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ABSTRACT

Background: Fungal infection is very common in developing cini@s due to the life
style and illness like diabetes, HIV infection amsk of immunosuppressive drugs.
Dermatophytosis is a superficial fungal infectioaused by keratinophilic fungi
belonging to three generdrichophyton, Microsporum and Epidermophyton which
affects hair, skin and nail. Distribution of theespes of dermatophytes varies
depending upon the geographic location, ecology lamthan activities. We have
several dermatophyte speciation studies from Indigstontinent, those were carried
out among Indian ethnic group. Siddis/Siddhis aratlseast African descendants that
were brought to India as slaves durind’36d 19" centuries by the Portuguese. This
study was conducted to determine the clinical ppfAntifungal Susceptibility,
species distribution, genotype of predominant aaré dermatophyte isolates in this
conserved Siddi community residing in southern pathdia.

Materials and Methods The study was carried out from 2015 to 2017. altof
1004 clinical samples were collected from 937 Sitlthal patients with suspected
superficial fungal infection, all clinical samplesere subjected to direct microscopy
using 10% potassium hydroxide (KOH) and inoculaiedo Sabouraud dextrose agar
(SDA) with antibiotic and incubated at 28°C. Isektwere identified based on its
macroscopic and microscopic features and ureaseolggts. Genomic DNA was
extracted by manual phenol-chloroform isoamyl atdohethod and eluted with 50 pl
Tris EDTA buffer. Amplification was done by Polynaese chain reaction (PCR) using
Internal transcribe spacer (ITS); ITS 1 and ITSAftifungal susceptibility testing
was carried out against 13 antifungal drugs, furtdikterbinafine resistance isolates

were analyzed for mutation in Squalene Epoxida&g ¢@ne.

Xiv



Result: A total of 102 samples (10.15%) yielded dermatopsyin culture and a total
of 193 samples have shown positive by direct mmopg. Tinea unguium (32.35%)
and tinea corporis (27.45%) were the most prevaténical condition followed by
tinea capitis (25.49%), tinea cruris (13.72%) anded pedis (0.98%).T.
mentagrophytes complex (67.64%) was the most commonly isolatedndéophyte
followed byT. rubrum (25.49%). Phylogenetic analysis based on the l@@on
revealedT. mentagrophytesinterdigitale complex belongs to “ITS genotype VIII",
suspected rare fungi was clustered withrubrum and Cladosporium halotolerance.
Voriconazole have shown the lowest MIC (M§®.00781 mg/ltr) and fluconazole
have higher MIC (MIG 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 14btgear old age group were the
most often affected. Tinea corporis was the mostrmon clinical manifestation. The
most prevalent etiological agent whsmentagrophytes, which corresponds to the ITS
genotype VIII. Despite their origins in African mats, the distribution of
dermatophytes and their etiological agent in thaelSiribal population is comparable
to that of native IndiansCladosporium halotolerans, an indoor fungus, can cause
superficial infections like tinea capitis. Voricamde was the effective antifungal
agent, whereas luliconazole and griseofulvin hdnaws higher MIC. Mutation in the
1191 position which leads to substitution of phaftgimine to lucine at S%OSition

in terbinafine resistant. mentagrophytes isolates was observed in the present study.
Key words: Dermatophytes,Trichophyton, Epidermatophyton, Microsposporum,

Siddi and Molecular
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I ntroduction

1.0 INTRODUCTION

Fungal infection is very common in developing coig® due to the life style
and illness like diabetes, HIV infection and usénafnunosuppressive dru§sFungi
are a unique category of higher organisms thahateelated to plants or mammals.
Fungal cell wall is made up of chitin whereas anio@ does not have the cell wall
and plant cell is encased in cellulose, fungi getdf or nourishment by secreting
enzymes for external digestion, which they therodhsThese are simple in structure
compared to the plant and animal cell. Fungalw#linot divide into tissue or organ,
the basic structure of fungus is hyphae which albelar or filament likes structure or
independent single cell. During tissue invasionesal pathogenic fungi modify their
development patterns. In tissue, these dimorpmgifaonvert from hyphal to single
celled form. The vegetative stage of most multidaH fungus involves mass
branching known as mycelium. The septate hyphdakemore advanced group have
more or less frequent cross walls. Fungi which db aontain hyphae but contains
loosely arranged budding cells are known yeast.cé&lhese yeast cells extend from
the parent cell before budding, resulting in a shai elongated cells known as
pseudohyphae. Fungi reproduce asexually using sdopc propagules known as
spores. Many fungi have the ability to reproduceuaély. Unless two distinct mating
strains come into touch, most fungi are heterathalhd do not develop sexual
structures. Some fungi are homothallic, meaniny timay create sexual structures
inside their colonies. The process then progressesneiosis, which results in the
formation of sexual spores. In modern mycologieaininology, fungus sexual stage

is referred to as telomorph, while its asexualestageferred to as anamorph.
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I ntroduction

1.1 Classification of fungi:

The classification and naming of fungus is basedheir reproductive bodies
and the method in which they are generated. Ldtwigus is divided into four groups

depending on differences in their reproductivecttme.

1. Chytridomycota: It consist of a single class wigipeoximately 1000 species,
none of them are pathogenic to human. The fusinguéble nuclei happens
during sexual reproduction, and meiosis occurs rmdyce motile spores
known as zoospores.

2. Zygomycota: There are roughly 175 genera includ@801species in this
division. The fungus's vegetative state is aseptAtexual reproduction
happens by forming the spores or sporangiospdnesgtare non motile and
produced in the sac like structure known as spauamgSexual reproduction
occurs when suitable colonies' nuclei fuse, resylin the development of
enormous single zygospores with thickened walls,germination, meiosis
occurs, and haploid mycelium grows. The Entomopiaties and Mucarales
are two significant medical orders in this category

3. Deuteromycota:There are roughly 3200 genera and 32000 specighisn
category. The fungus's vegetative body is dividetb isepta. Asexual
reproduction takes place by the formation of spdm®wvn as conidia from
conidiogenous cell. These conidiogenous cell isdiiderent from mycelium
in some species. Condiogenous cells are produced Bpecific hyphal
structure known as a conidiophore in other spedibs.fusing of nuclei from
suitable colonies is used for sexual reproductiaidgis haploid spores called

as ascospores, and ascospores are produced ikestarination and these sac
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like formations are recognized as ascus. The Ascotayhave primordial

transition from a type of primitive to single asoward an ascocarp with many
asci. The telomorph genus of the dimorphic systeffuicgal pathogen

Ajellomyces is included in this division. Blastiongs, emmoncia, and
Histoplama are anamorphic genera.

4. Basidiomycota: There are around 22,000 speciekigncategory. Thallus is
divided into septa. Variables in asexual reprodaunctonidia are produced by
certain species, where as some species do notqearhnidia. Few species
reproduce sexually by fusing the nuclei after wabblonies, followed by
meiosis, which results in the formation of basigim®s on the basidium.
Basidia often produces macroscopic structure kn@snbasidiocarp, the

spores are often forcefully discharged.

Fungal infection can be divided into three type estipial mycosis,
subcutaneous mycosis and systemic myd®sidmong the superficial mycosis
dermatophytosis is the most common and contagiofestion® Dermatophtes are
the keratenophilic fungi infect skin, hair and n&8iécause the fungus cannot penetrate
into the tissue or organ of an immuno-competenividdal, infection is cutaneous

and limited to the nonliving cornfield layer.
1.2 Dermatophytosis:

Dermatophytes are the keratonophlic fungi infecksn,shair and nail,
dermatophytes are restricted nonliving cornifiegelts of immune-competent host
due to its inability to invade the tissue or orfdrRing worm infection, or tinea
infection, is another name for it. Tinea is a peceféo the Latin description affected

area. The dermatophytic infection ranges from raldevere depending upon the host
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response to the fungal metabolic products, virudeofcthe infecting species or strain,
site of infection and environment of the local gegmical location. David Gruby
described the causative agent of favus, he exmlaithe clinical features and
microscopy of its crust and discussed about itdagious nature of the disease in
1986-1989. Later in 1890 Raimond Sabouraud began skientific study on
dermatophyte@ His contribution to dermatophytosis included taxmy,
morphology, methods of cultivation and treatmeng. ¢hassified the dermatophytes
based on clinical features, culture charactersnaiedbscopic appearance in four types
of generaAchorion, Epidermophyton, Microsporum, and Trichophyton. Based on
spore shape and accessory organs, Chester Emnotassiteed the dermatophtes into
three genera:Epidermophyton, Microsporum, and Trichophyton, and removed
Achorion in 1930. Using Vanbreuseghem's hair &ihhique, Dawson and Gentles
discovered the telomorph dfrichophyton (Keratinomyces)jelloi in 1959, which
initiated the discovery of teleomorphs of numerdesmatophytes as well as other
keratenophilic fungi, further to see the pleomaosphiand to study the taxonomy

genomic study was carried out.
1.3 Etiological agent:

1.3.1 Anamorphs: Dermatophyes are split into traeamorphic genera which are
Trichophyton, Epidermophyton andMicrosporum which comes under Hyphomycetes

(also known as Fungi Imperfecti) of anamorphic €lasder Deuteromycota.

1.3.1.1 Epidermatophyton: The pathogenic speci&pidermatophyton fluccosum has
ovate with the narrower end at the base to widalp-shaped multicellular (1 to 9

septa) macroconidia (20 to 60 m by 4 to 13 m) hgwmoother walls and no
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microconidia. It depicts a colony with a gritty,uonpled, suede-like texture that

grows slowly and is olive to yellow or golden-brownhue.

1.3.1.2 Mirosporum: Microsporum has produces the macroconidia with rough surface
known as echinulate. It produces large number afrownidia and lesser number of
microconidia except one microsporum which hardlorgfates isMicrosporum
audouinii, after formation of macroconidia, it is usually ese singly on a

conidiophore.

Microsporum audoinii: M. audoiniican be difficult to identify since it sporulates
infrequently or does not sporulate at all. It getes grey — white, cream to tan
growth on saboraud's dextrose agar with pigmemtaiio the opposite surface of the
growth with reddish brown. The production of teralichlamydospores distinguishes

microscopic finding.

Microsporum canis. This species shows granular buff colored colony weibw-
orange to orange- brown reverse pigmentation. Mmwpic features include
production of fusiform, echinulated, thick walleddamultiseptate macroconidia and

few microconidia.

Microsporum gypseum: This species shows granular buff colored colony.
Microscopic features include production of fusifgrechinulated, thick walled and

multiseptate macroconidia and few microconidia.

1.3.1.3 Trichophyton: This species has multi-celled, smooth-walled meanidia
with a variety of shapes (clavate, cylindrical, agtindrofusiform) that develop alone
or in clusters on the conidiophore. Depending angpecies, strain, or culture state,

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

or powdery colony which is highly folded, surfade®w/s white to cream to deep rose,
reverse shows wine red or some time yellowish agangcolor. Microscopic feature
shows the club shaped (tear shaped) microconidem@ed along the hyphae, smooth

walled macroconidia.

Trichophyton mentagrophytes: There are zoophilic vér.interdigitale) and
anthropophilic yar.mentagrophytes) variants. Zoophilic strain produces granulated
off-white colored colony whereas anthropophillicagt produces white and fluffy
colony. Reverse pigment may be present and mayntdedhe reverse pigment of
rubrum. This species generates spiral hyphae, smoothedvatiacroconidia, and

spherical microconidia clustered along the hyphae.

Trichophyton tonsurans. Shows powdery or granular brown colony, pigmeotati
may disappear after subculture. This strain maywshellow-brown to red reverse
pigmentation. It produces a large number of difitlie shaped microconidia
(elongated or clubbed or balloon shaped). The @etinidia are also visible in some

of the stains.

Trichophyton violaceum: This strain grows slowly and creates a colony thatiled
and twisted with a violet or lavender coloured acef If reverse pigmentation is

present, it is purple in colour. Microconidia andaroconidia are absent.

Trichophyton schoenleinii: It generates “favic chandeliers,” these will be @ip of
the hyphae bearing antler-like forms and produdeisevto tan heaped up and twisted

colonies with no colour on the reverse. It lacksnmtonidia and macrocondia.
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Trichophyton concentricum: shows slow growing colonies in slightly red ordeeio

brown and these are intricate and later becomésagla. It lacks sporulation.

Trichophyton soudanenase: It has a yellow to orange suede colony that istéidold
and has radiating fringe. Purplish red variatiorttensurface. The reverse is the same
colour as the surface. Arthroconidia often causptade hyphae to split apart.
Reflective branching is characterized by the foramabf branches at both a forward
and backward angle to the parent hyphae. Microcamidthe shape of teardrops may

develop along the hyphae, but macroconidia argrestent.

1.3.2 Telomorphs: Few dermatophytes mostly zoophilic and anthrogdaphi
dermatophytes likéicrosporum and Trichophyton may also reproduce sexually by
forming ascomycota with asci and ascospores. Theseng to the Arthroderma

genus, Arthrodermataceae family, Onygenales, phylsoomycota.
1.4 Pathogenesis:

Dermatophytes are primary cutaneous pathogens andes skin, nail and hair
infection it invades skin, hair and nail by prochgian enzyme keratinase which
digest keratin. The formation of mannans is anotlement that boosts
pathogenicity. These are components of the cell that have immunosuppressive
properties. Mannans may help to escape elimindiiothe host by suppressing the
cell mediated immunity. In few dematophytes patmigey human genetics also
plays an important role. In few families, tinea ungn is inherited as an autosomal
dominant characteristid. concentricum causes tinea imbricate which is similar to a

tinea corporis. It is an autosomal recessive pattérich is inherite®
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Many host mediated factor limits the invasion ofrdatophytes. Progesterone
shows the inhibitory effect on dermatophytes inwitkich explains the increased
incidence in male compared to female. Unsaturaatty ficid present in the sebum
inhibits the dermatophytes invitro, which explainte less frequency of
dermatophytic infection on adult scalp in contrestthis palm and sole lacks the

sebum could explain the persistence of infectiothis region®

Fig 1.1 Invasion of dermatophytic fungi into the keratin layer of skin

Dermatophyte Spores — Invade keratin —_— Skin
From Soil/animal/human Hair

Nail

Release Keratinase

v

Inflamatory reaction Redness
Swelling
Alopecia

v
Infection move from the site of infection (Spreading)

v

Central healing with classical ring like lesion.
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1.5 Clinical manifestation:

Traditionally the dermtophytes are named after @natal site involved. The clinical

manifestations are as follows.

1.5.1 Tinea corporis: It's a glabrous skin illness that affects the fémeat not the
beard), trunk, and limbs (includes dorsal sidearids and feet). It is commonly seen
word wide and prevalent in person leaving in wamndition. It is seen in all age
group. Immuno-compromised patients with disease tkabetes mellitus, Cushing
syndrome and HIV infection are predisposing facttos dermatophytoses. Any
dermatophyte species is able to cause tinea cergofection. Anthropophilic
dermatophytel. rubrum is the most prevalent cause of tinea corporisoedlr the
world. In children with tinea capitug,. tonsurans is the main cause tinea corporis,
person who comes in contact with animals zooplitganism likeM. canis andT.
mentagrophytes var. mentagrophytes can cause the infection. Geophilic
dermatophytes lik&1. gypseum is more likely to cause the tinea corporis infeci
Clinical presentation may vary from non-inflammatacaly plaques to inflammatory
pustules, with progressive scale and central aearaan anthropophilic strain of
dermatophyte may form annular plaque. Inflammatesyon which may range from
vesicle to pustule can be seen in infection wittoptolic and anthropophlic
dermatophyte all lesion of tinea coporis may beripcu The dermatophyte may
invade the hair follicle and cause perifolliculauspule which resembles bacterial
folliculitis and may cause invasion of follicle wand lead to granuloma formation.
Majocchi's granuloma is more frequent in women vehave their legs and have

onychomycosis or tinea pedis.

Page 9



I ntroduction

1.5.2Tinea unguim: Tinea unguim is the infection of the fingernaidatoenail caused
by dermatophyteS) whereas onychomycosis is a broad term used teatalithe
fingernail and toenail infection caused by dermhyaes, non dermatophytic mould,

yeast and rarely bacteria.

Prevalence of Tinea unguim ranges from 3-13% ineg@npopulation and
may increases up to 28% in the age of more thaye@6s reduced immune response,
poor peripheral circulation, extended infection @qre, and poor cleanliness might
all be factors® Majority of onychomycosis, more than 90% is dueéomatophytes.

T. rubrum and T. mentagrophtes is the major causative agent of onychomycosis and
M. gypseum less commonly seen organism in tinea unguim ifdacand T.
tonsurans can be seen in children who has tinea capitis.-tl&matophytes can
appear as secondary infection in onychomycosig #fie nail damage. Commonly
seen non-dermatophytes in onychomycosisSaytalidium spp. Scapulariopsis spp.

Aspergillus spp.Candid spp. and~usarium spp.

Onychomycosis is classified into four types basedh® clinical presentation

and route of infection.

1. Distal Lateral Subungual Onychomychosis (DLSO)s Ithe more commonly
seen form of onychomychosis. The pathogen migrptegimally through
lateral nail groove by penetrating the nail, cagsimoderate inflammation that
can progress to prokeratosis and subungual hymgdses, which can lead to
onycholysis and subungual thickening. The infectagent enters the nail
plate through the lateral nail groove and migrgiesximally, causing mild

inflammation that can progress to prokeratosis sutslingual hyperkeratosis,
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which can lead to onycholysis and subungual thiciggeras well as nail plate
separation from nail bed.

. Whitish Subungual Onychomycosis (WSO): It is lessqgfiently seen than
DLSO. Invade the nail plate's surface. Well deliedapaque are seen on nail
known as “White Island”. The infection may spreadni the plate to the
cornified layer and then to the hyponychium andhe nail bed, this causes
nails to be mushy, rough and disintegrdtementagrophytesis the common
etiological agent. Non-dermatophytes likepergillus terreus, Acremonium
potronii andFusarium oxisporum can also cause infection.

. Proximal Subungual Onychomycosis (PSO): It is leestmmonly seen
presentation of onychomycosis in immunocompetepufation, however the
infection can be seen in immune-compromised patjezdgpecially in AIDS
patients. Pathogens spreads away from the lunglarrdoy entering the nail
plate through the proximal nail fold, causing sulusl hyperkeratosis,
proximal leukonychia, and proximal nail plate dastion® The prevalent
causal agent i$. rubrum.

. Total Dystrophic Onychomycosis: The whole nail plahd bed are affected in
complete dystrophic onychomycosis, and the naitk#ms and becomes
dystrophic later. Distal lateral subungual onychoasys, proximal subungual
onychomycosis, and white subungual onychomycosstlae causes of this
condition. Rarely dense cream white subungual sreaen. In this condition
densely packed somewhat abnormal hyphae can be skt are relatively

resistance to systemic antifungal drug.
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1.5.3 Tinea capitis. Tinea capitis is a disease caused by the dermgi®pvhich
infects the follicle and scalp hair. It is commorondwide commonly seen in
prepubescent childrem. canis is the common etiological agent worldwide. Some
species are endemic to certain ardasviolacium is endemic in Africa, Asia, and
Europe, although non-endemic instances have beetified recently'® T. yaunndei,

T. gourvilli and T. soudanense are endemic to Africa. Sporadic outbreaks can be
caused byT. mentagrophytes, T. rubrum, T. verricosum, Trichophyton megninii, and

M. gypseum®.

The causative agent of tinea capitis can be clads#ccording to pattern of
infection. Sheath around the hair shaft formed biyraconidia can be seen in
ectothrix infection, whereas in endothrix infectiarthroconidia is formed within the
hair shaft. In favic infection fungal hyphae fragrhare seen in linear chain along the
longitudinal axis of hair. The may be dry scalygh&ts alopecia or inflammatory

pustules and kirions. There are four types of tivegaitis.

Gray patch Tinea capitis. Hair growth is decreased or short stabbed atiteeof
infection in a circular or oval strongly definedearof partial alopeci@. Hair may
have tendency to break just above the infected. $kiom the infected region, the
lesion may extend peripherally to produce a patéth wnoderate inflammatory

scaling. Some time resembles the dandruff.

Black dot tinea capitis: Endothrix of hair can be seen in this type okation leads
to break arthroconidia laden stub visift€ When hair color is black the dot appears
in black color. In case of other hair color dot @@s in the color of haif.. tonsurans

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

yaunndei, T. gourvilli andT. soudanense are endemic in the parts of Africa.

Page 12



I ntroduction

Inflammatory Tinea capitis. All dermatophyte capable of producing tinea dapit
can cause inflammatory tinea capitis the lesion naage from pustular folliculitis to

kerions.

Favus: Favus is another type inflammatory tinea cagitigsed byl. schoenleinii and
Scutula is a cup-shaped yellow crust that forms withirr fallicles and is made up of
hyphae, neutrophils, and epithelial cells. It progi bluish white florescence under

Wood's lamp'?

1.5.4 Tinea barbae: It is the infection of the facial beard area if mesmused by
dermatophytes. Infection may transferred by contameid razor used in
barbershop*? T. mentagrophytes andT. 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 devetognt, raised nodule draining
pustule and sinus tract, and hair that is loosejadged, or missing on the affected
region®® The chin and neck are also affected, with the lpratspreading throughout
the full beard. Secondary clinical presentatiomas inflamatory or sycosiform and
resembles the bacterial folliculitis. In caseTofviolaceum or T. rubrum hair in the

affected area may be loose, broken and resembiess ¢orporis infectiof?)

155 Tinea cruris. The dermatophytes causes the tinea cruris iofectif the,
inguinal, upper thigh, pubic and, perianal areagh vthe buttocks occasionally
affected. Crowded living condition sweating, tigtiothes, and communal bathing
facilities of the military forces, athletic teanr, grisoner can be a predisposing factor
for infection®T. rubrum is the common eitiological agent followed Byfluccosum

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

inflammatory lesion with sever itching sensation.

156 Tinea pedis and Tinea manum: Tinea pedis is a disease caused by
dermatophytes, which causes the infection to thatpt surface of the toe web and
foot, and T. mannum, is an infection caused by the dermatophytes & pghlmer
surface of the hand interdigital arda.rubrum and T. mentagrophytes are common

causative agent followed 5 fluccosum.

Clinical infection by tinea pedis generally falltanthe following 4 types
Moccasin, interdigitale, inflammatory and ulcerat®) Moccasin lesion is dry entire
plantar surface is involved and extends to latévat. Hyperkeratic scales may be
produced with fissure occasionally. Maceration,\scand fissures of the toe web
characterize the interdigitale lesion. Between finerth and fifth toe web skin is
frequently damaged wher€. rubrum is commonly isolated. Secondary bacterial
infection is seen and which may results in dernfagtgsis complex. Vesicular bulla,
pustules, and vesicular hypersensitivity respomsardlammatory lesions that appear
on the instep or mid anterior plantar surface. dieTannum produces scale on palmar

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

Sl. o o Commonly Commonly isolated etiological
Clinical condition
No. affected area agent
_ _ body, shoulders | E. floccosum andTrichophyton
1 Tinea corporis
and legs, Spp
_ N | Microsporumspp.,E. floccosum
2 Tinea capitis Scalp and hair .
andTrichophyton spp.
Tinea ungium _
3 _ Nail T. rubrum andT. mentagrophytes
(Onychomycosis)
. . Pelvic, perianal
4 Tinea cruris ) _ T. rubrum andE. floccosum
and perineal regiop
Palms and
5 Tinea manuum interdigital areas T. rubrum
of hands
5 Tinea pedis (Athlete’s Soles of feet and| E. floccosum andTrychophyton
foot) toes spp
7 Tinea faceae Face Microsporum sp.

1.6 Immunology:

Dermatophytes are usually found in the stratum examis dead keratinized

tissue and may lead to mild to severe inflammatesponsé®. The fungal infection

is not recognized by a particular immune respoms¢hé surface cornified layer,

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

host defenses respond, the dermatophytes areyfelatiinated and access into viable

tissue is avoided. In the dermatophytosis infectibie cells like Neutrophils,
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lymphocytes, macrophages, and mast cells fightsysigdermatophytes as they have
unsaturated transferrin, 2-macroglobulin  keratinas@hibitor, epidermal
desquamation, and macrophages, lymphocytes, mageph mast cells and
neutrophils. Dermatophytes have two main antigpegtidogycans and keratinase.
Protein portion of the peptidogylcans are respdadir the cell mediated immunity

whereas protein portion can stimulate humoral imityuf**>
1.7 Siddi tribals:

Siddis are unique tribe who has African ancestryp wahe said to be direct
ancestors of Africans transported to India by tlmab&, Portuguese, and Dutch. They
originate from Ethiopia, Mozambique and Easterriosfn countrie$:®*® They have
been living in India for many generations and ndvad been to their original land.
Some previous studies have shown the genetic deless of the Siddi community
with Africans®®?? However study conducted using autosomal and Ymbsomal
genetic marker has shown Siddis have likely angedtsub Saharan Bant{f$) Many
of the African farmers were settled in east Africauntries during Bantu expansion
and Portuguese were predominantly ruling this regioring 15 to 17" century and
they might have brought them to India and sold &wabs and sultharfs:*¥
Existence of Siddis were documented in 1100 Arlat 13 century they brought to
India in large group as their slavé8.Later in 17" — 19" century Portuguese brought
them to India later many have become officials inshins and Hindus armies and
rose to power in more than one pl&¢é> These Afro-Indians are known as
Sidi/Siddi/Sidhi or Habshi/Habsi. Majority of theraside in the western coastal areas
of Karnataka and few in Goa, Maharashtra and Gujstaes with nearly total

population of 0.25 to 0.30 milliofi®*"
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Fig 1.2 Siddi tribals
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In Karnataka, Siddis are spread over the foresasaf Uttara Kannada
district, Siddis are escaped from Goa and latafesein thick green forest of Uttar
Kannada district:”?>?®) |n Uttar Kannada district they are found in Yela,
Ankola, Mundgod, Sirsi, and Joida taluka placesw feé them are also settled in
Khanapura and Khalaghatagi of Belagavi and Dhardiattict respectively as both

talukas are bordered with Uttar Kannada distfic®
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Uttar Kannada district is coastal area, where westiats passes through.
Most of Uttar Kannada district is has thick foregth hill station lies between £&and
15 north latitude and P4and 78 east longitude. Most of the Siddis are settlethin
slop of western ghats with thick forest and valldysving spice and areca nut
plantation® Many Siddis are also scattered along the Hubli advar road from
east to west and Belagavi and Sirsi road from nimrtiouth. Most the Siddis live in
small huts having hay roofing and outside wall lo¢ thouse is built by mud and
plastered with cow dung. Some of the Siddis alge in concrete housé&S’ Siddis
lives in separate houses close by one another mwitimum of 5 houses and
maximum of 40 houses can be seen. In 1996 survey population of Siddi

community were 12,153 with 2405 familié3.

Siddis are adapted to the local regional culturé language. They belong to
Christian, Muslim and Hindu religions, lead a simfife and live in small hamlets.
Siddis can speak local regional language Kannaudhd region like Yellapur and
Ankola they speak Kannada and Konkani, in Haliggion Muslim Siddis can speak

Kannada and Urdu whereas Christian Siddis can dpethkkKannada and Konkani.

Siddis are well built and short or tall with stroagmedium physique. Siddis
have dark complexion of skin. They have peculiaarahteristic form of hair. Hairs
are woolly, frizzy and curly known as helical haihey have rough textured hair and

very few may have wavy hair. Siddis have reduceatdand mustache.

Most of the Siddis have nuclear family they divided establish separate
house after marriage. Joint families can also len $e8 the community. Elder male
heads the family and takes important decision i flmily. These Siddi tribal

community respect elders and have mutual obligaimong living family members.

Page 18



I ntroduction

Few recognized people in the community acts asleadGuru and give guidance to
the community. Most of the Siddis follow monogarbgys get married at the age of
23 and girls get married by 19 years of 4§eEarly marriages are reduced in the
community and child marriages are not been prattize the community. The

incidence of inter caste marriage is seen in timengonity.

Most of the Siddi depends on agriculture for tharse of income some of
them are involved in forest labor, honey collectiand daily wage labor. Along with
the agriculture they also volunteer to work in areat gardening, cut trees for forest

contractors

Humid and warm atmosphere of the Indian subcontinengood growth
environment for fungi, especially to dermatophyt&s® The most common fungi
causing dermatophytosis in this geographic area arerubrum and T.
mentagrophytes. Although Siddis have adopted the local social agldjious life
styles, they form a different physical and gengticup as compared to local native
Indians and hence, their health and disease staéispecially the
susceptibility/resistance to certain infectionsyvafhere are very few reports on
health and diseases associated with Siddis eslyeitial fungal infections. However,
certain geographically restricted fungi have bessoaiated with Siddi community,
which are found to be closely related to the issateported from Eastern African

Countrieg!6:®)

Even though this community never had been to theginal land and never
exposed to their ancestors but some rare infectimmes still prevalent in this
population as compare to local Indians. Among theame of the rare and exotic

fungal infections specially ring worm/tinea infeotidermatophytosis are commonly
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seen among this community. Even though such tinésctions are seen in native
Indian of the region, but the species causing sofgttions are totally different and
are rare. These species known to cause such mfiectimong negroid people like
Africans. Very few cases have been reported but ggographically restricted fungi
in the past?®® This peculiar observation has stimulated us takthian this fungi

infection relate their ancestral relation to Africarigin
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1.8 Objectives

1. Isolation and identification of dermatophytes agsed with skin infections in
Siddi community.

2. The prevalence of dermatophytosis in the Siddatrdmmmunity.

3. Phylogenetic analysis of the exotic and rare fuiggaates

4. A comparison of the genetic relatedness of thearekeisolates with African

isolates.
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20REVIEW OF LITERATURE

Fungi are ubiquitous saprophytes generally involuethe decomposition and
recycling of organic matters and have capacity otortize in any environment.
European physicians, discovered the fungal etiolaigfavus, which began medical

mycology®®

2.1 Historical review:

In India mycotic infection has been mentioned Idragk in ancient books in
Ayurveda mentioned generally as skin diseases badarm “Dadru” was used to
indicate the superficial infection. Based on therphology of the fungus Planek of
Vienna introduced classification of skin diseaseth&rs replaced the term prurrigo
with tinea to put down leave tinea favosa (favusjiea tonsurans and tinea
dseclavan§ First human pathogen isolated and identified waasfingus by Remak
in 1834. First clinical condition considered to dermatophytosis was favus. Remak
observed the presence of filament when examineghtiiavosa. These filaments
described as fungi by Schonlein (1839) and WeitzarahSummerbell (1995). While
fungal infections are common in both temperate taogical regions, the distribution
of dermatophytosis, its etiological agents, ane@dctibn rates differ by geographical

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

During 1841-1844 Gruby explained the clinical featu and microscopic
characteristics of favus. He was completely unawafreRemak and Schonlein's
studies on favus, he explained fungus can invadedfaeard and scalp to cause

enctothrix and causative agent was namedlasudouinii. He also described the
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endothix hair invasion and named the causative tagemerpes (Trichophyton

tonsurang?®:3Y

Dermatophytes were further classified by SabourauBrench dermatologist
into four genera i.e.Achorion, Microsporum, Trichophytoand Epidermophyton
based on clinical type and culture characteristitd 910, he published his work, in
which he explained about conidial characters, oplomorphology, taxonomical
characters and treatment. Robert W discovered thedsvlamp which was used to

detect the hair infection by fungus in 1938,

Chester Emmons (1934) categorized dermatophytegdbam conidial
morphology and accessory structure, emphasizing #mamorphic genera

Epidermophyton, MicrosporumandTrichophytorwhile excludingAchorion®®
2.2 Epidemiology:

Dermatophytes, yeasts, and NDM are the most comfuogal pathogens
relevant in medical practice, according to Ajella962) and Weitzman and
Summerbell (1995). Fungi are found in about 100,0f&@rent species all over the
planet. The capacity to digest keratin distingusshiee approximately 40 distinct
species of dermatophytes that have been identifseduman diseaseEtichophyton
Microsporum andEpidermophytorare the three genera of dermatophytes that cause
the majority of cutaneous fungal infectidfis>” There is a substantial change in the
epidemiology of dermatophtes over last few yé&tspidemiology of dermatophytes
are influenced by several factors like migratiolimatic factors, growth in tourism,
changes in socioeconomic conditions, overcrowdihgalthcare, environmental

hygiene and culturé**39The dermatophyte infection is cosmopolitan etiatayi
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agent vary in the different part of the world. lteidence of dermatophytes may
increased by the risk factors like high humid weatlover population and unhygienic
conditions®*¢%3) |ts frequency may increase in tropical and sulitalp
countries*¥ The etiological agent and the anatomical site lieain the infection of
the dermatophtes depend upon the geographicabarckdue to travel. The incidence
of the dermatophytic infection may also increasemmuno-compromised patients
like trauma associated with diabetes mellitus,guasi on chemotherapy, and in HIV
patients”® Other factors like air tight clothing and shoesiniy sports activity and
communal swimming pool may also increases the érad of dermatophytes.
According to Erbagci et al., the dispersion of datophytes isolated from skin and
nail diseases has improved significantly during firevious century (2005)E.
floccosumand M. audouinii dominated human pathogenic dermatophytosis in the
1920s, whileT. rubrumwas almost unheard of and although dermatophges of
tinea ungiurff®*” accounted for just 2.8 % of 106 mycoses diagnasd®38, their
prevalence increased to 10.8 % in 1949 and Buchaattl Simaljakova (1995) all

detailed these improvements (1995).

Dermatophytosis is the common superficial infectigks per the CDC
prevalence of dermatophytosis is 20-25% worldwig@.to 70% of adult host are
asymptomatic for dermatophytic infection because/loith incidence of the infection
increase with ag€**¢*4243)T mentagrophytess the most prevalent cause of
dermatophytosis, which may be found in tinea cagpdimea unguim, tinea faciae,
tinea capitis, and tinea cruries. Some investigat@ve found that. rubrumis the
common cause of dermatophytoéfT. rubrumwas found to have risen from 41.7
% of all dermatophytic isolates in 1950 to 82.7 #41P93, according to Marakiand

Tselentis (1998). According to another study, 37086T. rubrum isolates were
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retrieved from nail samples and 36.4 % from feetoanting for 73.4 % of all
isolates™® but recent studies showed the shift of trend frémrubrum to T.
mentagrophyte§®>? Tenia corporis is the common clinical manifestatiom

dermatophtosi§®®

Men are more likely than women to develop dermtogéig, according to
several studies. According to one of the lateslies) it is more widespread in men
(84 %) than in womef® Khadri et al. recently published a study on thenicé-
Mycological Profile of dermatophytes in Vijayapufarnataka, which found that
dermatophytosis is most widespread in the age gmiu@l-30 years (37.5%),
followed by 31-40 years (37.5%), 31-40 years (37,5%4-40 years (37.5%), 31-40
years (37.5%), 31-40 years (37.5%), 31-40 yearss¢8y, 31-40 years (3 (17.5% ).
The sex-wise incidence indicated that males (55%)sanificantly more likely than
females to have it (45%). Tinea corporis was thestmoommon form of
dermatophytosis (57.5%). Tinea cruris (15%), tifeeei (10%), and tinea corporis
(10%) are the most common clinical types (12.598)According to Philpot (1997),
males may be more susceptible to infection bectheseare exposed to more fungal
pathogen$® Increased occurrence may be due to the style @éssland clothing
worn, especially in the army, schools, and athlenents®®*” There were also
differences in the prevalence of different clinit@ims, such as tinea infection of the
groin being more prevalent in males, while tineéedtion of the foot and nail

infection being more common in femal@3.
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Interaction with animals, increased use of pubfiorts facilities (especially
swimming pools), wearing occlusive training sho#® occurrence of diabetes
mellitus and vascular disorders such as arteriossil® and an ageing population are
all factors that contribute to the development efndatomycoses in socially and
economically developing countries. This is in aditto well-known risk factors
including a friendly demeanour, male gender, foguries, and cigarette smoking.
Despite geographic features and predispositions dermatophytic infections,
Ceburkovas et al. (2000) discovered that the dephgte continuum is not
stagnarft®. Global sporting events, mass tourism, and risingnan migration all
contribute to the import and spread of less comepeties to specific geograpfit.

%2 While dermatophytic infection is more prevalent adlults, especially those
between the ages of 16 and 45, tinea infectiomefstalp is widely believed to be a
disease of children and young adolesc&if§) The continuum of dermatophytes is
not static, despite geographic features and preslispns to dermatophyte infections.
Less popular or forgotten species are being intedwand disseminated as a result of

growing mass tourism, foreign sporting events, iauteased migratiofi”)

Dermatophytes grow at surface temperatures of 2&8-28ccording to Stiller
et al. (1992) and Weitzman and Summerbell (19959, iafection of human skin is
facilitated by warm and humid circumstances, ad agkeasonal change, which aids
fungal infection disseminatidf” Cutaneous fungal infections are increasingly
widespread in tropical areas as a result of thesters. Furthermore, dermatomycoses
is more common in populations with low socioecormmonditions, as well as
crowded environments with many opportunities fansk-skin transmissioff” The
outbreak distribution of dermatophytes skin infewatis exacerbated by inadequate

sanitation and the lack or poor quality of medit@atment. The propagation of
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zoonotic fungal infections in culture is aided bgse proximity to domestic animals
and livestock®¥ Despite geographic features and predispositionsiéomatophytic
infections, Hormonal modifications during pubertguse acidic sebaceous gland
secretions, which are responsible for the declimedérmatophyte occurren€@.
Deirdre and Buckley (2000) and Brouta et al. (2000)the other hand, record only a

few cases of adult infectidf
2.3 Etiology:

Many type of dermatophytosis has been reportedndial] the commonly
isolated etiological agents in India afe rubrum T. mentagrophytesin the late
twentieth centuryT. rubrumwas one of the most common causes of dermatoplytos
in Asia, including India. In Jaipur, Rajasthan, \tées India,T. rubrumreported 46 %
and T. mentagrophyteseported 14 %in 2008% Lakshmanan et al in 2011 were able
to provide comparable findings from Tamilnadu, idor T. mentagrophytesT.
rubrumwas discovered in 79 % of the cases, wiilenentagrophytewas found in
14.5 % of the casé¥’ T. rubrumwas the most common dermatophyte in Goa, 38.2
% in Western India, followed by 27.2 % mentagrophyte€® Further many other
researchers have also shown the highest prevalaficd. rubrum in the
dermatophytosis infecticfi’*® There was an increased incidence @f
mentagrophytesvas reported in south India in 2012 by Hanumarghagt al. 58.9%

T. rubrum was demonstrated where d8s mentagrophytesvas accounted for
24.6%Y Agarwal et al. have demonstrated 34 U6 rubrum and 38 %T.

mentagrophytes northwest Indid’> However,T. rubrumwas found in 66 % of the
studied samples in North India in 2014, wher€amentagrophytewas found in 19

%. Ramaraj et al. have shown 45 %Tofmentagrophyteand 49 % ofl. rubrum{?
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In 2016, in north Karnataka region the commonlylased causative agent of
dermatopytosisi3. metagrophytewith prevalence of 48.3%> Bhatia and Sharmain
from Himachal Pradesh, India, conducted epidemioddgstudy of dermatophytoses,
and discovered 63.5% increase Tn mentagrophytesind T. rubrum 35.1 %™
Ramaraj et al. in the year 2016 isolafednentagrophyteand reported 44.75 % from
Chennai which is a next most widespread causatyentaof dermatophytosis
followed by T. rubrum with the prevalence of 48.95%8 In multicentric study
conducted by P. Nenoff et al. showed higher prexadeof T. mentagrophyten
93.21% and only 6.79%F. rubrum prevalence was observ&8. Mahajan et al.
performed a study called clinico-mycological stuidyectious dermatophytes and
their antifungal susceptibility to the medicatioimsa tertiary care centre in Uttar

Pradesh, IndiaT. mentagrophytesvas the commonly discovered species, with a

75.9% isolation ratel. interdigitalewas found in 63 (94 %) of 67 dermatophy{&k.

Similar situation seen after second world was wlhieeee was shift in trend of
etiological agent, whereT. rubrum has replaced T. mentagrophytes. T.
mentagrophytewas the predominant causative agent of dermatopisybefore 1935
and thereafter increase in the prevalencd .ofubrumwas observed Isolates &t
mentagrophyteper 100 dermatophytosis cultures dropped 80% %Zfom 1935 to
1954, according to researchers in New Ydrkrubrum on the other hand, was the
opposite.T. mentagrophytemcidence decreased from 13 % in 1935 to 2 % BY419
whereasT. rubrumincidence increased from 1.8 % in 1935 to 10 %4954 ©57°)
Gong et al. were able to establish that highlyriisoating microsatellites are linked
to population divergence and genetic diversityTinrubrum They were the first to

employ highly discriminating molecular markers tooyide information abouf .

rubrum populations, suggesting thktrubrumpopulations in densely populated cities
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may be more adaptive due to greater genetic diyeusider selective pressures. The
shift was thought to be caused by external elem&amts as humidity, temperature,
and stress, as well as internal factors such ashtis¢-parasite relationship, host

susceptibility, and immunological componefifs.

Malhotra et al. found in 1979 that tinea capitid%9 was the most frequent
dermatophytoses among Libyan children. The mostgbeat dermatophyte species
was T. schoenleinii(69.5 %), followed byM. audouinii (23.8%). Mikhasik et al.
identified T.rubrum (71.3%) andT. interdigitale (28.7%) as the most common
causative agents in foot mycoses in Russia in 1890.rubrumwas the most well-
known dermatophyte in north and central Europemarily associated with tinea
corporis and tinea cruris infections. Twenty isesatof T. viollaceumhave been
identified as being linked to tinea capitis andeéircorporis in Melbourne, Australia,
over a 32-year period. Monod et al. (2002) ideadifl. rubrumas the most prevalent
etiological agent in Switzerland, followed By mentagrophyteandM. canis'’® In
2002, Lacroix et al. reported that 45 % of runnearsrance were infected witf.
interdigitale sores on their feet, whereas 31 % were asymptomatiinea pedis, the

primary etiological agents wefe interdigitaleandT. rubrum®®

T. rubrumwas the predominant causative agent in Clevel@idp, USA,
Foster et al. reportetl. rubrumcaused skin mycotic infection with recurrence \hic
was accounted for 64.4% in 1999 to 79.3% in 2882n 2004, Brilhante et al. found
that 46.4 % of Brazilians had dermatophytoses. st prevalent isolates wefe
tonsurans(54.41 %),M. canis (38.97 %),T. rubrum (4.41 %), T. mentagrophytes
(1.47 %), andM. gypseum(0.74 %$?. loannidou et al. (2006) studied the

epidemiology of onychomycosis in Crete, Greece, fauhd that 83.3% of patients
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tested positive between 1992 and 2001. Onychomgcasis found in 24.3% of
patients, with infected nails found in 10.7% of emswith 36.7 % men and 63.3%

females®®

The presence of the uncommon geographically limidedmatophytesT.
yaoundeiandT. soudananse the migrating Siddi ethnic population has bekown
in several investigatiort&® In 1993, Hemashettar B.M. has isolaiedyaoundein
Siddi community.T. yaoundeiwas isolated from a 6-year-old Siddi kid who had
numerous greyish white scaly lesions of varyingsigcattered all over his head and
had characteristic negroid features. These lesiauak started 6 to 8 months prior,
according to the child's father. The patient hagenéeft the North Karnataka area of
South India, nor had he made contact with anyone kdd lately visited Afric&®
Hemashettar & Nadig identified. soudanenseanother geographically confined
African dermatophyte, from a local patient in Solridia in 1980. The patient had
never been abroad of the country, and the illneslsio clear cause. The discovery of
this unique fungus on India's west coast suggdsss possibility of an African
dermatophyte hotspot nearﬁ?.T. soudanensevas isolated outside of Africa as a
result of its isolation, it's been suggested tisexistence outside of Africa might be

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

Studies conducted in the other part of the worldehalso reported the
presence of rare dermatophytes in the migratedcadripopulation. Jacquelyn R.
Coloe et al. have shown the presenceTofviolaceumspecies (4.2%) and.
soudanensél.6%) in children with tinea capitis. Reporte@lB% of cases were seen
in the African originated patients. The spreadrlofviolaceumoutside of Africa has

been linked to emigration from Afrid&"
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In Stockholm, Sweden, a tinea capitis pandemic edly T. violaceumwas
reported (68 % of 92 isolates). 83% of these itsfavere born to African immigrants,
with Somalia accounting for 41 %. violaceumwas found to be present in 87 % of
Somali individuals with tinea capitf& T. violaceumdiscoveries among African
immigrants have been documented in Florence Ita4),(Bordeaux France (25),
Hamilton New Zealand (26), and Melbourne Austrglid@). Between 1983 and 1994,
209% rise in tinea capitis was seen in African Aicaars in California, according to
Lobato et af®® Athanassios Kolivras et. al. reported the isolatbi. soudanensin
35 cases (28.69%7,. violaceumn 22 cases (18.03%) of 122 children from Brussels
Belgium. The infections linked with the bulk of T@ases in Brussels and other large
European cities are anthropophilic dermatophytdsichvrepresent primarily North

and Black African population migratioffs)

Only a few times hav@. violaceumandT. soudanensevhich are common
causes of tinea capitis in Africa and West Asigrb&entified from patients in the
United States. Among 14,696 dermatophytes isol&@u patients at 54 locations
across the United States from 1985 to 1987, onlwé& recognized @k violaceum

and only 2 ag. soudanens@°%

Shelley S. Magill et al. observed 25 violaceumandT. soudanensgsolates
from 24 patients. To isolate these organism irtiBakre, Maryland in 2005 at the
Mycology laboratory of John Hopkins hospital, 1&%6) patients of 24 have given
the country of origin where 14 (88%) patients of ddtients were migrated from
eastern African countries like Kenya, Uganda, S@amdlanzania, and Ethiopia and
West African countries like Liberia and the Con@opatients of 16 patients have

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

years®?
2.4 Molecular characterization of Der matophytes.

Physiology and feeding are less important in tradél dermatophyte
classification than gross and microscopic appearaftowever, because of their
overlapping characteristics, unpredictability, giidomorphism, identifying isolates
has proven difficult. To go beyond traditional teifues of identification, many
chemotaxonomic procedures have been developed a@tablish interspecies
relationships. Disc electrophoresis of culturedtié protein&® pyrolysis—gas—liquid
chromatography for fatty acid analy$3®¥ polyacrylamide gradient gel
electrophoresis of total cell protein extracts Zgmogram pattern€> and isoelectric
focusing of somatic extracts in thin-layer polydamgide gels are among théff®”
The investigation carried out by Davidson et ald athown the base content of
chromosomal DNA from 55 isolates of dermatophytgsesenting 34 species using
CsCl density gradient centrifugatiGf. All dermatophytes speciedicrosporum,
Trichophyton and Epidermophytop examined had G+C content that fell within a
short range of 48.7 to 50.0 mol%. And suggested deamatophytes have great
overall phenetic and genetic similarities, its slasations based on present
phenotypical features cannot be entirely justifiedllowing that, taxonomy of the
three dermatophyte taxa was determined using DN#dhogy by Davidson and
Mackenzie® purified DNA from ten isolates reannealed by hyyapatite
chromatographyT. terrestreis the only exception, showed less similarity wih
benhamiadT. mentagrophyt¢ésandT. rubrum DNA homology values of 65 to 80 %

corresponded to species within a genus in 25% a@n@bo2respectively, and Their
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findings were in accordance with existing categation system, notably in speciating
different genera, whereaé. incurvatum (M. gypseur)) which shown lowered
similarity with M. canisof 28 %. The results of DNA hybridization betwe&strains
of T. rubrum and A. benhamiaeshowed a close relationship of 73% and 76 %
respectively. Mitochondrial DNA was used for theentify taxonomy as genetic

marker during 1986#°0.101)

Twenty twoT. interdigitaleisolated in Japan was investigated for its refatio
with otherT. mentagrophytesomplex by analyzing restriction enzyme like Hgell
Mspl, and Hindll"%? They found T. interdigitale and T. mentagrophytesvere
showing close relation to th&. vanbreuseghemwhen compared when restriction
profiles of their T. mentagrophytesar. interdigitale isolates with A. simii A.
benhamiagandA. vanbreuseghemiA. simii shown the different restriction profiles
from A. vanbreuseghemii®ispl and Hindlll andA. benhamiaevas different from
the other species and to identify the taxonomimections ofTrichophytonspecies
and create a sequence diverse based phylogenetc¢ tesearchers utilized 5
endonucleases which includes Haelll, Mspl, HindXlbal, and Bglli®®® Seven
groupings ofTrichophytonspecies were identifiedl. rubrum was divided into 2
groups group | and group Il, group | was found &rbore closer té\. benhamiae
genetically when compared to group I, further Risan and Mackenzie reporteél.
benhamiaeand T. rubrum were having 76% similarity in the DNA homology.
mentagrophytesar. erinaceiwas closely linked té\. benhamiaeSimiller restriction
pattern was shown b¥. rubrumtype II, T. tonsurans and A. vanbreuseghemii
suggesting that they are related or identical. Adiog to Ajello et al., T.
quinckeanum(T. mentagrophytewvar. quinckeanumn and T. schoenleiniishowed

restriction profiles comparable td. vanbreuseghemiiPleomorphic strains were
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identified via mtDNA analysis. The authors camethie conclusion that traditional
taxonomy based on morphology does not always maéshults from mtDNA

restriction profile research.

Walberg et al. (2006) examined clinical specimemsnf 346 patients with
suspected onychomycosis using 18S PCR, sequenandy,database searches in
tandem with standard agar cultf®) Using the ribosomal DNA (rDNA) gene
complex in fungus to signify gene order and theitfwss of the internal transcribed
spacer, Yang et al. in 2008 developed a nested &fpRoach that can be utilized
directly on clinical samples and enhanced sensitikétection (ITS§*°® Through the
amplified products of the ITS1-5.8 SrDNA-ITS2 areddirhendi et al. 2008
investigated the use of PCR followed by enzymaitiestion for differentiating oT.
rubrum andT. mentagrophyte4®® Mirzahoseini et al. 2009 developed a PCR-RFLP
analysis of the PCR-amplified ITS region of rDNArfdast identification of
dermatophytes in clinical specimens, as well asatestnating that this approach was
a quick and accurate method for identifying majathpgenic dermatophytes. Using a
common reverse primer and two distinct forward jgrisnp Malinovschi et al. in 2009
designed the PCR reactions to be efficient understme PCR processes, allowing

the detection of two fungi from one reaction volufif®

Rezaei M et al. in 2012 used the universal fungehgrs ITS1 and ITS4 to
amplify the ITS1-5.8S ITS2 region of rDNA from vans dermatophyte species and
digested the PCR followed by Mval-RFLP was showrbéoa helpful and reliable
method for identifying and distinguishing many paglnic species, and it could be

utilized for fast screening of even closely relatiedmatophyte speci€d®
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2.5 Antifungal susceptibility Testing:

In 1958 Genetles have demonstrated the griseofwrah therapy in guinea
pigs by experimental dermatophytosis, revolutiodidermatophytosis treatment and
was the first significant change in tinea capiteatment since Sabouraud's wf¥
Dermatophytoses usually respond well to topicaif@mgal treatment, however it
might be ineffective for severe infections/infeaoinvolving the nails or scalp,
which necessitate the use of systemic antifunganig The vast majority of
antifungals are fungistatic, with skin concentrasi@achieved when applied topically;
dermatophytes grow more slowly and are eliminat@t skin renewal, resulting in
recovery’® However in the dermatophytosis the infected nailcase of tinea

unguium will not respond to the antifungal ageft.

Since past few years the recurrence of dermatopisytbas observed by many
researchers, which have developed resistance tdinebu used antifungal

medications.

The amount, location, and clinical type of infeatimust all be considered, as
well as the etiologic agent, the antifungal's spewrtof activity and pharmacokinetics,
any potential pharmacodynamic drug-drug interastiadverse effects, cost, and a
risk/benefit analysis. Azole antifungal medicatioaduce the synthesis of ergosterol,
a major component of fungal plasma membranes, Hipitmg the cytochrome P-450-
dependent enzyme lanosterol demethylase azoleuagéf medicines with two or
three nitrogens in the azole ring are classifiednadazoles (e.g., ketoconazole and
miconazole, clotrimazole) or triazoles (e.g., ketmzole and miconazole,
clotrimazole) in clinical use (e.g., itraconazoledafluconazole). Triazoles have a

wide range of applications in the treatment of bsdiperficial and systemic fungal
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infections, whereas imidazoles are only used fgedicial mycoses. Triazoles also
have a greater affinity for fungal cytochrome P-&52ymes than human cytochrome

P-450 enzymes, which contributes to their improseféty profile*1%1)

Triazoles (itraconazole and fluconazole), imidagolgketoconazole),
allylamines (terbinafine), and griseofulvin havelaen proven to be effective against
dermatophyte§®*'?Recurrent dermatophytosis might be seen in caseeafment
failure and the in vitro antifungal susceptibiliigst can assist us in overcoming the
problem, selecting an appropriate antifungal draggd optimizing tinea infection
therapy. Many of scientific report evident the gaedult of MIC even though there is
no standard susceptibility protocol is availabler fmany of the antifungal
agents!3190ther reasons like poor adherence to treatmeetpiisteroid, medicine
taken by oneself, and resistance to antifungalteayenthe factors contributing factors
for the current danger situation. In recent yebndia has seen a number of instances

with unique, atypical, and chronic/relapse/recedcit manifestatiorts>).

The mechanism of antifungal resistance, in vivareation and invitro tests
for susceptibility of antimycotic agents for derwmaitytes, have not been well
investigated. There is currently no breakpoint ttaat be used to lead us to antifungal
treatment. Relapse is prevalent during tinea ungufeatment*® and it is linked to
terbinafine resistance to some extéHt*® For T. rubrumisolates, terbinafine drug
resistance and higher MIC of drug was reported hykiMriee et al. to observe
significant relationshift!” In those isolates, they discovered leu393Phe and

Phe397Leu substitution due to squalene epoxid&eg&he mutatioft:81%
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Onychomycosis instances that did not react to &bbitors (allylamines) have
been recorded, even with low MIE&29Dermatophytosis is often treated with the
triazole and imidazole groups of medicines. In deophytes, azole resistance has

recently been discovered developed fluconazolestaasie inT. rubrumisolates in

19% of case&?1??)
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3.0METHODOLOGY

Present study was conducted in Siddi residing aefféorth Karnataka Region
in Uttar Kannada, Belagavi and Dharwad District&afnataka, India during the year
2015 to 2017. Samples were collected by conducskip camps, visiting directly
Siddi residing area and in coordination with Didthiealth authorities. (Annexure No
6) Patients belong to Siddi tribal community withnically suspected superficial

infection was enrolled in the study.

Sample size 1000 samples was estimated using theulls N=ZoXpaq/d,
since there is no data on community based on funfgdtion prevalence in this part
of Karnataka, it was assumed to be 50% (p), contidanterval of 99% and absolute
error of 4% (d) were considered. Patient belongsSitdi tribal community with
superficial infection and all age group of both s&s enrolled in the study. Pregnant

women and patients with conditions like leprosglses and psoriasis was excluded.

A total of 1004 samples from 937 patients were iobth with superficial
infection Patients were examined for superficidieation and Samples like Skin
scraping, Nail and Hair samples were collected déimg on site of infection as per
standard protocol. Further all samples were shipeed/licrobiology department,

Jawaharlal Nehru Medical College, Belagavi, Karkatdndia.

Questionnaire was prepared (Annexure No 2) usirgstipn about age, sex,
previous fungal infection, animal contact, soil tam, infected human contact,
seasonal variation, type of house, type of familye clinical examination was done
by observing site of the lesion, type of lesion, Itiple infections, presence of

spreading erythematus lesion, type of onychomycd&s proximal subungual
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onychomycosis, distal lateral subungual onycomy;osivhitish subungual
onychomycosis, endothrix, total dystrophy of naitlenyperkeratosis in infected nail

was observed.

The KAHER'’s institutional Human Ethics Committee vgatheir ethical
clearance (Annexure No 1) (Institutional Ethicale@ance Reference Number
KLE/Ethic/2015-16/D-51). Singed informed consenhf@&xure No 2) was taken from

patient or patient guardian after interviewing plagient.
3.1 Specimen collection:

Skin, nail and hair samples were collected asdptideom patient with
superficial infection. All equipments were disinfed with 70% ethanol and dried
before use. Samples were collected in sterile btzsokl sheet paper with required
patient details and kept in zip lock bag and transg to the laboratory for the further

process.
3.1.1 Skin sample:

Patient skin was disinfected with 70% alcohol befoollecting the sample.
Using the blunt ended scalpel the active side @f lsion was scraped, and a
significant volume of material was obtained. Ineca$ insufficient sample sticky tape
was pressed on the lesion and transferred to gléds for transportation to the

laboratory®
3.1.2 Nail sample:

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

gathered with a sterile nail cutter. Discoloredtayshic or brittle nail was collected
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from the infected area. Nail sample was collectgddaching as far as possible from
the free edge and full thickness of the nail watuided. In case of superficial whitish
onychomycosis scraping from the white spot wasectdld after discarding the upper

most layerg!?*29
3.1.3 Hair sample:

Infected hair sample was selected and collecteckimpving those completely

using epilation forceps. Scraping was collectechvialunt scalpel blade. Specimen

should contain hair stub, plugged follicle and stdales??

Fig 3.1: Sample collection
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3.2 Sample transportation:

Sample was transported to the laboratory in stéiidek card sheet kept in
leak proof zip lock bag and transported at norrnaht temperature and stored in the

laboratory at room temperature at 15-30
3.3 Direct Microscopy:

All specimens were subjected to direct microscapgde the fungal element
in the specimen using potassium hydroxide (KOH) moKOH is a powerful alkali
that is used to clean specimens so that fungusb@ajpserved. Two to three drops of
KOH were combined with the material on a clean geefaee glass slide, which was
then covered with a sterile cover slip and examineder a microscope with a low
power (10x) and a high power (40x) objective lemsheck if fungal hyphae were

present?
3.3.1 Nail Samples:

Nail fragments are treated with 10-30% KOH and bated at room 15-3@C
for 30 minutes. When the nails are digested 2doo®s of mixture was transferred on
grease free clean glass slide and cover with a&ess cover slip without forming any
air bubble. Excess KOH was removed by blotting abhderved for fungal filament

under microscope using 10x and 40x objective lenkl®x eye piece.

Observation: Arthrospores are arising from fragrednityphae forming the
rectangular spores which are the characteristiatufe of dermatophytic infection.

Arthrospore formation cannot be seen in other minflettion of naif?®.
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3.3.2 Hair sample:

Hair samples collected and cut into 5mm above dlo¢ then treated with 20%
KOH. Incubated at 15-3@ for 20 min. 2 to 3 drops of the mixture is placeticlean
grease free glass slide and covered with cleanr@yewithout forming air bubble,
excess KOH was by blotting and observed for fufitghent under microscope using

10x and 40x objective lens and 10x eye piéte.

Observation: Arthrospores are seen and their arrangements ge Ethrospores

(Endothrix), small arthrospores (Exothrix) and faxype of infectiorf?®

3.3.3 Skin sample:

Skin scraping is treated with 10% KOH for 20 min1&t30C and observed

under microscope using 10x and 40x objective {&hs.
Observation: branched mycelium with or without arthrospores seen.
3.4 |solation of Dermatophytes:

Samples were inoculated on two sets of tubes oméaitting Sabouraud’s
Dextrose Agar (SDA) with antibiotics (Containing cmjogical peptone 10 G/ml
Dextrose 40G/ml and Agar 15G/ml with Chloramphehiemd Cycloheximid8.
Sabouraud’s Dextrose Agar with antibiotic is useat ®elective isolation of
pathogenic fungi from highly contaminated area Igéen, hair and nail samples.
Chloramphenicol inhibits the bacterial contaminatiehereas Cycloheximide inhibits
many saprophytic contamination. Part of the samy@e also inoculated on another
tube containing plain Sabouraud’s Dextrose agan{&ning mycological peptone 10

G/ml Dextrose 40G/ml and Agar 15G/rf{j>®#)
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3.4.1 M acr oscopy:

All isolates were studied macroscopic characteristithe colony e.g. Rate of
growth, surface texture, consistency, pigment pctdo on both front (forward) and
reverse of the tube and whether produced coloust 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 thdentification. Areal
mycelium was taken with the help of sterile inotiola loop and needle on a clean
grease free glass slide with lacto phenol cottare bWith the help of two sterile
teasing needles mycelium was teased smoothly, obeaerslip placed on lacto
phenol cotton blue stain (LPCB) excess stain wamatbdl and observed under
microscope using 40x objective lens. Identificatimas made based on type of

microconidia and macroconidia and hyphal arrangeffi&n
3.4.2.2 Tapetechnique:

Take 2 cm long cello tape touch sterile forcepskstin one of the tape and
touch lightly the colony with the sticky end of ttege. Place the tape with the surface
containing on lacto phenol cotton blue on clearsglslide, detach the tape from the

stick. Observe under microscope using 40x objedtius.

Slide culture: slide culture was done when everetheas difficulty in
identification of non sporulating moulds by teaseumt. Cornmeal agar, potato

dextrose, and other nutritionally deficient mediarevemployed to boost sporulation.
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A filter paper, V or U shaped glass rod, microscagide, and cover slip were placed
in a 100 mm glass petridish, and the entire setap wovered in craft paper and
autoclaved at 121C for minutes. Aseptically cut 1 cm square agacks from CMA

or PDA were transferred to the glass slide in #tes a small amount of colony was
inoculated on four sides of the agar block, a caligrwas placed on the inoculated
agar block with the help of sterile forceps, an 1.5 ml of sterile water was added
to the pertridish without disturbing the agar blokater keeps the agar block moist
and prevents it from drying out. We also can ad20% glycerin to sterile water
which prevents the condensation of moisture ongthss slide. Incubate the setup at
15-30C in dark place. When mature conidia or sporeshserved slide culture will
be ready to take down and observe under microscApldtle quantity of LPCB
(mounting medium) is put on a clean glass slide, d¢bver slip is gently removed
from the agar block using sterile forceps, anddide is swiftly passed through the
blue section of the flame to heat fix the fungud apores (over heating can damage
or collapse the hyphae). Place the coverslip chiyefun mounting medium without
forming any air bubble, wipe the excess stain (niagrmedium). Use nail polish to
seal the edge. After removing the agar block from dpparatus, a second slide may
be made from the tiny slide. Apply a drop of LPCBtbe cover slip and seal it with

nail paint. Observed using a 40x objective lensenradmicroscop€&® 24125

Urease test: Urease test is done to differentied.tmentagrophytes from T.
rubrum asT. metagrophytes produces urease enzyme and has the ability toolygdr
urea and shows urease test positive wherd.aslbrum shows negative result.
Christensen’s urea agar slant is used for the eréast, isolate was inoculated in
urease media and incubated at 18c360lor change from yellow to pink indicates the

positive result?®
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3.5 Antifungal susceptibility testing:
3.5.1 Microdilution technique:

This study was performed on 102 dermatophtes B®ldhcluding T.
mentagrophtes, T. rubrum, T. tonsurance, T. terestreae andM. gypseum. All isolates
were inoculated in distilled water and maintainédo@m temperature before testing
and subcultured on PDA and incubated &C2fr two weeksCandida parapsilosis
ATCC 22019 was used as controlled strain. Brothronéilution for all study isolates

was performed.
3.5.2 Antifungal agent:

13 different antifungal drugs obtained from mantdeer viz. sertaconazole,
terbinafine, naftifine, miconazole, luliconazoleiclopiroxolamine, ketoconazole,
clotimazole, 0.00781to 4ug/ml for voriconazole, itraconazole, amorolfine,
fluconazole and griseofulvin were tested againstlysisolates, all antifungal agents
were dissolved in distilled water except ketocomazwhich was dissolved in
dimethyl sulfoxide. Twofold serial dilution was defrom stock solution to get a final
concentration ranging from 0.0156 tu&ml for sertaconazole, 0.0156 tqu@/ml for
terbinafine, 0.03125 to 1@/ml for naftifine, , 0.03125 to 1@/ml for miconazole,
0.03125 to 1@g/ml for luliconazole, 0.03125 to f§/ml for ciclopiroxolamine,
0.03125 to 1pg/ml for ketoconazole, 0.03125 toigml for clotimazole, 0.00781to
4 ug/ml for voriconazole, 0.00781to y/ml for itraconazole, 0.00781toy/ml for
amorolfine, 0.125 to &/ml for fluconazole and 0.25 to 128g/ml for

griseofulvin®2"128)
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3.5.3 Preparation of Inoculum:

Inoculum was prepared from 7 days old growth on PRwgal growth was
treated with 2 to 3 ml of normal saline, and swfad the colony is scraped with
sterile 1ml micropipette tip to get the mixture foingal hyphae and conidia, the
mixture was transferred to sterile tube and incedbatt 28C for 20 minutes. Optical
density of the mixture containing fungal hyphae andidia was read at 530 nm and

transmittance was adjusted to 65-70% (2-4x10cdll3)i?"12®)

Inoculum is mixed with Roswell Park Memorial Instgé (RPMI) 1640
medium to get the final concentration of approxieha#-5x104 cells mE. 10Qul of
Mixture is inoculated in micro titer plate contaigi 100ul serially diluted antifungal

drug of specific concentration and incubated 4€389129
3.5.4 Results Reading:

MIC: The lowest dosage of an antifungal drug that/pnts the organism from
growing which can be visually detected. The amairthe growth can be compared

with the amount of the growth in the negative cointr

For flucytosine and azoles like fluconazole and&ehazole slight turbid end
point is allowed above the MIC which improved the&erlaboratory agreement. When
compared to the growth of the control (drug freepdm, turbity permitted

corresponds to develop at a rate of 50 % or moregesi

The lowest medication concentration that stopsais/iobservable growth by
100 % is interpreted as the MIC for itraconazold aovel triazoles, posaconazole,

ravuconazole, and voriconazétéd®29
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3.6 Molecular Characterization
3.6.1 Purification of fungal DNA:

Purification of fungal genome was done by phendomiorm method.
Isolates were grown on SDA at€8for 7 days. Mycelial mat of fungal growth was
transferred to the sterile mortar aseptically, #igdid nitrogen was added to the
mortar containing mycelia mat and grained quickiynmtake powder. 600 pl of lysis
buffer (100 mM TrisHCI [pH8.0], 50mM EDTA, 3% SD&yded to the mixture and
transfer to a micro-centrifuge tube. Add 1.4ul pnodise k (20mg/ml) and incubated
at 56C for 30 minutes in water bath. Mixture was transfé to sterile microfuge
tube and added 650 pl of phenol chloroform (1:1J eentrifuged at 12000 rpm for
15 minutes, top aqueous phase was transferred diineanmicrofuge tube without
disturbing the interphase, an equal amount of ofdom isoamyl alcohol (24:1) was
added, and the mixture is centrifuged for 5 minwed2000 rpm. Upper aqueous
phase is transferred into a fresh sterile tubed™L{blume of sodium acetate and two
volumes of chilled ethanol was added to allow ti¢ADXo precipitate, gently invert
the tube by mixing the content incubate the tultes & C overnight. Centrifuge the
mixture at 12000 rpm for 1-5 minutes, discard tiggesnatant and the deposited pellet
are washed with 70% ethanol. Allow the pelletsrpat 37 C till ethanol evaporates
completely. Resuspend the pallets in 50ul of ti¥FE buffer (TE buffer). The DNA
is allowed to dissolve at least for 6 hours. 1pRéfase is added and incubated &t 37

C for 30 minute$t?9*29)
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3.6.2 Quantification of DNA:

Purified DNA was checked for its purity and concation by NanoDrop 2000
spectrophotometer. Blank was adjusted using lutiosl (TE) buffer before
measuring to ensure accurate result, once the idaadfjusted 1l sample was placed
on the NanoDrop 2000 sensor. Concentration was unedsand displayed on the
computer screen. Purity of the extracted DNA wassueed by 260/280 ratio. For
DNA 260/280 ratio should be in the range of 1.86-far RNA 260/280 ratio must be
above 2.0 Contamination by residual phenol, guamidior the other reagent
employed in the purification process is indicatgdalm abnormal 260/280 ratio. The

260/280 ratio may change if the nucleic acid coniemery low!
3.6.3 Polymer ase chain reaction:

The universal primers ITS 1 and ITS 4 were usea imiplex polymerase
chain reaction (PCR). Each dNTP is at a concentradf 200uM, each primer is at a
concentration of 25 pmol, Taq polymerase is atrecentration of 1 U1, Taq buffer
is at a concentration of pl, and template DNA is at a concentration of {@l0To
make the final volume of 50 |, nuclease-free wateis added, and the PCR was
performed using an Eppendorf thermal cycler. PCRI#ication was carried out with
initial denaturation at 9€ followed by 35 cycles of annealing af66for 30 seconds
and extension at 7€ for 1 minute. Final extension was done afC7Zor 10
minutes®*?
3.6.4 Gel electrophoress

Gel electrophoresis was done to see the presenédCBf products and to
verify the length of the DNA molecule, DNA molecutee gel was separated

depending upon the size of the molecule. The diegliproducts were seen on
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agarose gel of 1.5% stained with ethedium bromfdgarose gel was prepared by
mixing in 1x Tris-Acetate EDTA buffer (TAE) buffed0 mMTris base, 40 mM
acetic acid, 1mM EDTA) and stained with ethediurorbide (final concentration is
0.5 ug/uL). The PCR products and the molecular size maf&et uL) was stained
with methylene blue (loading dye) and loaded iht® agarose gel ran at 100 volts for
45-60 minutes until the line covers approximateédy-780 % of the way down the gel.
Gel is visualized by Alpha-Imager® HP (Multi imatight cabinet), Alpha innotech

and the picture was taken with the help of Alphader softwaré&>®
3.6.5 DNA Sequencing:

ITS 1 and ITS 4 primers were used to perform secjugnPCR for both
strands. BigDye Terminator Cycle sequencer kitivar8.1 and ABI 3130 genomic

analyzer used to perform purification and analyAjgplied Biosystems).

Sample was resuspended in 10ul HiDi (Formamide igeav by AB). The
pallets were mixed properly and subjected to shist and incubated at 3T for 15
minutes. Again pellets were mixed proper by tappwmith short spin. Reaction
mixture was treated at 98 for 15 minutes and rapidly chilled in ice for fnutes.

Load the sample into 96 wells plate as per the destription in the workshe&t®

ITS sequence were analyzed using NCBI BLAST totip@/blast.ncbi.nim.nih.gov),
Westerdijk Fungal Biodiversity Institute CBS databa

(http://www.westerdijkinstitute.nl/ Collections/ @boMICSSequences.aspx) and the

International Society for Human and Animal Mycolog\sHAM) ITS database

(http://its.mycologylab.org/BioloMICSSequences.gspx
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3.6.6 Phylogenetic analysis.

The Clulstal X2 programme was used to align theusrges utilizing the
multiple sequence alignment method. Version 7 & tolecular Evolutionary
Genetics Analysis programme (MEGA-7) was used fmexthe sequence alignments
(MEGA-7). The Kimura 2 parameter model with neighfmning was used to create
a phylogenetic tree with 1000 bootstrapping itera'*¥3% Factorial analysis was

carried out using distance matrix generated by DARseftware 6.0.183%
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4.0 RESULTS

4.1 Basic Clinical data:

We have tested 937 Siddi patients for superfiaialghl infection, generating
1004 samples in total. During the years 2015 to72@ample collection was carried
out from the Siddi population by holding health g@mphysically visiting the Siddi
dwelling region, and working with the Uttar Kannadistrict health officials. Skin
scrapping (n=382), hair (n=244) and nail (n=378hles were taken from suspected
patients belongs to Siddi ethnic group. 478 werteraad 526 were female, majority
of the patients were female (52.4%) compared ter¥al.6%) with median age of 31

years with the interquartile range of 13 to 50 gear

Page 51



Results

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
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4.2 Occupation wise distribution:

Among 937 Siddi patients suspected for superfitiabal infection most of
the patients were uneducated (73.7%) the infeciommonly seen in farmers

(47.1%) followed by students (20%), and daily wid®ors (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.

B <5 years Children

W Farmer

u Daily wage labor

B Government employee
M Private employee

H House wife

m Student

4.3 Distribution of Clinical Manifestation:

Tenia unguium (35.6%) was the commonly encounteliectal type followed

by tiniea capitis seen in 29.7%, tinea corpori2%, tinea cruris in 8.5%, tinea

faceae in 1.8%, tinea pedis in 1.6% and tinea manudri7 %.
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Fig 4.3: Distribution of clinical condition
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Tinea unguam was commonly seen in more than 15 yafasge followed by
tenia corporis whereas in below 15 years of ageaticapitus commonly seen

infection followed by tenia unguium and tenia caigs.

Fig 4.4: Age and clinical condition wise distributon of dermatophytes.
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4.4 Basic Laboratory Identification:

Out of 1004 sample collected from 937 patients (I215%) sample have
shown culture positive and 193 samples were pesitiy direct microscopy, The
majority of the patients (n=48, 53.33 %) were fean&8.5 years was the median age
[IQR 15-40 years]. Agriculturists accounted for tmajority (n=39, 43.33 %), with
students (n=21, 23.33 %), field workers (n=17, 8898), office employees (n=11,
12.22 %), and others (n=2, 2.22 %) following clggsthind.

The majority of the patients (n=75, or 83.33 %) leadingle site lesion.
Patients with multiple site involvement accounted I5 (16.66%) of the total. Tinea
unguium (n=24, 32%) was the most frequent isoldt=ion, followed by tinea
corporis (n=23, 30.66%), tinea capitis (n=23, 30p6tinea cruris (n=4, 5.3%), and
tinea pedis (n=1, 1.33%).

The tinea corporis and tinea cruris combination6(n40%) was the most
prevalent among patients with multiple site invohent, followed by tinea unguium

and tinea corporis (n=5 33%).

Fig 4.5: Distribution of clinical features in culture positive isolates.
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Fig 4.6: Clinical case of dermatophytosis
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Spreading and erythematous lesions were observetb i60.0%) and 27

(30.0%) of the patients, respectively. Only 28 {31%) of the patients had pigmented

lesions.
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Fig 4.7: Distribution of clinical features in tineacorporis cases.
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In 15 (16.66%) of the patients, the infection reedror relapsed. Only four

patients (4%) were able to provide precise corterogds dosages while using a
combination of antibacterial and antifungal medaz (Candid B, ltch-guard and

Betnovate). Previous contact with an infected huraaimal, or soil was reported in 6

(6.66%), 43 (47.7%), and 56 (62.2%) of the cas=pectively.

Fig 4.8: History of infection source contact.
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Lesions lasting 1-2 months were found in 25 (2724)7of patients, whereas
infection lasted from 2 to 6 months in 23 (25.55 @bpatients, and infection lasted
from 6 to 12 months in 25 (27.77 %) of patientswedwer, 17 individuals (18.88%)
admit to having had an infection in the previougears. Only 5 (5.55 %) of the

patients had diabetes mellitus.

Fig 4.9: History of duration of infection
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In Onychochomycosis Proximal subungaual onychomgcass commonly
seen clinical condition in 66.66% cases followed Dystal lateral subungual
onychomycosis was seen in 12.12%, Total dystroghyad in 18.18% and Whitish

superficial onychomycosis in 3%.
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Fig 4.10: Clinical features distribution in tinea utnguium cases.
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T. mentagrophytes complex (67.64 %) was the common causative agent,
followed byT. rubrum (25.49 %),T. tonsurans (2.94 %),M. gypseum (2.94 %) and.
terrestre (1, 0.98 %), were the most common agerits.mentagrophytes was
commonly seen in tinea corporis and tinea cap0s4@), followed by tinea unguium
(26.1%) and tinea crurisl. rubrum was commonly seen tinea unguium (46.2%)
followed by tinea corporis and tinea cruris (19.28b)d tinea capitus (15.4%.
gypseum was seen in tinea corporis, tinea capitus ané timguium,T. tonsurans was

seen in tinea corporis and tinea unguildirterrestre was seen in tinea unguium.
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Table 4.3: Distribution of etiological agent in thestudy.

Results

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 thestudy.
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Table 4.4: Distribution of dermatophytes in different clinical condition

Tinea Tinea Tinea Tinea Tinea

capitus pedis unguium cruris 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 ofT. rubrum

Fig 4.15: Microconidia of T. mentagrophytes
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The tinea corporis and tinea cruris combination6(n40%) was the most
prevalent among patients with multiple site invohent, followed by tinea unguium
and tinea corporis (n=5 33%). Spreading and ery#teus lesions were observed in
45 (50.0%) and 27 (30.0%) of the patients, respelgti Only 28 (31.11 %) of the
patients had pigmented lesions. In 15 (16.66%hefgatients, the infection recurred
or relapsed. Only four patients (4%) were able tovigle precise corticosteroids
dosages while using a combination of antibacteaatl antifungal medications
(Candid B, Itch-guard and Betnovate). Previous aonwith an infected human,
animal, or soil was reported in 6 (6.66%), 43 (44¥),7and 56 (62.2%) of the cases,
respectively. Lesions lasting 1-2 months were foim®5 (27.77 %) of patients,
whereas infection lasted from 2 to 6 months inZ835 %) of patients, and infection
lasted from 6 to 12 months in 25 (27.77 %) of pdte However, 17 individuals
(18.88%) admit to having had an infection in theyoous 5 years. Only 5 (5.55 %) of

the patients had diabetes mellitus.

Fig 4.16: Distribution of dermatophytes in differert clinical condition
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Candida species was the commonly seen non dermatophytic fungi7ri 56
of cases followed byAspergillus species 21.4%, Fusarium species 17.9% and
Cladosporium halotolarence 3.6%. Candida species (87.7%), Aspergillus species
(100%) andFusarium species (83.3%) was commonly seen in Tinea unguium,
whearagCladosporium halotolerence which is considered as indoor fungus was seen

in tinea capitus in twins on repeated sample codlac

Table 4.5: Distribution of Non Dermatophytic fungiin the study population

Tinea capitus| Tinea unguium  Tinea corpofis
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 fungiin the Study population
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Fig 4.18: Table Distribution of Non Dermatophytic ungi in the Study population
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4.5 Molecular characterization of suspected rare fogi:
4.5.1Trichophyton rubrum:

Two dermaphytes isolates from the have shown mioms and macroscopic
appearance of African origin fungi. One isolate whtained from a 9 years old child
with tenia capitis since from one month and withemgthema. He also had a history
of dirt and animal exposure. The fungus producstba-growing, flat, white colony
with a suede-like texture, which eventually becamaow-orange in colour. Conidia
were not visible under the microscope.

Another isolate was slowly growing, with coloniesaxy glabrous white
without conidia after 9 days which was isolatednfra 14 year old girl since one
month suffering from onychomycosis who had a histfr contact with animal and

soil.

Both the isolates were amplified using the pan &ipgimer ITS 1 and ITS 4
amplification was seen in length 690bp (Fig:4.2®r fboth suspected rare
dermatophytes. Both the isolates were sequencébSategion and identified as.
rubrum using molecular tool like NCBI BLAST. The sequedatata was submitted
in the NCBI Genebank with accession number MT28022W MT280226.
Phylogentic analysis of study isolates was caroietwith standard isolates retrieved
acquired from the NCBI database [T. CBS 374.92 (NR901),T. violaceum T.
soudanense IHEM 19751 (NR 1559487. soudanense IHEM 19751 (NR 1559487.
soudanense IHE T. rubrum CBS 392.58 (MH857821) and. rubrum CBS 392.58
(MH857821) T. mentagrophytes was taken as out group (KY761968). rubrum
standard strain was found to be grouped with boitlysisolates (Fig: 4.21). Factorial
analysis both the suspected rare isolates was wking the DARwin software 6.0.12

which clearly showed grouping of isolates withrubrum (Fig: 4.22).
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Fig 4.19: Growth of suspected rare dermatophytes o8abouraud Dextrose Agar

Fig 4.20: Agarose gel electrophoresis of suspectete dermatophytes Lane 1 &

2: Suspected rare dermatophytes and 3[. rubrum
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Fig 4.21: Phylogenetic analysis of suspected rarenatophytes.
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Fig 4.22: Factorial analysis of ITS sequence of spscted rare dermatophytes
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4.5.2Cladosporium species

Non Dermatophytic moul@ladosporium species was identified in 7 years old
twin patients with tinea capitis infection lesidnee one year. Greenish colony was in
with velvety surface. Conidia were ovoidal and terah with unbranched cylindrical
conidiophores. PCR and Sequencing was performed) 51 and ITS4 pan fungal
primers and identified a€ladosporium halotolerans and submitted to NCBI Gene
bank (accession number MT588811 and MT588810). dejeyitic analysis was
carried out using theCladosporium reference stainsCJadosporium halotolerans
(LN834374, LN834375 and DQ780364),. angustisporum (LN834356), Cl.
asperulatum (LN834357), CI. 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 tBle halotolerans Reference strain (Fig: 4.26).

Fig 4.23: 7 years old twins with Tinea capitis infetion
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Fig 4.24: Growth of Cladosporium species on Sabouraud Dextrose Agar

Fig 4.25: Agarose gel electrophoresis showing th@galication of Cladosporium

spp Lane 1&2: Cladosporium halotolerence

Ladder 1 Indilar

[—— 500 bp
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Fig 4.26: Molecular Characterization ofCladosporium Species.
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4.6 Molecular Typing of Trichophyton mentagrophytes

Molecular typing of phenotypically identified 51 presentative T.
mentagrophytes isolates (Ref Table: 4.13) were carried out byuseging the Internal
transcribed spacer (ITS) regioRhylogenetic analysis of study isolates along with
different ‘ITS Types’ ofT. mentagrophytes [Type | (KC595991), Type Il (KP308375
and AJ270790), Type IIl (KJ606099), Type IV (AF1523, Type V (KJ606098 and
KT253558), Type VI (MK722518), Type VIl (KT253558Yype VIII (KY761968)

and Type IX (MK447613)vas done further phylogenetic analysis have shaiiihe
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study isolates have clustered with fhiementagrophytes type VIII (Fig: 4.28). To
confirm the genetic relatedness seen in the gedeticlogram the factorial analysis
was carried out, which is a different approachrtalyze thespecies relatedness which

clearly grouped the study isolates withmentagrophytes type VIl and separated all

other genotypes (Fig: 4.29).

Fig 4.27: Agarose gel electrophoresis df. mentagrophytes Lane 1-9: “T.

mentagrophytes type VIII”
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Fig 4.28: Neighbor—joining (NJ) derived dendrogramof internal transcribe

spacer (ITS) gene based sequences. Allmentagrophytes isolates have clustered

with T. mentagrophytes ITS genotype VIII
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Fig 4.29: Factorial analysis of ITS sequence of 5L mentagrophytes study

isolates withT. mentagrophytes genotype I to IX

Factonial analyss: (bes 1/2)

T.mentagrophytes
type |, Il and 11l

T.mentagrophytes

tune IV V. VI VIl and

type IV, V, VI, Vil and .

IX 002 v
All study isolates

grouped with
T.mentagrophytes

geno type VIII

4.7 Antifungal susceptibility testing (AFST):

AFST of 102 isolates was performed against 13 @amgiil agents (terbinafine,
sertaconazole, itraconazole, amorolfine, voricofegzalotrimazole, ketoconazole,
naftifine, ciclopiroxolamine, miconazole, griseofun, fluconazole and luliconazole).
Azole like Voriconazole and itrconazole have shothe potent activity against
dermatophytes whereas in allylamine group terbieafivas more potent than

naftifine. Floconazole, terbinafine and nafifinevbashown the higher Mig value,
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whereas amorolfine, voriconazole,

itraconazole,jctumazole, ketoconazole and

clotrimazole have shown the low MgCvalues. The Migy of griseofulvine and

ciclopiroxolamine were 2 mg/liter while Migof miconazole and sertaconazole were

0.5mg/liter.

Table 4.6: MIC of 13 antifungal drugs against Derm#ophyte isolates

Antifungal agent | Number of isolates Range MIC| MICgo GM
Sertaconazol 102 0.0156-8 0.0312% 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 0.0563B6
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| 0.0312% 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 Derm#ophyte isolates.

No. of isolates with MIC (mg/liter) of

g
Antifungal agent % g g 2 § c‘i\." 9 0| ool
Sls|e|®|s|o|°
2
Sertaconazol 102 0 | 46| 17| 11] 10 2| 11 5 ( D D D
Naftifin 102| O | O | 44| 11| 3| 5| 3| 3 ¢ 10 ©
Terbinafine 102| 0 | 52| 8| 3| 3| 2| 9| 3 3 9 D
Miconazole 102 0 | 0| 47| 5] 15 23 13 O ( D 0 D
Luliconazole 102/ 0 | O | 32| 58 5| 6| 0O O 0 0 1
Ciclopiroxolamine | 102| 0 | 0 | 19] 1| 0| 0| 235 2( @ D 0 D
Viriconazole 102/ 68| 8| 23] 2| 0] O] 1] O G 0 0
Itraconazole 1021 28 | 20| 19| 25 4| 5 1 (@ @ ) D D
Amorolfine 102 56| 20| 26| 0| 0| O Of O q ) 0 O
Ketoconazole 10229 0| 25| 7| 10 29 1 O ( D 0 D
Clotrimazole 102 0 | O | 41| 11 13 29 7 (@ @ ) D D
Fluconazole 1022 0 | O O O] 30 8| 17 5 3 2 14 D
Griseofulvin 102/ 0 | 0| O O] O] 81 O] 1d @ ) D D
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Azoles like voriconazole have shown high potencwirgt all the isolatesT]
mentagrophytes (GM. 0.03mag/liter), T. rubrum (GM 0.010), M. gypseum (GM
0.007mg/liter)], T. tonsurans (GM 0.007mg/liter) Single isolatd. terrestre has
shown the lower MIC against voriconazole and anfim®l (0.0156mg/liter).
Allylamine group showed high Ml against T. mentagrophytes [terbinafine
(0.11mgl/liter and naftifine (0.49mg/liter)], andosted low MIG, againstT.rubrum
[terbinafine (0.021mg/liter and naftifine (0.0691itgt)], M. gypseum [terbinafine
(0.0156mgl/liter and naftifine (0.039 mg/liter)] and. tonsurans [terbinafine
(0.031mgl/liter and natftifine (0.049mg/liter)]. Flutazole shown the higher M§gin
T. mentagrophytes (16mg/liter), T. rubrum(8mg/liter) andM. gypseum (8mg/liter)

where as ciclopiroxolamine shown higher M§® T. tonsurans (1mg/liter).
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Table 4.8: MIC of T. mentagrophytes isolates (n=69) against 13 antifungal drugs

Antifungal gent MICso MICgo GM
Sertaconazol 0.03125 0.5 0.063096
Natftifin 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 MICso MICgo 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
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Table 4.10: MIC of M. gypseum isolates (n=3) against 13 antifungal drugs

Antifungal gent MICso MICgo 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 MICso MICgo GM
Sertaconazol 0.0156 0.03125 0.019665
Natftifin 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 ofT. 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 theeniyHC for terbinafine drug
(>1mgl/ltr). Three isolates have shown the MIC ofglltn, 7 isolates have shown MIC
of 2mg/ltr, 3 isolates have shown MIC of 4mg/ltrisBlates have shown the MIC of
8mg/ltr and 9 isolates have shown the MIC of >8ing/IAll 25 isolates shown
resistance to terbinafine wefe mentagrophytes complex. Most of the isolates which
shown higher MIC for terbinafine have also showghleir MIC for naftifine. Out of
25 isolates with higher tebinafine MICs 24 isolatesve shown higher MIC for

naftifine.
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The squalene epoxidase gene DNA sequences of dgynyde with higher
MIC was compared with the referen€ementagrophytes isolates sequence retrieved
from NCBI genebank with terbinafine resistance &ndwn mutation in the squalene
epoxidase gene (SE) with C1191A (MH618771 and MH&83 and T1189C
(KX906451 and KX906452) transvesionl.mentagrophytes (KX906458 and
KX906459) susceptible to terbinafine without anytations in the SE gene used as
control. Among 25 isolates with higher MIC for tarafine 4 isolates have shown

F397L mutation.

Fig 4.30: Mutation in SE gene of terbinafine resistnt T. mentagrophytes
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Table 4.13: NCBI Genebank accession number of studgolates

SI No Organism Name NCBI Gen Bank
Accession No

1. T. mentagrophytes 0OK354208
2. T. mentagrophytes OK354207
3. T. mentagrophytes MN83098

4. T. mentagrophytes OK354210
5. T. mentagrophytes OK354209
6. T. mentagrophytes MN 30978
7 T. mentagrophytes 0OK354203
8. T. mentagrophytes MN830984
0. T. mentagrophytes MNS830992
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

Page 85




Results

. mentagrophytes

22. 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 MNS8 30993
45. T. mentagrophytes MN830976
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. mentagrophytes

46. 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
>6. T. mentagrophytes squalene epoxidase gere Sug;ncl)zzlgz D
57.| T. mentagrophytes squalene epoxidase gerle Submission ID
2506064
58.| T. mentagrophytes squalene epoxidase gerfe Submission ID
2506064
59. Submission ID

T. mentagrophytes squalene epoxidase gen

2506064
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5.0 DISCUSSION

Dermatophytes are fungi that cause slow-movingctidas diseases in people.
This fungus is only found in a certain geographieajion®*® Dermatophytosis is
more common in persons with a low socioeconomicitipnsand poor personal
cleanliness, according to several epidemiologicesearchers®? Dermatophyte
distribution varies by area, and is impacted byaes such as climate fluctuation
and population socioeconomic leV&P It occurs more frequently in tropical and
subtropical areas, where dermatophytes thrive duefatorable environmental
circumstances. The dermatophytosis causative agspdctrum has shifted

dramatically during the last 100 years throughbetworld®®

Dermatophytic infection rates are growing by they,daccording to a new
study, as it has become one of the most prevatdattious illnesses with a global
distribution. Because there are numerous illnesstssimilar clinical signs, it is hard
to diagnose ring worm infection only on the basis clinical manifestations.
Dermatophytosis mimics the clinical characterisb€satopic dermatitis, seborrhoeic
dermatitis, contact dermatitis, psoriasis, candidertrigo, erythema and eczey)
it is diagnosis of tenia infection would be difflcin immune compromised patientss.
Because of the dermatophyte’s infectious natuie,jniportant to get a diagnosis as

soon as possibfé&®®

This study was conducted to evaluate the clinicartogical pattern if
dermatophytosis in Siddi tribal community who aesiding in Uttar Kannada,

Dharwad and Belagavi district of north Karnatakgioa. Total of 1004 cases of

Page 88



Discussion

superficial fungal infection were included to assethe clinical pattern of

dermatophytosis and see the presence of rare tic éxogi in the tribal community.
5.1 Sex wise distribution

Females (52.4%) were commonly affected comparechate (47.6%) more
prevalence of dermatohytosis in female may be duereduction in personal
inhibitions, a reversal of societal limitations,daa greater awareness of their own
well-being. In contradictory to the studies donethe other parts of native Indians
where male have the highest prevalence comparéeitale patients. A study from
south India shown female were more affected witteraad female ratio of and 2.7:1
and 1.6:1 and in north India study conducted hé&sve the male and female ratio of
and 4:1%%%7 Whereas study conducted by Kaaman and Torssai@88) have
shown 38% of dermatophytosis in male patiéfifsSimilar identification was found
by other investigators also, In Baroda, Singh ardra (2003) found 39.4 % of male
patients with dermatophytosi§®) Sandy (2008) reported similar results, with 210
positive diagnoses by direct inspection and 18Gtigesdiagnoses by culture out of
590 samples examined. Increased incidence of dephgtbsis in female might due
to most of the females are involved in agricultuaativity, daily wage work in the

village, poor hygiene and frequent sharing of cdtswel and other household”
5.2 Agewisedistribution:

Patients between the ages of 15 and 45 were theofien afflicted. Because
this group of patients is socially engaged, thenckha of them coming into touch with
infected persons are significant. They may alsatlyetdisease while working in jobs

like farming or physical labdl? These young people frequently migrate in and éut o
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their communities in search of jobs in other paftthe state. As a result, the risk of
dermatophyte transmission throughout the populasancreased. According to Vyas
et al., 2013, 75 % (45/60) of dermatophytic infexxs occurred in children aged 5 to
10, with 50 % (30/60) of the dermatophytes ideatififrom tinea capitis clinical
type**® In North India, Malik et al., 2014 and Bhagra ét 2014 found that
dermatophytic infections were prevalent in the 3bih 11 to 20 years and28 % in 21
to 30 years age groups, respectiv&ly**? According to Mahale et al., 2014 from
South India, Infection with dermatophytes was idett in 23.1% of children aged 1
to 10 years and 23.1% of children aged 41 to 50sy&3 According to Gupta et. al.

2014, dermatophytes were often infected in thosealhe age of 60 (32 %1
5.3 Occupation wise distribution and socio-economic category:

The Siddi community is a low-income population thabstly relies on
agricultural and daily wage employment. They p#te in income-generating
activities such as fuel wood collecting or dailyggaemployment for local landlords.
Around 72% of the patients were illiterate, wher@&ds % were students or had
finished their elementary school. According to @erg poll, 40% of the Siddi
population eats only two meals per day and isskt of malnutritionl*> As people
live in overcrowded tiny hamlets with inadequatenitedion and regularly share
clothing, towels, and other household goods, thk of dermatophyte transmission
can't be ruled out. Among Siddi tribals, farmers.{40) had contracted the greatest
number of infections followed by students (20%)ilyd&age labors(14.6%), children
less than 5 years of age(2.8%), house wife(1.3%) athers (14.3%). Increased
incidence of dermatophytosis was observed in fasnerthis tribal community as

most of the population in the community dependemttioe agriculture and also
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inhabitants with domestic animal like buffalo, cadag and goat. This might result in
the transfer of geophilic and zoophilic dermatopghgpecies to humans as in this
study overall majority organism isolated whamentagrophytes which is a zoophilic
organism. Agriculture was the most common occupatéonong the patients,

according to Hay and Moore (2004}®

Increased incidence of dermatophytic infection tindents might be due to
Certain factors, such as low parental educatiom likely to reduce or eliminate the
high prevalence of dermatophytes in the studentuladipn because it was their
responsibility to teach their children the prineiplof hygienic and healthy living and
most of the siddi tribals live in the interior feteegion of the western Ghats and most
of the students reach school by walking bare fdatcording to Romani and
Chepchirchir et al. (2009) majority of the schobildren affected by dermatophytosis
under the age of 12 years indicating that ringwaorfaction is primarily a prepubertal
illness, this might be due to poor hygiene and laickaturated fatty acids, which act
as a natural anti-dermatophytic mechanf$rr-*® Aside from this innate propensity,

the level of exposure to etiological substancesdss crucial.
5.4 Clinical Pattern of Dermatophytosis:

Tinea unguium was the common clinical presentatiich is similar to the
study conducted by Gosh et.al where they discoviiratdmost prevalent clinical type
was tinea unguim in 74.58 % of cases but the masinton clinical type was tinea
corporis in other regions of India, contrary to tharent study. According to Jain et
al., 2014, the most frequent clinical form seen tirasa corporis 35.2 %, followed by
in 22.4 % of tinea cruris, 11.2 % of tinea capiisl % of tinea mannum,6.6 % of

tinea pedis, and % of tinea unguitM) Whereas tinea corpories is the commonly
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Seen clinical condition in India in native Indiavhereas in America and Africa, the

prevalence was 0.07 % and 0.6 %.

We found tinea capitis is the common clinical tygdeer the tinea unguium
seen in 29.7%, followed by tinea corporis in 22.2#ga cruris in 8.5%, tinea facea
in 1.8%, tinea pedis in 1.6% and tinea mannum #®. The present study show
tinea unguium, tinea capitis and tinea corporithéfrequent clinical type of clinical
presentation observed in the Siddi tribal communibgcreased incidence of tinea
capitis was observed in the tribal community wheri@ea capitus was not commonly
seen in other part of India however Vyas et al12fund that tinea capitus as the
predominant clinical type in his study conductepdrindia®*® Tinea capitis is the
commonest clinical presentation in Africa countff8The present study has shown
the tinea capitis infection is commonly seen in¢hédren below the age of 15 year.
Simonnet et al. discovered that tinea capitis itbacwas more frequent in children
under the age of puberty than in adults in a 2@skarch. In a research done by
Hanumanthappa et al in 2012, tinea capitis was shimabe prevalent in children
aged 10 to 15 yeaf¥) In Africa, tinea capitis was the most frequennicial pattern,
accounting for 26.9% of all cas€s® The scalp lesions ranged from typical alopecia
to postulation in chronic infections, inflammatdo/non-inflammatory type, and few
patients reported with numerous small plaguesadetia such as "trichophytic" type
(64.2%) and large plaques of alopecia such as tsgopic” type (34.6%), and a few
reported with nonspecific lesions (6.2%). (Kechiaak, 20142 Sharing hair
accessories, carrying things on the head, and wweding are the primary

predisposing risk factors for scalp infections,ading to Ayanlowo et al., 201%?
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5.5 Direct Microscopy and Culture:

Environmental factors such as pH, temperature,ligitcubation time, and
culture media all influence dermatophyte developmand antigen production.
Temperature is a key environmental element thduentes microbial growth and
metabolite synthesis. Every fungus has a set diralr temperatures at which it
grows at its fastest. Most fungi thrive at temperas between 25 and 35 degrees
Celsius. Similarly, pH is an essential element thapacts the development of
dermatophytes. Every fungus, like temperature, @l range in which it thrives.

Fungi thrive best when the pH is between 4.2 ag{¥:'>>1°%)

In the Present Study out of 1004 samples 129 (1Rs&¥ples were positive
for Dematophytosis from 937 patients by direct wscopy and Culture of which 27
(20.9%) were positive by only direct microcopy, ®40%) were positive by only
culture and 97 were positive by both culture andedi microscopy. Many
epidemiological studies in India have shown higkipaty rate of direct microscopy
that the culture. Direct microscopy positive ratased from 38 % to 96 %, with the
lowest being 38.2 % in Meghalaya, East India amdhighest being 96 % in Mysore,
South Indid®"*%® As per the epidemiological investigation conductsd Sofia
Maraki et al. in 2006 have shown mycological peogii rate of 10.1% for
dermaophytosis from 2910 patieft8.The culture positivity rate in epidemiological
studies with high direct microscopy positivity ratearied from 29.3% to 87.43%,
with a low of 29.3% and a high of 87.43%**9It's possible that the low positive
rate in culture is attributable to earlier antifahgherapy’*® As a result, when
sampling, patients should be selected based omimectiteria and a sufficient

quantity of material should be obtainétf)
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Study conducted by Madhavi et al. in 2011 showrhéigrate of culture
positivity (58%) compared to direct microscopy (43%” The low positive rate in
direct microscopy might be owing to a strong inffaatory reaction that causes the
fungal components to become blind or use of angiélibefore sample collectidt?
Finally, the value of culture technique plays apamant part in infection laboratory

diagnosis.
5.6 Etiological Agent:

Out of 1004 sample 102 (10.15%) samples have shbendermatophytic
growth in whichT. mentagrophytes (67.6%) was the prevalent dermatophyte isolated
in the present study followed By rubrum (25.5%),T. tonsurans (2.9%),M. gypseum
(2.9%) andT. terrestre (2.9%). Majority of the patients were infected byophilic
dermatophyteg. mentagraphytes which is accordance with the study conducted by
Bhatia and Sharma in 2014 in Himachal Prad@shmentagrophytes was the most
frequent species (63.5%), while rubrum (35.1%) was the second most comn¥sh.
On the contrary to our study Mistry et al in 2018& shownT. rubrum (53.9%) was
the commonest dermatohyte isolates followedTbynentagrophytes (27.9%)"V T.
mentagrophytes was commonly isolated in tinea corporis (30.4%)ed capitus
(30.4%), and tinea ungium (26.1%) wherdasubrum was commonly seen in tinea
unguium (42.2%), tinea corporis (19.2%), tinea isryl9.2%) and tinea capitis
(15.4%) a study conducted by Sajjan and Mangaldtdh2 have shown that most
prevalent species identified from scalp infectionsre T.rubrum (50%) andT.
mentagrophytes(47.36%)'°? These two dermatophyte species were often isolated
from all tinea infections in India, according toseeal researcherd. tonsurans (22.3

%) was isolated from 206 patients, according to dhd Murthy (2013), and this

Page 94



Discussion

dermatophyte was the second most prevalent specielysore, South Indi&®® T.
tonsurans (91.8 %) was commonly isolated species from saafgctions in Northern
California, according to Mirmirani and Tucker (204%* Tinea capitis and tinea
corporis are common sources Bf tonsurans, an anthropophilic dermatophyté.
tonsurans is found in around 1-2% of tinea faciei, mannumgipeand unguium,
according to several researchers. In the presedy 3t tonsurans is isolated in tinea

unguium (33.3%) and tinea corporis (66.7%).

M. gypseum is isolated tinea capitis, tinea unguium andiied corporis
which is commonly seen in tinea capitis infectith>® Furthermore Microsporum
species were isolated less often in India. SpditiesM. nanum and M. cookie were
among theMicrosporum species isolated**®? In India, M. ferrugineum is a non-
endemic anthropophilic pathogen that was identifiedin 13 cases (or 9.75 %) in

Lucknow 1%

T. soudanense was less frequently isolated from scalp and md#dtions in
Kolkata, East Indi&®®*"**?But it was the most commonly isolated dermatophyte
species from scalp infections Afri€d>**? T. yaoundei and T. soudananse were
isolated from patients with tinea capitis in praxdanvestigations done on the Siddi
population!®® We examined the population of this community fepesficial
infections in the hopes of identifying uncommonrdatophytes among this distinct
group that derives from Africa. Single isolate ham®wn the colony morphology and
microscopic feature similar t®. soudanense (1, 0.98 %) in our investigation, further
it was identified ag. rubrum after molecular characterization despite the tlaat it is
a geographically limited dermatophyte often isalaite African nations. Exotic fungi

have also been found in migrating African populadion India and other areas of the
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world.*816188) £rom 2001 to 20Q6T. soudanense accounted for 1.6 % of cases in
Columbus, Ohio, according to a retrospective afgf§’sT. soudanense was also
isolated from children with tinea capitis who hadocated from African nations by
researchers from Belgium, Finland, and Swe&&r’**"Hr. soudanense was isolated
in 0.38% of all patients from eastern and westefrita in Baltimore, Marylan®?T.
verrucosum was the most common dermatophyte species isolatedn f
onychomycosis and scalp infections with only a fearkers reporting that it was

isolated from skin diseases less offén’4®

T. concentricum (tinea corporis and cruris),. megninii (tinea corporis and
cruris), M. fulvum (tinea corporis, capitis, and barba@&)terrestre (tinea corporis,
mannum, and capitis),. equinum, T. simii (tinea corporis and pedis), aMl pracex
and M. langeronii were seldom isolated from skin and scalp infecton
respectively*°**9 according to Simonnet et al., 2011, who also regbthat the

latter was isolated from a patient who returnedif®ub-Saharan Africd’?

The tinea corporis and tinea cruris combination6(n40%) was the most
prevalent among patients with multiple site invohent, followed by tinea unguium
and tinea corporis (n=5 33%). Spreading and ery#tens lesions were observed in
45 (50.0%) and 27 (30.0%) of the patients, respelgti Only 28 (31.11 %) of the
patients had pigmented lesions. In 15 (16.66%hefgatients, the infection recurred
or relapsed. Only four patients (4%) were able tovigle precise corticosteroids
dosages while using a combination of antibacteaatl antifungal medications
(Candid B, Itch-guard and Betnovate). However,@athan a typical skin lesion, the
majority of the patients developed a wide spreadegjon with little erythema,

comparable to lesions treated with corticoster§fi®espite the fact that only 16.6 %
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of patients had a history of relapse or recurreand,only 4% had a complete history
of corticosteroid usage, 31.1% of patients hadausteroid modified tinea. As many
as 4% of patients said they bought topical creanoms fa local medical store without
consulting an authorized clinical practitioner. pieviously reported, these topical
steroid users had adverse reactions including pegigmentation and strid®:’*"3

Previous contact with an infected human, animakar was reported in 6 (6.66%),
43 (47.7%), and 56 (62.2%) of the cases, respégtitesions lasting 1-2 months
were found in 25 (27.77 %) of patients, whereasatibn lasted from 2 to 6 months in
23 (25.55 %) of patients, and infection lasted fi®to 12 months in 25 (27.77 %) of
patients. However, 17 individuals (18.88%) admithtoving had an infection in the

previous 5 years. Only 5 (5.55 %) of the patieatd tiabetes mellitus.

The spread of dermatophytosis and its epidemiolwag been comparable to
other parts of India due to changing environmerd amgration of the community

people in and out of the allocated area for Siddamunity.

The prevalence of 5.97 % was observed for non-dexphgtes, such as yeast
and moulds in this research. It appears that tumeguium was the most frequent
clinical form, seen in 85.71 % of all cases. Tts& factor for increased tinea unguium
prevalence in superficial mycosis by non-dermatogdhycould be due to frequent
contact with soil during daily life, age, a histoo§ similar infection, or frequent
sharing of footwear. Tinea corporis and tinea éapvere found in 8.92% and 5.35%
of the patients, respectively. In 2015, Kaur etdécovered that nail infection is the
most prevalent location for superficial infectiavhile Lakshmanan et al. reported in
2015 that the most prevalent location of supefficigection is the skin, followed by

the nail and hair. Outdoor laborers, such as fasn{é7.14 %) and daily wage
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employees (16.07 %), had the greatest infectios, ratich was consistent with
research conducted in other regions of Iitid’**">%®)Candida species (20.25%)
was the most common pathogen, followedAlsgergillus species (12.75%Jusarium
species (10.62%), ardadosporium halotolerans (2, 1.26 %). In 2020, Hazarika et
al. found that NDM were more common than yeast musing superficial
infection®’® In 2015, Kaur et al. discovered that NDM was thestprevalent cause
of superficial mycosis, followed by dermatophytesdayeast$? According to
Weinberg et al. in 2003 non-dermatophytes madeoughly 10% of the causative
agents of onychomycos” however Batawi et al. 2007 found that 68.75 %hef t
causative agents of onychomycosis were non-dergtep and 0.1 % was
dermatophyte8’® Candida andAspergillus species were commonly isolated from
infections of the trunk, groin, scalp, and nailsv&al non-dermatophytes have been
isolated from onychomycosis, includingusarium species, Penicillium species,
Scopulariopsis species, Helminthosporium species (11 cases), aridichosporon
species (1 case), according to a few researcBersularia species (2.5%) and
Paecilomyces species (0.6 %) were isolated fromkirgroin, and nail infections,

respectively infections of the scaff®*43149)
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5.7 Molecular Characterization of Der matophytes:
5.7.1 Molecular typing of Trichophyton mentagrophytes/interdigitale complex:

There is an increase in the incidence of supelfagamatophytosis in India
since from last 4 to 5 years of time. Studies fdifferent region of India have shown
that an increasing trend in the prevalence of dapfgitosist’® There is a notable
striking change in clinical features, responsentotteatment and recurrent rate of the
dermatophytosis many studies have also shown #halence ofl. mentagrophytes
as the common etiological agent for the dermatasigtwhereas. interdigitale has
been recognized as the infection causing fungi bé& tchronic, relapsing
dermatophytosis epidemic in India. Many studieseheanfirmed the organism by the
convention method and have not used the molecuéhad like polymerase chain
reaction (PCR) to provide eviden€&®® To substantiate the problem Pietro Nenoff
et. al. have characterize the causative agent perSaial dermatophytosis by
sequencing ITS region and (TER)-Igene, T. metagrophytes (92.62%) was the
predominant causative agent to cause dermatophytodiowed by T. rubrum
(7.38%) and shown the remarkable shift fronmubrum to T. mentagrophytes. further
sequencing data have shown that all 138 isolateE. afentagrophytes belongs to

“ITS genotype VIII" they proposed to call as “Indigenotype”.

In the present study. mentagrophytes was the predominant dermatophyte to
identify in the tribal communit{}3¥51 isolates out of 68 isolates were sequenced in
the ITS region. The phylogenetic tree was drawhisdlates were clustered with ITS
genotype VIII as per the classification of Heidemaet al’’) Due to recent
taxonomic instability among dermatophytes, it idficlilt to differentiate T.

mentagrophytes from T. interdigitale using phenotypic method§153)
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However, only a few studies have proven that th® t&gion of ribosomal
DNA can distinguish between genotypes of thementagrophyte/T. interdigitale
species comple®®'%) These various genotypes were also linked to lnic
symptoms, geographic location, and antifungal test*®*!%® Because the
population was preserved, we thought Thenentagrophytes identified from the Siddi
community may be unique. Representative isolatesngtypically classified ag.
metagrophytes were submitted to phylogenetic analysis basedhenlTS region in
this study. As previously stated, all of the samptdates utilized in this investigation
belonged to the ITS genotype VIII, which is the mmpeevalent infectious agent of
dermatophytosis in Indi&®'? The prevalence of. mentagrophytes ITS genotype
VIl in the Siddi community might be related to &dcsocial and religious adaptations,
as well as the fact that they are in close toucth wither civilized parts of the

state'®
5.7.2 Molecular characterization of Trichophyton rubrum:

The Siddi are an Indian tribal group having Africangins who have resided
in India for over five generatio®'” The existence of rare African dermatophytes
among the Siddi tribal people in India was ideatfiby researchers. In 1980,
soudanense, and in 19937. yaoundei were identified in the communif{#'® Only a
little amount of research from across the world imakicated the prevalence of this
illness in native and migrated African populatf5fi:}2¢1%To check for the existence
of such uncommon African dermatophytes, we tested 2000 members of the Siddi
community in India's north Karnataka area. 102 Csophytes were grown on
culture media out of the 1004 samples, with 9.6%valence. In the Siddi tribal

community tinea unguium was the major clinical dtnd seen in 32%, tinea
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corporis was seen in 27.45%, tinea capitis in Z&A8nea cruris in 13.72%, tinea
pedis in 13.72% and tinea faceae in 0.98 %. In&%60f cases, Major etiological
agent causing dermatophytosis in the tribal comtgunias T. mentagrophytes,
followed by T. rubrum in 25.49 %, Although two dermatophytes with phepaty
features of African dermatophytes such Tasviolaceum and T. soudanense were
discovered in 2 separate individuals suffering wittea capitis and tinea unguium
respectively, further by sequencing ITS region hstiates have been identified Bs
rubrum. Both isolates grew slowly and did not produce mamr micro conidiaT.
violaceum has been found in populations of native local prance in India and other
areas of the world, according to studies. Despite fact that it is classified as an
African dermatophyte, many researchers have shbe/presence of. soudanense in
many region of the world in migrated African, aatiog to multiple studies, and
native population is rarely affecté®*2¢1%) s S Maygill et al. in Baltimore Maryland
reportedT. violaceum andT. soudanense infection in 88% of migrated population of
eastern Africa and West Africa who is staying Amarfor 3 months to 5 years, and
US native population have shown the 12 % of inéectiT. violaceum, and T.
soudanense was observed in 82.7 % of Africans immigratedn® tnited States, 4.93
% in African Americans and 3.7 % in native whitgptation(92), whereas Elizabeth
Gaviria Morales et. al observed prevalence of 7P@df T. violaceum infection in
migrated patients from Africa and 15.90 % of infeat in the native
population®®®!) |n the year 2000 Graser et al. studied the antpbitic
dermatophytes taxa and noticed short moleculaanttgt, and the majority of them
were renamedr. rubrum or T. violaceum. T. violaceum was first discovered by
Sabouraud in 1902 which is major infection caudumggi of tinea capitis which is

slow growing and rarely sporulating organism. Laterubrum was discovered which
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usually causes tinea corporis and tinea pediserlat majority of the species were
added toT. rubrum complex to explain the phenotypic variation, ferthmany
experimental methodologies were used to reevalhateharacters but the difference
between the clinical site and the associated mdogieal difference ofT. rubrum

andT. violaceum remain unresolved®”

We discovered no such uncommon dermatophyte ofc&idrispecies in the
current investigation. It's possible that the lack uncommon exotic African
dermatophytes in the Siddi community, a migratofsioan group, is related to their
residence in India for more than five generatiéfisOther researchers, on the other
hand, have observed infection with African dermbataps in African-origin people
who have lived in the area for one or two generstiti®#%'%®) According to a
observation published in 2018, there has been-tinses increase in geographically
restricted dermatophytes commonly seen in Africauméries among African ancestry
children living in Canada for one or two generasiBff) A thorough investigation of
population of African ancestry in other regiondradia might show the occurrence of

regionally limited dermatophytes.

De Hoog et al. have done molecular phylogeny arwvahr. violaceum is
almost impossible to differentiate frof rubrum based on multilocus sequencing
results, which includes sequencing of regions Ik&, rDNA, LSU tubulin, and 60S
L10 rDNA. Study conducted by Huilin Su et al. shaw®ALDI TOF can
differentiate theT. violaceum from T. rubrum and T. soudanense but it has
insufficient discriminatory power to differentiaté. rubrum and T. soudanense.
Further other studies have also shown that addied .tsoudanense in the MALDI

TOF database can mislead the identificatiof.afubrum. Even thougHT. violaceum,
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T. rubrum and T. soudanense shows the logical differences in clinical symptoms
physiology, colony appearance and molecular ingastins, none of them are strictly
used parameters for diagnosis. Further genetidesnofT. violaceum, T. rubrum and

T. soudanense are similar this might be due to short time eviolutand in sympatric
evolution, these are distinct entities with impetféineage sorting. This type of
changes has been observed in recently evolvingatephytes. In dermatophytes, the
ITS region of rDNA is utilized to identify taxa agell as to study their evolutionary
relationship$!®® Our findings confirm a suspected phenotypically isim
dermatophyte of African species @srubrum by sequencing at ITS region. Many
additional studies have discovered these Africahrapophilic dermatophyte species
in migratory African populations all over the waHf%3%9Because the Siddi tribal
group has resided in India for five generations &ad adapted to local religious

customs, our investigation revealed no such unexadic dermatophyte.
5.7.3 Molecular characterization of Cladosporium halotolerence:

Superficial mycosis due to non dermatophytes was 8ath the prevalence of
5.97% in the present research. Tinea unguim wasdhemon clinical condition seen
in 85.71% of cases, frequent contact with soil simakring footware regularly could be
the possible reason. Other researchers have atsensthe similar observatidh,
whereas in contrast to our study Lakshmanan efoahd skin to be the most
common site of superficial infection in 2015, falled by nail and hait*® Outdoor
laborers, such as farmers (57.14 %) and daily weagployees (16.07 %), had the
greatest infection rate, which was consistent wedearch conducted in other regions
of India®®*!921%) Candida species (20.25%) was the most common gatho

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 alirfd that
NDM were more common than yeast in causing supatfinfection®’® In 2015,
Kaur et al. discovered that NDM was the most peviatause of superficial mycosis,
followed by dermatophytes and yea@tﬂadosporium halotolerans was isolated
from twins with tinea capitis in order to confirrhet infection withCladosporium
halotolerans. Repeat samples were taken from both patients whowed
Cladosporium halotolerans growth. Cladosporium is commonly thought of as an
indoor fungus that is separated from environmesdatces and geographical location,
yet manyCladosporium spp are significant infective agent that infectsnps, animals,
and human&®#1®® Cladosporium species isolated in most cases lack molecular
confirmation; however,Cladosporium species isolated in this investigation were
sequenced utilizing the ITS region and identifis€Chadosporiumn halotolerans. The
isolation of fungi such aSladosporium halotolerants in the Siddi population may be
due to their low socioeconomic condition and reduckeanliness, as the bulk of the

Siddi tribal group lives in poverty.
5.8 Antifungal susceptibility Testing:

Dermatophytoses are a major financial burden onicakéstablishment all
over the world, with a global prevalence of 20-25%%As a result, the persistent
dermatophytosis that has emerged in India has be@morrying medico-economic
problem. Aside from dermatophytosis worldwide relese as the most prevalent
superficial infection, in vitro susceptibility tésfy is critical for determining
developing resistance patterns among causativeaiepmytes. Furthermore, because
many antifungal medications have liver and cardideerse effects, it is critical to

evaluate novel antifungal drugs. It's great to see antifungal medicines with
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excellent efficacy against dermatophytes being lbgesl. All 102 dermatophytes
were subjected to antifungal susceptibility testagpinst 13 antifungal drugs and
resistance mechanism to the terbinafine drug. Ga@mmean of voriconazole,
itraconazole and amorolfine has shown low geomet@an of 0.013 mg/ltr, 0.031
mg/ltr and 0.014 mg/ltr respectively fér mentagrophytes. Whereas amorolfine have
shown the lowest geometric mean of 0.009 mg/ltr Torrubrum followed by
voriconazole and itraconazole of 0.010 mg/ltr ar@l®@ mg/lit. In case d¥1. gypseum
andT. tonsurans voriconazole have shown the low geometric meanevéu00781
mg/Itr). voriconazole have shown the good actiggainst all dermatopphytes which
in agreement the other studies conducted globallgereas in a stud a study
conducted by Salehi et al. have compared the tsetysipattern of triazole,
uliconazole and lanocollnzole with the standardydrlike azoles and allelamines and
showed luliconazole and lanoconazole have shown pbient activity against
ketoconazole, terbinafine and griseofulvin whicle aonsidered as the first line of
drug in the present days. In the present studydohzole and griseofulvin have
shown the higher MIC. luliconazole have shown tt@6R25mg/Itr and 0.125mg/Itr of
MIC 50 and MIC 90 respectively whereas griseofulvave shown the 0.25mg/lit and
2mg/lit of MIC50 and MIC 90 respectively. Lulicor@e have shown low MIC 90 of
0.0625mg/ltr againsfl. rubrum when compared td. mentagrophytes which is
0.125mg/ltr. terbinafine, itraconazole and griséofu have shown lower MIC 90
againsfT. rubrum compared td. mentagrophytes, in contrast to our study lower MIC
90 was observed by Salehi et al. Tn mentagrophytes isolates to terbinafine,
itraconazole and griseofulvine when compared.tabrum. Fluconazole have shown
the low potency against all the isolates in thespn¢ study with the geometric mean

of 1.09mg/ltr. Overall MIC 50 and MIC 90 of flucanale against study isolates were
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0.5mg/ltr and 16mg/Itr respectively. 19% Resistaotelermatophytes against azole
group of drug has been reported in the previouﬂie&bzn. In agreement to our study
many have reported resistance against fluconazolgéuagal drug. Hryncewicz-

GwodzA have reported resistance of fluconazole inTtheibrum isolate!!??

Allelamines like terbinafine and naftifine have slmoreduced susceptibility
against T. metagrophytes which is the commonly isolated dermatophytes ia th
present study. 25 isolates ©f mentagrophytes have shown the higher MIC against
terbinafine which is considered as one of the @ffecantifungal drug against
dermatophytes. Even though the Siddi tribal poputastays in the rural area of
North Karnataka region many the community memb@sit other cities of India and
most of them are adapted to the local and soéestiile of India could be the possible
reason to acquire the resistance for terbinafing.dOther researchers in India have
also reported the increase resistance againstnédmeé drug. Shivaprakash M.
Rudramurthy et al. reported higher MIC in PAchphyton species in North India out
of 133 isolates. Ashutosh Singh et al. reportedB2% terbinafine resistance in
Trichophyton species in 2017 in North India. Scanty reportsaaailable in India on
the susceptibility of dermatophytes against teffiieaantifungal agerft'”*'%In the
last two decades, L393F and F397L substitutiongweserved due to point mutation
in the SE gene have been linked to terbinafinestaste inT. rubrum®’% Sixteen
T. rubrum isolates and on@&. interdigitale isolates with point mutations resulting to
L393F, L393S, F3971, F397L, F397V, F415V, and H446hanges have been
reported by Yamada et al.(196). Present study emtified the mutation which leads
to the substitution of phenylalanine to leucine387 position (Phe397Leu) in B
metagrophytes isolates with higher MIC. Drug resistance duehte effect of amino

acid substitution might aid in the understandinglnfg and enzyme interactions. In
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Scerevisiae isolates, Atomic three-dimensional (3D) modelinig SE protein was
demonstrated by Nowosielski et & The greatest drug-enzyme interaction was
found at F402, F420, F417, C416, V92, and T90 immamno acid found in the C-
terminal region of SE. The SE residue F402 matthdzhe397 in thd. rubrum SE
genel’® The amino acid change at this location has a Higence on drug-enzyme
interactions. It's unclear if terbinafine resistmevelops spontaneously or as a result
of medication use. Out of 20rychophyton isolates showing higher MIC for
terbinafine drug only three have had terbinafinposxire history out of which only
one isolate had shown the mutation in T1189C pwsibf SE gene DNA sequence. In
the absence of successive isolates, it's diffitulsay if our isolates were mainly
resistant or developed resistance over treatmedditidnal genetic evolutionary
investigations of isolates from the same patienairow might help to clarify the

guestion of primary and secondary resistance.
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6.0 SUMMARY

Dermatophytosis was found to be present with 9 Brévalence in Siddi tribe
population,T. mentagrophytes complex was shown to be the most prevalent organis
causing dermatophytosis among Siddis in this ingason. The distribution of
dermatophytes in this population matched thosere¥ipus studies conducted across
India. Patients in the 15 to 45 year old age gnwepe the most often afflicted, as this
group of patients are more socially engaged, tlamods of them coming into touch
with infected persons are high. They may also letdisease while working in jobs
like farming or physical labor. These young pedpéguently migrate in and out of
their communities in search of jobs in other paft¢he state. As a result, the risk of
dermatophyte transmission throughout the populagancreased. Diabetes mellitus
was previously thought to be a significant risk téacfor the development of
dermatophytes but only 5.5 % of patients in oueagsh were diabetics, which is
consistent with earlier findings from India. As ypiusly stated, tinea corporis was
the most common clinical manifestation. Tinea crwvas found to be less common in
our study than in other Indian studies. The facit tthe majority of patients
hesitated/refused to show the infection ingroinemegnight explain the decreased
rate of tinea cruris in our research. This presgntgbal community's high
dermatophyte load might be attributable to theirrtipalar lifestyle and
socioeconomic circumstances. The Siddi community lisw-income population that
mostly relies on agricultural and daily wage empieyt. They participate in income-
generating activities such as fuel wood colleconglaily wage employment for local
landlords. Around 72 % of the patients were ilater, whereas 24 % were students or

had finished their elementary school. Accordingatoecent poll, 40% of the Siddi
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population eats only two meals per day and issktof malnutrition. Because people
live in overcrowded tiny hamlets with inadequatenitsdion and regularly share
clothing, towels, and other household goods, thk of dermatophyte transmission

can't be ruled out.

The most prevalent etiological agenflismentagrophytes, which corresponds
to the ITS genotype VIII. Despite their originsAfrican nations, the distribution of
dermatophytes and their etiological agent in thaelSiribal population is comparable
to that of native Indians. The fact that this gréwgs existed for many generations and
has adapted to local social and religious traditi@s well as frequent interaction with
nearby native Indians, might all be factors. Anidial susceptibility testing of
dermatophytes in the community might help us leaone about antifungal sensitivity
patterns against dermatophytes in the communityre RAfrican species of
dermatopytes were not found in the migrated Siddak population, which might be
attributed to the community's long history in Indiad adaptation to local social and

religious customs.

Non-dermatophytes such as yeast and non dermatophgtlds, in addition
to dermatophytes, were shown to be responsiblsuperficial infection in the Siddi
tribal group, with a prevalence incidence of 5.97 19 85.71 % of patients, tinea
ungum was the most prevalent clinical disease ¢hased superficial infection by
non-dermatophytes. In the Siddi tribal communiBfadosporium halotolerans, an
indoor fungus, can cause superficial infections liknea capitis. A detailed study of
the Siddi tribal community and native Indians teadiver such superficial fungal
infections may reveal interesting findings, whictaymaid clinician diagnosis and

change treatment approaches.
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All 102 dermatophyte isolates were subjected tafiargal susceptibility
testing against 13 antifungal drugs. Voriconazo#s the effective antifungal agent,
whereas luliconazole and griseofulvin have showrghé&i MIC. Reduced
susceptibility was observed against allylamine li&ebinafine and naftifine. Present
study shown mutation in the 11®lposition which leads to substitution of

phenylallamine to lucine at 38position in Squalene Epoxidase (SE) gene.
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7.0 CONCLUSION

The prevalence of dermatophytosisin 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 astinea 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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Protocol title: Isolation and Identification of Dermatophytes among Siddi community
residing in North Karnataka region and Molecular characterization of Exotic/Rare fungi
among them.

Research Scholar: Mr. Aruna C
Research Guide: Dr. Mahantesh B Nagamoti

Introduction: You are being invited to take part in this research study which we are
conducting to prove the origin of Siddhi community is from Africa. Even though this community
settled in India since many years and not visited their original place, but still they have some
unique disease among them. Such unique infections are not reported in naval Indians of the
same region. Considering this observation we are trying to prove that the Siddhi community is
related to Africa.

Before you decide whether or not to take part in this research study, you need to know
the purpose, the possible risk and benefits to you. This consent form provides that information.
After the study has been fully explained to you, you can decide whether or not you want to
participate. Once you understand the study, and if you agree to take part, you will be asked sign
this consent form or make thumb impression in front of some one.

* Your participation in this study is entirely voluntary.
* You may decide not to take part or to withdraw from the study at any time
without losing benefits of your routine medical care

Purpose of the Study: Tenia (Ring worm/Dermatophytosis) infection is a common health
problem in the world. These infections are seen in all parts of the world. Some of them are
endemic in some areas and restricted to a population. Rarely these infections are reported
from other parts. The study on these geographically restricted fungi is less notified. There are
very scanty reports have mentioned about their occurrence among general population. This
may be due to their fewer occurrences among other countries. There are few surveys from
western groups regarding the indigenous fungal infection have been performed. These are i
the form of surveys among general population including children. It was observed that, 1.
yaoundei and T. schoenleinii causing Tenia infection among the Siddi community nearly 20-3)
years back. These species are not reported from Indian and other than Africans in the world
Since then there are no new findings and observations have been made in this neglectef
community. There are no systemic studies have been done on this group even though much
technical advances have occurred in the last two decades in India. This may be due to thi
community is socially and educationally backward and stay away from the city population.

This study is being conducted as collaboration between Jawaharlal Nehru Medica
College (JNMC), Belagavi and Post Graduate Institute of Medical Education and Research
Chandigarh India. In this study we will screen 1000 Siddhi patients, who are having Teni:
(fungal) infection for identification of the causative agent.
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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:

o Person belongs to Siddhi community

o Siddhi people suspected and diagnosed as case of Tenia infection
. Adult children of both sex will be included

o 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 JINMC 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, ] N Medical College, KLE University, Belagavi. Tels. 0831 -
273777 extn:4070, cellno: 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 orin 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 concernshave 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 ldentification of Dermatophytes among Siddi community

Protoc residin in North Karnataka region and Molecular characterization of Exotic/Rare
fungiam Ong

Rese h Scholar: Mr. Aruna C
Resch Guide: Dr. Mahantesh B Nagamoti

he details of the research study in which | am expected to participate, for which | have to undergo

history taking, clinical examination have been explained to me.

| willingly, under no pressure from the researcher agree to take partin this study, and agree

to participate in all investigations. | may withdraw at any time. | am not giving up any of my
legal rights by signing this form.

My signature below indicates that | have read this entire consent form or it has been read to
me, and had all my questions answered. | will be given a copy of this consent form.

SIGNATURE OF THE PARTICIPANT OR LEGALLY AUTHORIZED REPRESENTATIVE

Participants Name Participants Signature

. Investigators
Investigators Name .
Signature

Witness's Name

Witness's Signature
Date

Plac
e
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ANNEXURE I11: CLINICAL CASE SHEET

Isolation and Identification of Dermatophytes in Siddhi community residing in North
Karnataka region and molecular characterization of Exotic/Rare fungi among them

(linical Case Report

PID No: Date
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AOAeSE? b miseinssnamisassssnis R, s, L WO . ) &<k LR (L

Patient Belongs to Siddhi Community? Yes/No
Whether patient is suffering from fungal infection? YesNo
Whether patient is on medication with antifungal agent? Yes/No
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. Have you ever had such skin disease in the past?
If yes,

11. Any member in the famly is suffering from such condition?
If yes,
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Original Research Article

Isolation and Molecular Characterization of Trichophyton rubrum from
Siddi Tribal Community Residing in North Karnataka Region, India

Aruna Chowdappal, Shivakumar Patil?2, Mahantesh B. Nagmoti3

IDepartment of Microbiology, Jawaharlal Nehru Medical College, KLE Academy of Higher Education and
Research, Belagavi, Karnataka, India. 2Department of Dermatology, Jawaharlal Nehru Medical College, KLE
Academy of Higher Education and Research, Belagavi, Karnataka, India. 3Department of Microbiology,
Jawaharlal Nehru Medical College, KLE Academy of Higher Education and Research, Belagavi, Karnataka, India.

[ ABSTRACT

BACKGROUND

Siddi community is the tribal community of African origin living in north Karnataka
region since many generations. Few studies have shown the presence of rare
dermatophytes of African origin in the Siddi tribal community. This study was
performed to detect the presence of such dermatophytes of African origin in the Siddi
community.

METHODS

A total of 1004 samples were collected from 937 patients with superficial infections
out of which 102 samples have shown the dermatophytic growth on culture media.
All the dermatophytes were identified by phenotypic and physiological characters.

RESULTS

Tinea unguium was the prevalent clinical condition and Trichophyton
mentagrophytes was the commonest etiological agent to cause dermatophytosis. Two
isolates have shown similar macroscopic and microscopic features of as
dermatophyte of African origin species (Trichophyton soudanense) and subjected to
sequencing of internal transcribed spacer region (ITS) and identified as Trichophyton
rubrum.

CONCLUSIONS

Therefore, presence of rare African species was not seen in the migrated tribal
community may be due to the existence of community since more than 5 generations
and have adapted to local social and religious practices.
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Siddi, Dermatophytes, Trichophyton, Microsporon, Epidermophyton and Tribal
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| BACKGROUND

Dermatophytosis is the superficial fungal infection which
mainly affects hair, nail and skin. Dermatophytes produce
similar clinical symptoms which are difficult to be
distinguished by clinical examination, and these infections are
commonly known as tinea infections which are classified
based on the site of involvement.(!) There are three ecological
group of dermatophytes are known they are anthropophilic,
zoophilic and geophilic. Anthropophilic species spreads from
human to human and are confined to host. Animals serve as
host for zoophilic species and spreads from animals to human.
Geophilic species spreads from soil to human.® Distribution
of the dermatophytes are depends on the geographic location,
migration, climate condition, Immune status of the host,
socioeconomic condition and age.34 This superficial fungal
infection is caused by three genera namely Trichophyton,
Microsporon and Epidermophyton; of these Trichophyton is
most common, which has 15 species and many verities found
within the species.(!) Trichophyton has considerable variation
in their morphology as well as in geographical distribution. T.
rubrum can be seen in many part of the world whereas
Trichophyton violaceum, and T. soudanense found in trans-
Sudan belt and central African regions.(1.56)

Siddis are the tribal group having African ancestry brought
to India during the 16th — 19t century by Portuguese and
residing in Indian states like Gujarat, Karnataka, Andhra
Pradesh, and Telangana.(78) In Karnataka Siddis are
distributed in Uttar Kannada District, although Siddi are
residing in India since many generations and adapted to local
and social lifestyle they form separate physical and genetic
makeup compared to native Indians.(%10) Several previous
study suggested that Siddi genomes have closest relation to
the Africans.(78) Few literature have shown the existence of
rare geographically restricted African origin dermatophytes in
the community.®10) In the present study we screened Siddi
tribal population to see the presence of rare geographically
restricted dermatophytes.

METHODS |

The study was conducted during 2015 to 2017 in north
Karnataka region with the approval from institutional ethical
committee (KLE/Ethic/2015-16/D-51). A total of 1004
samples were collected from 937 Siddi tribal population with
suspected superficial fungal infection with required clinical
details. Further all samples were subjected to direct
microscopy by using 10% potassium hydroxide (KOH) and
inoculated on to Sabouraud dextrose Agarose (SDA) (Hi-
media) with  cycloheximide (0.5% 0.5 mg/ml),
chlortetracycline (0.1%0.1 mg/ml) and Gentamicin (0.1% 0.1
mg/ml). Inoculated plates were incubated for 4 weeks after
inoculation before designating the sample as no growth at
28°C. Identification of dermatophytes were done on the basis
of Macroscopic and Microscopic features and urease
hydrolysis.
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DNA Extraction, PCR and Sequencing

Genomic DNA was extracted by phenol-chloroform isoamyl
alcohol method as previously described (15) and eluted with
50 pl Tris-EDTA buffer. Amplification was carried out by
polymerase chain reaction (PCR) using internal transcribe
spacer (ITS); ITS 1 and ITS 4 primer (ITS1, 5
TCCGTAGGTGAACCTTGCGG 3, and ITS 4, %
TCCTCCGCTTATTGATATGC 3'), amplification was done with
final volume of 50 pl containing 0.5 pg of template DNA, 20 pl
of Emerald Amp GT PCR Master Mix (2X premix composed of
a DNA polymerase, optimized reaction buffer, dNTPs, and a
density reagent) 15 pmol of each primer. PCR was performed
in a thermo cycler (Eppendorf) with initial denaturation of
94°C for 6 minutes followed by 35 cycles of 94°C for 30
seconds, 58°C for 30 seconds and 72°C for 1 minute 30 second
and final extension at 72°C for 10 minutes. Separation of PCR
products were carried out on 1.5% agarose gel stained with
ethidium bromide followed by visualized in UV
transilluminator and imaged. PCR product were subjected to
sequencing both strands using ITS 1 and ITS 4 primer and Big
Dye Terminator Cycle sequencing kit version 3.1 (Applied
Biosystems), ABI 3130 genetic analyzer (Applied Biosystems)
and analysis of all sequencing reaction. Sequences were
compared with the GenBank DNA database using the NCBI
BLAST tool (https://blastncbi.nlm.nih.gov), the ISHAM ITS
database
(http://its.mycologylab.org/BioloMICSSequences.aspx), and
the CBS database
(http://www.westerdijkinstitute.nl/Collections/BioloMICSSe
quences.aspx).

Phylogenetic Analysis

Phylogenetic analysis of standard sequences retrieved from
NCBI and study isolates were carried out by aligning
sequences using multiple sequence alignment mode in
ClustalX2 software. The aligned sequences were exported to
Molecular Evolutionary Genetics Analysis software version 7
(MEGA7).01) Neighbor joining tree was constructed with 1000
bootstrapping replicates by using Kimura 2 parameter model

| RESULTS

A total of 937 patients were screened for superficial fungal
infection, a total of 102 samples showed positive by both
microscopy and culture from 90 patients for dermatophytes.
Dermatophytes isolated are T. mentagrophytes [69 (67.64%)],
T. rubrum [24 (25.49%)], Trichophyton tonsurans [3 (2.94%)],
Microsporum gypseum [3 (2.94%)] and Trichophyton terrestre
[1 (0.98%)]. In the present study two isolates have shown the
macroscopic and macroscopic feature of dermatophyte of
African origin, isolated from nine year old child who was
suffering from tinea capitis since one month had history of soil
and animal contact, lesions were spreading without any
erythema and a fourteen year old girl with tinea unguium since
one month with history of soil and animal contact. Both
patients did not have history of antifungal treatment as well as
self-medication.
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Mycological Characters

One isolate shown slow growing growth after 9 days the
colonies were waxy glabrous white without any macroconidia
and microconidia the colony characters and microscopy were
overlapping with the T. rubrum. Another strain was also slow
growing, colony was flat and whitish suede-like texture later
colony turned to yellow-orange in colour and microscopically
no conidia, reflective branching was seen rarely.

Annexures
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PCR and Its Sequencing

Two phenotypically suspected dermatophytes of African
species were sequenced and identified as T. rubrum (accession
no: MT280227 and MT280226).

Phylogenetic analysis was done with the study isolates and
standard CBS stains retrieved from the NCBI database [T.
violaceum CBS 374.92 (NR_144901), T. soudanense IHEM
19751 (NR_155948) and T. rubrum CBS 392.58 (MH857821)]
T. Mentagrophytes (KY761968) was taken as out-group. Both
the isolate clustered with CBS reference strain T. rubrum.

% | MT280227

MT280226

0.0100

KY761968 | T. mentagrophytes

Figure 1. Neighbour-joining (NJ) derived dendrogram of Internal Transcribe Spacer (ITS) gene-based

lysis was done

with the study isolates and standard CBS stains retrieved from the NCBI d.
soudanense IHEM 19751 (NR_155948), and Trichophyton rubrum CBS 392.58 (MH857821). Trichoph ph
out-group. All isolates are clustered with T. rubrum

CBS 374.92 (NR_144901), Trichophyton
(KY761968) was taken as

(Trichoph viol,

DISCUSSION

Siddi community is the tribal community residing in many
parts of India who has African origin and residing in India
since more than five generations.(?12) Investigators in India
have shown the presence of rare dermatophytes of African
species in the Siddi tribal community. Hemashettar and
Nadigir isolated T. soudanense in 1980 and in 1993
Hemashetter isolated Trichophyton yaoundei in the
community.(®10) Few literature around the world have shown
the presence of such infection in the native and African origin
population.(5613-16) To see the presence of such rare
dermatophytes of African species we have screened more than
2000 Siddi community persons residing in the north
Karnataka region of India. Out of 1004 samples 102 samples
have grown dermatophytes on culture media with prevalence
of 9.6%. Tinea unguium (32%) was the most prevalent
infection seen in the community followed by tinea corporis
(27.45%), tenia capitis (25.49%), tinea cruris (13.72%) and
tinea pedis (0.98%).

T. mentagrophytes was the commonest etiological agent
seen in 67.64% followed by T. rubrum (25.49%) to cause
dermatophytosis, whereas two dermatophytes which have
shown phenotypic characters of dermatophytes of African
origin like T. violaceum and T. soudanense from two different
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patients with tinea capitis and tinea unguium respectively
were identified as T. rubrum. both isolates were slow growing
without any macro or micro conidia. Studies have shown the
emergence of T. violaceum in the population of native local
origin in India as well as in different parts of world.(17-20) even
though it is considered as dermatophyte of African
Species,(561314) whereas many studies have shown T.
soudanense is isolated in migrated African community in many
parts of the world and rarely infecting the people of native
origin.(61314) [n an attempt to isolate T. violaceum, and T.
soudanense in Baltimore, Maryland, Shelley S. Magill et al have
reported 88% of T. violaceum, and T. soudanense infection in
migrated population of eastern Africa and west Africa living in
America since three months to five years and 12% of infection
U S origin population.(!4) In a retrospective study conducted by
Konstantin V. Grigoryan et al and Elizabeth Gaviria Morales et
al in Rochester, Minnesota, United States and Southern
Switzerland respectively to observe the presence of T.
violaceum, and T. soudanense have reported the infection in
82.7% of Africans migrated to America, 4.93% in African
Americans and 3.7% in White population in Rochester,
Minnesota, United States, whereas in southern Switzerland
77.27% T. violaceum infection was seen in African patients and
15.90% infection in originally from Switzerland.9 In the
present study we have not found any such rare dermatophyte
of African species. The possible reason for the decreased
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prevalence or absence of rare exotic dermatophytes of African
origin in Siddi community, a migrated African population
might be due to their existence in India since more than five-
generation,) whereas others researchers have reported
infection with dermatophyte of African species in the African
origin population who are residing since one or two-
generation.(.613)

A study conducted by Danielle Marcoux et al in 2018 have
showed there was six fold rise in dermatophytes of African
species in children of African origin residing in Canada since
one or two generation.(13) A detailed study on this African
origin population residing in other parts of India may reveal
the presence geographically restricted dermatophytes.
Antifungal susceptibility testing of isolates may also reveal the
sensitivity pattern against antifungal drugs, and helps the
clinician to treat dermatophytosis infection in such particular
area.

In dermatophytes, ITS region of rDNA is used for species
identification as well as for understanding phylogenetic
relationship between the species.2l) This study confirms
phenotypically identified dermatophyte of African species as
T. rubrum, based on ITS region sequencing. Presence of these
African anthropophilic dermatophyte species was observed in
migrated African population in many other previous studies
around the world.(513.15) Whereas our study revealed absence
of such rare exotic dermatophyte and T. mentagrophytes
complex as prevalent etiological agent to cause
dermatophytosis in Siddi tribal community as they stay in
India since five generation and adapted to local and religious
lifestyle.

CONCLUSIONS

Presence of rare African species was not seen in the migrated
Siddi tribal community may be due to the existence of
community in India for more than 5 generations and have
adapted to local social and religious practices.

Financial or Other Competing Interests: None.
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ABSTRACT Dermatophytosis due to the Trichophyton mentagrophytes-Trichophyton
interdigitale complex is being increasingly reported across India. Reports of therapeu-
tic failure have surfaced recently, but there are no clinical break points (CBP) or epi-
demiological cutoffs (ECVs) available to guide the treatment of dermatophytosis. In
this study, a total of 498 isolates of the T. mentagrophytes-interdigitale complex were
collected from six medical centers over a period of fiveyears (2014 to 2018). Antifungal
susceptibility testing of the isolates was carried out for itraconazole, fluconazole, keto-
conazole, voriconazole, luliconazole, sertaconazole, miconazole, clotrimazole, terbinafine,
amorolfine, naftifine, ciclopirox olamine, and griseofulvin. The MICs (in mg/liter) compris-
ing >95% of the modeled populations were as follows: 0.06 for miconazole, lulicona-
zole, and amorolfine; 0.25 for voriconazole; 0.5 for itraconazole, ketoconazole, and
ciclopirox olamine; 1 for clotrimazole and sertaconazole; 8 for terbinafine; 16 for nafti-
fine; 32 for fluconazole; and 64 for griseofulvin. A high percentage of isolates above the
upper limit of the wild-type MIC (UL-WT) were observed for miconazole (29%), lulicona-

zole (13.9%), terbinafine (11.4%), naftifine (5.2%), and voriconazole (4.8%), while they Citation Shaw D, Singh S, Dogra S, Jayaraman
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rubrum was the most predominant among the Trichophyton species, a notable rise in
the incidence of T. mentagrophytes-interdigitale complex-associated dermatophytosis
has been observed in India in recent times (1, 5). Apart from the changing pathogen
epidemiology, several atypical clinical presentations are being reported, perhaps due to
the rampant use of corticosteroids and poor compliance to therapy, which results in
significant disease-related morbidity in affected patients (4, 6).

In the current clinical scenario, experience-driven consensus guidelines for diagnos-
ing and managing dermatophytosis are needed. Recently, the Expert Consensus on the
management of Dermatophytosis (ECTODERM) was published in India to bridge the
large void in research related to disease management (3). The current treatment
recommendations include the use of terbinafine, itraconazole, sertaconazole,
ciclopirox olamine, ketoconazole, naftifine, and newer drugs such as amorolfine and
luliconazole, which have shown potent fungicidal activity against Trichophyton species
(7). However, recent reports of resistance to terbinafine resulting in treatment failure in
dermatophytosis caused by species belonging to the T. mentagrophytes-interdigitale
complex is of great concern to the treating physicians (1, 2, 8). Apart from allylamine
resistance, triazole resistance, especially to fluconazole, is high (354%) in the Indian
isolates, which is also associated with treatment failure (1).

To guide the treatment choice of an appropriate antifungal agent, the Clinical and
Laboratory Standards Institute (CLSI) has introduced guidelines for the antifungal
susceptibility testing (AFST) for dermatophytes (9, 10). Clinical breakpoints (CBPs),
which are based on information derived from clinical studies, help in predicting response
to treatment. However, they depend on several factors such as drug MIC, pharmacokinetic
(PK)/pharmacodynamic (PD) parameters, treatment outcome in clinical studies, and post-
marketing susceptibility data. In view of the lack of CBPs, either the epidemiological cutoff
values (ECVs or ECOFFs) or the upper limit of wild-type MIC (UL-WT) may be useful to
differentiate between wild type (WT) and non-wild-type (NWT) isolates, as these depend
only on the MIC (11). Unfortunately, to date there is no CBP, ECV, or UL-WT established for
any of the Trichophyton species. Available guidelines for the determination of ECV focus on
Candida, Cryptococcus, and Aspergillus species (12). In view of the veritable country-wide
epidemic of dermatophytosis predominantly by a single species, the T. mentagrophytes-
interdigitale complex, and the lack of CBPs, there is an urgent need to define either ECVs or
the UL-WT to guide therapy.

In this study, a large collection of T. mentagrophytes-interdigitale complex isolates
collected from six medical centers in India was tested against 13 antifungal drugs to
elucidate the MIC distribution and to define the India-specific UL-WT for each antifun-
gal agent.

RESULTS

The antifungal susceptibility profiles and UL-WT of 13 antifungal drugs against T.
mentagrophytes-interdigitale complex are depicted in Table 1. The antifungal suscepti-
bility testing (AFST) of all 498 isolates was performed against nine antifungals (flucona-
zole, itraconazole, voriconazole, clotrimazole, sertaconazole, terbinafine, griseofulvin,
amorolfine, and ciclopirox olamine). For AFST to sertaconazole, luliconazole, ketocona-
zole, and naftifine, a total of 327, 415, 463, and 462 isolates were used, respectively.
Among the azoles, itraconazole (geometric mean [GM] 0.08 mg/liter) and miconazole
(GM 0.06 mg/liter) exhibited potent activity against the T. mentagrophytes-interdigitale
complex, whereas among allylamines, terbinafine (GM 0.09 mg/liter) was more potent
than naftifine (GM 0.133 mg/liter). Higher MICy, values were observed for fluconazole
(16 mg/liter), terbinafine (8 mg/liter), naftifine (8 mg/liter), and griseofulvin (32 mg/liter).
The MIC,, of ketoconazole, clotrimazole, sertaconazole, and ciclopirox olamine were
0.5 mg/liter. Amorolfine, luliconazole, miconazole, itraconazole, and voriconazole had
low MICq, values of 0.06, 0.125, 0.25, 0.25, and 0.25 mg/liter, respectively.

The MIC range, MIC,,, MIC,,, and GM values for all 13 antifungal drugs against T.
mentagrophytes-interdigitale complex are summarized in Table 2. Both the 95% and
97.5% MICs were calculated to determine the UL-WT. For the antifungals which showed
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TABLE 1 MIC and UL-WT distribution of T. mentagrophytes-interdigitale complex isolates against 13 antifungal drugs tested using the CLSI
M38-A2 broth microdilution method®

No. of isolates with MIC (mg/liter) of:

Antifungal Total no of UL-WT UL-WT % NWT % NWT
agent isolates 0.0078 0.015 0.03 0.0625 0.125 025 05 1 2 4 8 16 32 64 128 95% 97.5% 95% 97.5%
Miconazole 327 179 53 39 3 19 1 2 1 0.06  0.06 29 29
Luliconazole 415 227 130 34 13 10 1 0.06 0.125 139 5.7
Fluconazole 498 1 2 26 8 24 17 119 139 92 37 32 1 32 64 0.2 0
Itraconazole 498 31 47 28 158 109 81 42 2 0.5 1 0.2 0
Voriconazole 498 61 17 83 185 85 43 18 4 1 1 0.25 0.5 48 12
Ketoconazole 463 24 34 113 112 116 59 3 2 0.5 1 1 04
Clotrimazole 498 2 3 34 32 51 215 142 16 3 1 1 06 0.6
Sertaconazole 498 46 104 58 94 113 64 18 1 1 2 0.2 0
Naftifine 462 247 55 29 12 18 12 13 24 28 24 16* 16* 52 5.2
Terbinafine 498 209 88 24 19 17 39 8 18 19 49 6 2 8 8* 14 14
Griseofulvin 498 70 9 1519 29 44 79 198 11 24 64" 128" ND ND
Amorolfine 498 59 231 137 48 8 1m 3 1 0.06 0.06 46 46
Ciclopirox olamine 498 19 2 5 381 41 20 30 0.5 0.5 10 10

“Most frequently obtained MIC or mode is indicated in boldface type. NWT, non-wild-type; ND, not determined; UL-WT, upper limit of wild-type MIC. The UL-WT for
naftifine, terbinafine, and griseofulvin are indicated by * and were calculated based on MICys and MIC,; values.

multimodal, nonsymmetrical, or truncated MIC frequency distribution, both the MICys
and MIC,, were documented as UL-WT. The highest 95% UL-WTs were observed for
griseofulvin (64 mg/liter) and fluconazole (32 mg/liter), whereas the lowest value of
0.06 mg/liter was found for two azoles (miconazole and luliconazole) and morpholine
(amorolfine). High percentages of isolates above the UL-WT were observed for micona-
zole (29%), luliconazole (13.9%), terbinafine (11.4%), naftifine (5.2%), and voriconazole
(4.8%), but low percentages for itraconazole (0.2%), sertaconazole (0.2%), and flucona-
zole (0.2%).

The phylogenetic analysis by internal transcribed spacer (ITS) dendrogram revealed
that all our isolates belong to T. mentagrophytes type VIIl. Therefore, genotype-based
differences in MIC distribution could not be analyzed. Molecular screening for the
mechanism of allylamine resistance was performed by sequencing the squalene ep-
oxidase (SE) gene of all isolates with terbinafine at a MIC of =1 mg/liter and represen-
tative isolates with <1 mg/liter. Of 133 isolates sequenced, the F397L mutation was
seen in 74 isolates (55.6%). The MIC range of the isolates with this mutation were
between 1 and 32 mg/liter for terbinafine and 0.06 to 16 mg/liter for naftifine. Distri-
bution of the F397L mutation in relation to the terbinafine MICs is provided in Fig. 1.
Among 57 isolates with a high terbinafine MIC (=8 mg/liter), the mutation was ob-
served in 43 isolates (75.4%). Of the 39 isolates with terbinafine MICs between 1 and
4 mg/liter, 31 isolates (79.5%) had the F397L mutation. No mutation was observed in
the 37 isolates with MIC values of <1 mg/liter (Fig. 1). While calculating the UL-WT
based on the mutation analysis, a lower UL-WT was observed for terbinafine (1 mg/liter
versus 8 mg/liter) and naftifine (0.06 mg/liter versus 16 mg/liter) compared to broth
microbroth dilution-based results. Thus, the percentage of isolates above the UL-WT
was higher both for naftifine (46.5% versus 5.2%) and terbinafine (20.5% versus 11.4%)
on mutation analysis versus microbroth dilution method.

DISCUSSION

The testing for susceptibility to any drug is extremely valuable for defining the likely
response of infection by a particular organism. CBPs enable us to predict therapeutic
outcomes and are based on clinical trial data, global surveys of susceptibility, and
PK/PD parameters (13). Either the ECV or the UL-WT offers an alternative for guiding the
choice of optimum treatment by virtue of the MIC data. Since neither the CBPs nor the
ECVs or UL-WT for T. mentagrophytes-interdigitale complex have been defined, we
conducted this study to determine the UL-WT to antifungal agents commonly used in
the management of dermatophytosis. To the best of our knowledge, this is the first
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TABLE 2 Various studies representing the MIC (mg/liter) distribution of Trichophyton mentagrophytes-interdigitale complex isolates against
antifungal drugs tested using the CLSI M38-A2 broth microdilution method®

Total no. of
drugs No. of
Reference Year tested isolates Drug Range MICso MICqo GM
This study 2020 13 498 (Tm/Ti Miconazole® 0.03-4 0.03 025 0.06
complex)  Luliconazolec 0.03-1 0.03 0.125 0.05
Fluconazole 0.0625-64 4 16 328
Itraconazole 0.0078-1 0.06 025 0.08
Voriconazole 0.0078-4 0.06 0.25 0.05
Ketoconazoled 0.0078-2 0.125 0.5 0.120
Clotrimazole 0.0078-2 0.25 05 0.231
Sertaconazole 0.0078-2 0.125 05 0.108
Naftifine® 0.03-16 0.03 8 0.133
Terbinafine 0.015-32 0.03 8 0.096
Griseofulvin 0.25-128 16 32 9.27
Amorolfine 0.0078-4 0.015 0.06 0.024
Ciclopirox olamine 0.03-2 0.25 05 0.289
Rudramurthy et al. (1) 2018 12 88 (Ti) Fluconazole 2-32 4 16 5.03
Ketoconazole 0.0625-2 0.125 0.5 0.17
Sertaconazole 0.03-1 0.125 0.5 0.13
Clotrimazole 0.125-2 0.25 05 0.36
Voriconazole 0.0312-2 0.125 0.5 0.12
Itraconazole 0.15-8 0.125 0.5 0.13
Terbinafine 0.015-32 0.0312 4 0.06
Naftifine 0.0312-16 0.0312 8 0.1
Amorolfine 0.007-4 0.0156 0.0625 0.02
Ciclopirox olamine 0.25-0.5 0.25 0.25 0.25
Griseofulvin 2-128 32 64 2631
Luliconazole 0.0312-0.25 0.0312 0.125 0.05139
Pathania et al. (15) 2018 4 36 (Tm) Griseofulvin 0.5-128 16 128
Fluconazole 0.12-32 4 16
Terbinafine 0.015-8 0.125 8
Itraconazole 0.015-1 0.063 05
Khurana et al. (8) 2018 1 64 (Ti) Terbinafine 0.25-=32 1 32 2813
Itraconazole 0.06-=16 0.25 1 0.287
Fluconazole 0.5-=64 16 32 13.205
Voriconazole 0.06-2 0.25 0.5 0.202
Ketoconazole 0.25-=32 0.5 05 0.666
Amphotericin B 0.25-1 0.5 05 0.38
Griseofulvin 0.5-=8 2 4 2.874
Miconazole 0.25-=16 2 4 1.978
Econazole 0.5-8 2 4 1.836
Luliconazole 0.0035-0.125  0.007 0.007 0.005
Sertaconazole 0.25-=16 1 2 0.842
Rezaei-Matehkolaei et al. (34) 2018 6 66 (Ti) Efinaconazole 0.002-0.006 0.008 0016 0.008
Lanoconazole 0.001-0.008 0.002 0.004 0.002
Luliconazole 0.0002-0.004  0.0005 0.001 0.0006
Fluconazole 4-64 8 16 11.07
Itraconazole 0.03-0.5 0.12 0.25 0.111
Terbinafine 0.004-0.12 0.015 0.03 0.013
Salehi et al. (19) 2018 8 27 (Ti) Terbinafine 0.003-0.125 0.01 0.06 0.01
Griseofulvin 0.03-64 0.12 35.2 0.41
Itraconazole 0.01-4 0.06 13 0.07
Voriconazole 0.01-16 037 88 0.41
Ketoconazole 0.03-4 0.25 22 0.32
Econazole 0.03-0.5 0.06 0.5 0.08
Lanoconazole 0.03-0.5 0.06 05 0.09
Butenafine 0.03-0.5 0.06 0.5 0.09
(Continued on next page)
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TABLE 2 (Continued)

Total no. of
drugs No. of
Reference Year tested isolates Drug Range MICs, MIC,, GM
Singh et al. (2) 2018 1 63 (Ti) Terbinafine 0.06-32 1 32 27
Itraconazole 0.06-16 0.5 2 0.51
Voriconazole 0.06-16 0.25 2 0.32
Fluconazole 0.5-64 32 64 16.7
Luliconazole 0.003-0.5 0.015 0.06 0.014
Sertaconazole 0.125-16 2 16 23
Miconazole 0.5-16 2 8 244
Ketoconazole 0.125-64 1 32 137
Clotrimazole 0.008-32 4 4 2.83
Amphotericin B 0.25-8 0.5 1 0.56
Griseofulvin 1-32 4 8 4.09
Sadeghi-Nejad et al. (20) 2017 2 3 (Tm) Ketoconazole 0.78—6.25 1.56 6.25 3.52
Griseofulvin 12.5—100 25 100 56.25
Baghi et al. (22) 2016 12 52 (Ti) Luliconazole 0.016-0.032 0.016 0.032 0.02
Itraconazole 0.031-0.5 0.25 0.5 0.18
Micafungin 0.5-8 4 8 331
Fluconazole 2-64 32 64 208
Griseofulvin 0.5-4 1 2 0.98
Terbinafine 0.008-0.125 0.063 0.25 0.071
Lanoconazole 0.063-0.5 0.25 0.25 0.17
Econazole 0.031-05 0.5 0.5 03
butenafine 0.031-1 0.25 1 0.26
Caspofungin 0.008-0.032 0.016 0.032 0.016
Anidulafungin 0.008-0.016 0.008 0.016 0.01
Tolnaftate 0.008-0.125 0.063 025 0.076
Ansari et al. (35) 2015 4 156 (Ti) Fluconazole 4-128 32 64 27.47
Itraconazole 0.008-0.25 0.063 0.125 0.062
Terbinafine 0.004-0.25 0.016 0.125 0.017
Griseofulvin 0.25-4 1 4 0.93
Badali et al. (36) 2015 13 (Tm) Amphotericin B 0.125-1 1 2 0.68
Fluconazole 16-64 32 64 4$1.77
Itraconazole 0.5-16 2 16 21
Voriconazole 0.25-2 1 2 141
Posaconazole 0.5-1 1 1 0.85
Isavuconazole 0.25-2 1 2 0.94
Caspofungin 0.5-2 1 2 1.05
Anidulafungin 0.008-0.063 0.031 0.063 0.03
Terbinafine 0.016-0.31 0.031 0.031 0.03
Adimi et al. (30) 2013 10 136 (Tm) Terbinafine 0.0156-16 0.0312 16 0.093
Griseofulvin 0.0312-56 2 256 231
Itraconazole 0.0009-4 0.0625 0.5 0.035
Ketoconazole 0.0312-32 2 8 043
Fluconazole 0.0625-256 64 256 1044
Voriconazole 0.0156-8 0.5 4 0.174
Clotrimazole 0.0312-32 0.125 2 033
Ciclopirox olamine 0.0312-32 2 16 1.81
Amorolfine 0.0078-32 0.25 8 0.245
Naftifine 0.0625-6 0.25 12 0.326
Yenisehirli et al. (37) 2013 6 49 (Tm) Terbinafine 0.015-0.125 0.06 0.125 0.06
Amphotericin B 0.03-2 0.125 0.5 0.14
Miconazole 0.03-2 0.125 2 0.16
Itraconazole 0.03-0.5 0.25 0.5 0.13
Ketoconazole 0.03-4 0.25 1 0.2
Griseofulvin 0.03-16 0.5 2 0.49
(Continued on next page)
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TABLE 2 (Continued)
Total no. of
drugs No. of
Reference Year tested isolates Drug Range MIC,, MIC,, GM
Carrillo-Munoz et al. (21) 2013 10 19 (Ti) Amorolfine 0.015 0.062
Bifonazole 0.015 16
Clotrimazole 0.015 1
Econazole 0.015 1
Ketoconazole 0.015 4
Miconazole 0.015 4
Oxiconazole 0.015 4
Sertaconazole 0.015 1
Ticonazole 0.015 8
Terbinafine 0.015 0.5
26 (Tm) Amorolfine 0.015 0.031
Bifonazole 0.061 16
Clotrimazole 0.015 1
Econazole 0.015 2
Ketoconazole 0.015 0.5
Miconazole 0.015 8
Oxiconazole 0.031 2
Sertaconazole 0.031 16
Ticonazole 0.015 0.5
Terbinafine 0.015 0.015
Silva et al. (38) 2014 6 24 (Ti) Ketoconazole 0.031-16 0.25 2 0.46
Fluconazole 2-64 8 64 5.9
Griseofulvin 0.125-64 2 32 1.6
Itraconazole 0.0312-2 0.125 0.5 0.19
Terbinafine 0.031-2 0.0312 0.0312 0.03
Voriconazole 0.0312-1 0.062 05 0.24
Ataides et al. (39) 2012 4 7 (Tm) Itraconazole 0.125-16 0.25 16 0.41
Ketoconazole 05-4 0.5 4 1.48
Griseofulvin 1-8 1 8 0.61
Terbinafine 0.015-0.062 0.015 0.062 0.01
Zalacain et al. (40) 2011 5 29 (Tm) Ciclopirox olamine 0.032-0.500 0.25 0.5 0.18
Fluconazole 32 - - ND
Itraconazole 0.032-1.000 0.5 1 0.35
Terbinafine 0.016-0.500 0.125 05 0.082
Eberconazole 0.016-1.000 0.25 1 0.18
Bueno et al. (41) 2010 4 18 (Tm) Itraconazole 0.03-0.5 0.25 0.5 0.2
Fluconazole 16-64 64 64 50.37
Terbinafine 0.007-0.06 0.015 0.03 0.014
Voriconazole 0.03-0.5 0.125 05 0.19
Mota et al. (42) 2009 5 14 (Tm) Fluconazole 4-16 16 16
Itraconazole 0.03-0.25 0.125 025
Ketoconazole 0.03-1 0.125 0.25
Terbinafine 0.03-0.5 0.06 0.25
Griseofulvin 0.25-1 0.5 0.5
Valverde et al. (43) 2008 3 30 (Tm) Itraconazole 0.25 05
Fluconazole 16 64
Voriconazole 0.12 0.25

aGM, geometric mean; Ti, Trichophyton interdigitale; Tm, Trichophyton mentagrophytes.

327 isolates screened.
415 isolates screened.
9463 isolates screened.
€462 isolates screened.

multicenter study to propose the UL-WT for the T. mentagrophytes-interdigitale complex

isolates of Indian origin.

An alarming rise in prevalence and incidence of dermatophytosis has been observed

across India (14). Recent reports indicate an epidemic-like situation, with the chief
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FIG 1 Relationship between mutation in the squalene epoxidase gene and the MIC for terbinafine in 133
T. mentagrophytes-interdigitale complex isolates.

etiological agent being T. mentagrophytes followed by T. rubrum (1, 2, 15). T. menta-
grophytes is a complex group containing different species. The taxonomy of this species
is still not well delineated. Based on the ITS sequences, two major studies from India
report that the T. mentagrophytes complex causing the epidemic in India belongs to T.
interdigitale (1, 2). Later, on the basis of multigene sequences like ITS, beta tubulin,
translation elongation factor, and calmodulin gene, all the T. mentragrophytes complex
strains of India were found to be distinct from other clades and were described as T.
mentragrophytes type VIIl. The whole-genome sequence of Indian isolates shares
similarity with the recent common ancester, T. mentagrophytes-interdigitale complex,
and these could not be conclusively differentiated as two species (16). Thus, we
characterized all of our isolates as T. mentagrophytes-interdigitale complex to preclude
any misidentification (1, 16-18). Experts recommend that accurate identification of the
implicated fungal pathogen and its AFST may be necessary for the management of the
recurrent, relapse, or chronic cases (3). Six medical centers from both North India and
South India participated in the present study and a large number of T. mentagrophytes-
interdigitale complex isolates were evaluated against 13 antifungal agents. The MICs
obtained in this study compared with the results of previous studies are provided in
Table 2. Previously reported MIC, ranges for T. mentagrophytes-interdigitale of various
antifungal drugs were similar to those observed in the present study (8, 19-22). The
MIC distributions of itraconazole, miconazole, luliconazole, voriconazole, ketoconazole,
sertaconazole, naftifine, ciclopirox olamine, and clotrimazole show good susceptibility
of T. mentagrophytes-interdigitale complex compared to terbinafine, fluconazole, and
griseofulvin. Recent reports in Indian literature have revealed the high MIC of terbin-
afine for Trichophyton spp. (1, 2). Clinical evidence of relapse and incomplete myco-
logical cure after standard (250 mg, twice daily for 2 weeks) oral terbinafine therapy
have also been reported (23). Since the pharmacodynamic properties of terbinafine
remain incompletely described, a cumulative percentage (%T -y c) of 100% was used as
a conservative approach to describe its dosing interval in an animal study (24).
According to that study, the use of 250 mg of terbinafine twice daily was appropriate
for treatment of dermatophytic infections caused by T. mentagrophytes with a MIC of
0.01 mg/liter (24). However, since the tissues infected by dermatophytes are avascular
components of the skin and adenexa, the time to attain therapeutic concentrations in
them may differ greatly from plasma (24). In the present study, we observed that >40%
of the T. mentagrophytes-interdigitale complex isolates had a terbinafine MIC of
>0.01 mg/liter. A higher dose with a multidosing strategy may be required to treat
infections by T. mentagrophytes-interdigitale complex isolates with higher MICs. Unfor-
tunately, this may not be clinically practical due to the possibility of drug-related side
effects. These findings emphasize that the use of terbinafine as the first line drug
against dermatophytic infections is largely unsubstantiated. In view of the contempo-
rary disease epidemiology, it may have lost clinical efficacy against Indian T.
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mentagrophytes-interdigitale complex and requires further evaluation. However, al-
though serum levels of terbinafine follow a predictive PK/PD, these levels may not
parallel the site-specific drug levels. In fact, some studies show that the skin levels of
terbinafine exceed trough plasma levels by nearly 10 to 40 times the MIC, indicating
little rationale for higher doses (25).

In clinical practice, CBPs are needed to optimize appropriate antifungal treatment.
However, CBPs are not defined for any antifungal agent against dermatophytes. In such
a scenario, ECVs may help in identifying isolates with antifungal resistance, as has been
seen for other molds such as Aspergillus spp., Mucorales, and Sporothrix spp. (13, 26-28).
According to CLSI guidelines, the evaluation of ECVs should follow certain criteria, i.e.,
(i) the MIC should be determined as per standard guidelines, either by following the
protocol of CLSI or the European Committee on Antimicrobial Susceptibility Testing
(EUCAST); (ii) large numbers of isolates (n =100) should be included; (iii) the MIC of
isolates from different laboratories (=3) should be used; and (iv) the AFST should be
performed by many investigators (=3) (13). Our study fulfils the above criteria (except
for partial fulfillment of the last criteria), and thus we propose the UL-WT instead of an
ECV for the T. mentagrophytes-interdigitale complex of Indian origin against the anti-
fungal agents in Table 1. For UL-WT determination, isolate identification to the species
level is important according to CLSI guidelines (12). In our study, three antifungal
agents (terbinafine, naftifine, and griseofulvin) had nonsymmetric, multimodal, or
truncated MIC distribution due to which the ECOFF could not be determined using the
software. Thus, the UL-WT (in mg/liter) calculated based on the MICy5 (27) for terbin-
afine, naftifine, and griseofulvin was 8, 16, and 64, respectively. Interestingly, the
mutation analysis of the SE gene revealed that even isolates with MICs at less than
1 mg/liter for terbinafine and 0.06 mg/liter for naftifine (both allylamines) exhibited the
F397L mutation that was absent in all isolates with MICs of <1 mg/liter for terbinafine
and 0.03 mg/liter for naftifine. This finding suggests that the UL-WT of these drugs is
probably lower than that estimated based on MIC,; and MIC,;,. These findings sub-
stantiate our interpretation that the use of terbinafine for first-line management of T.
mentagrophytes-interdigitale complex infections needs further evaluation. Overall, we
noted low MIC and UL-WT values for miconazole, luliconazole, itraconazole, voricona-
zole, and ketoconazole. Itraconazole has also been found to have a lower MIC than
terbinafine against a majority of T. mentagrophytes complex isolates and the use of
itraconazole as a first line drug in the management of dermatophytosis may be
beneficial (29).

The major limitation of this study was that the majority of the isolates were from a
single center, the Postgraduate Institute of Medical Education and Research (PGIMER).
Also, AFST was performed at a single institute (PGIMER) independently by laboratory
persons belonging to all 6 centers. Another concern is that being a tertiary care center,
most patients presenting to us might have prior exposure to antifungals, antibiotics,
and/or steroids. This could be responsible for the high MIC values to some antifungals
(terbinafine, griseofulvin, and fluconazole) and the UL-WT may artificially encompass
resistant (non-wild-type) isolates. Additionally, using the Indian T. mentagrophytes-
interdigitale complex to determine the UL-WT may have limited global applicability, as
some antifungals have been shown to have high UL-WT values compared to global
data. Thus, future multicentric studies involving isolates with more geographical diver-
sity must be designed to further define the ECVs or UL-WT. The inclusion of isolates
belonging to different genotypes from diverse geographic locations will enable the
analysis of genotype/clade-related differences in MIC distribution, which could not be
performed in the present study. The lack of facilities for AFST of dermatophytes at most
Indian institutes limited the testing of isolates at more than one center in the present
study. Regular training programs and capacity building at multiple centers could
enable the determination of ECVs and CBPs in future studies.

In conclusion, UL-WT values are an important tool for distinguishing WT from NWT
isolates and provide a preliminary idea to the treating physician in optimizing antifun-
gal therapy. However, the UL-WT values are based solely on the in vitro data of isolates
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collected from various centers and are not an interpretative breakpoint. Nonetheless,
since breakpoints are not available for dermatophyte infections, these values can assist
the clinician to predict whether an isolate is likely to respond to a specific antifungal.
Future studies assessing the clinical response to treatment and monitoring the PK and
PD of antifungal therapy could be beneficial in establishing CBPs.

MATERIALS AND METHODS

Isolates. A total of 498 clinical isolates of T. mentagrophytes-interdigitale complex were collected over
a period of 5years (2014 to 2018) from six tertiary care hospitals in India. All clinical isolates were
recovered from skin (n = 481), hair (n = 13), and nail (n = 4) samples at the following medical centers:
Postgraduate Institute of Medical Education and Research, Chandigarh (n = 354), Government Medical
College Haldwani, Nainital (n = 44), Jawaharlal Nehru Medical College, Belagavi, Karnataka (n = 41),
Father Muller Medical College, Mangalore (n = 32), Bhasker Medical College & General Hospital,
Telangana (n = 15), and St. John's Medical College & Hospital, Bangalore (n = 12). In cases of multiple
isolates from the same patient, only unique clinical isolates were used. The identification of all strains as
T. mentagrophytes-interdigitale complex was based on culture morphology and microscopic character-
istics and confirmed by sequencing of the internal transcribed spacer (ITS) region and 28S region of
ribosomal DNA, and beta tubulin (1, 16, 17).

Antifungal susceptibility testing. The AFST of all the isolates was performed at the Postgraduate
Institute of Medical Education and Research (PGIMER), Chandigarh, and the tests were performed
independently by laboratory personnel of respective institutes contributing the isolates. The strains were
subcultured on potato dextrose agar (PDA) medium prior to AFST. The broth microdilution technique
was performed according to Clinical and Laboratory Standards Institute (CLSI) M38 A2 protocol with
minor modifications, as previously described (1, 10, 30). Inoculum suspension with approximately 10¢
CFU/ml conidia was collected from 7 to 14 days culture grown on PDA and quantified microscopically by
hemocytometer. The suspension was then diluted to 1:100 according to primary concentration. Double
the final concentration (10° CFU/ml) of the conidia was adjusted before adding to the drug plates. An
initial inoculum corresponding to 65 to 70% transmittance at 530 nm in a spectrophotometer was used.
Inoculated plates were incubated at 28°C for 4 days prior to interpretation. In all the isolates, the MICs
of azoles, griseofulvin, and amorolfine were documented as the concentration showing prominent
inhibition of growth (approximately 80%) compared to that in growth-control wells. For terbinafine,
naftifine, luliconazole, ciclopirox olamine, and miconazole, a 100% growth inhibition was documented,
as described by Rudramurthy et al. (1). To check the purity of the inoculated plates, 10 ul of the growth
from the growth-control well was inoculated onto Sabouraud dextrose agar (10). Panels of 13 topical or
systemically applied antifungals commonly used for the treatment of dermatophytosis were tested. The
panel included azoles (fluconazole, voriconazole, itraconazole, ketoconazole, sertaconazole, luliconazole,
clotrimazole, and miconazole), allylamines (terbinafine and naftifine), a morpholine (amorolfine), an
oxaborole/hydroxamic acid (ciclopirox olamine), and an antifungal antibiotic (griseofulvin), all purchased
from Sigma-Aldrich, Bengaluru, India. The drugs were dissolved in dimethyl sulfoxide and the final
concentrations (in mg/liter) ranged from 0.0625 to 32 for fluconazole; 0.0078 to 4 for voriconazole,
itraconazole, and amorolfine; 0.0312 to 16 for ketoconazole, luliconazole, sertaconazole, clotrimazole,
ciclopirox olamine, and naftifine; 0.0156 to 64 for terbinafine; 0.0156 to 8 for sertaconazole; and 0.25 to
128 for griseofulvin. T. mentagrophytes-interdigitale complex (NCCPF 800035), Candida parapsilosis (ATCC
22019), Candida krusei (ATCC 6258), and Aspergillus flavus (ATCC 204304) strains were used as quality
control measures. The AFST was performed in triplicate for each isolate to ensure quality and reproduc-
ibility.

Distribution of MIC and UL-WT determination. The data analysis was performed using an Excel
2018 spreadsheet. The MIC,, and MIC,, were obtained by a descriptive statistics analysis. In statistical
analysis, the modeled population was established based on fitting a normal distribution at the lower end
of the MIC and the mean and standard deviation of the normal distribution were calculated to determine
the MIC capturing at least 95%, 97.5%, and 99% of the modeled WT population. The Microsoft Excel
spreadsheet calculator (ECOFFinder program version XL2000+, http://www.eucast.org/mic_distributions
_and_ecoffs/) was used for statistical determination of the UL-WT for the 13 antifungal drugs (26, 31, 32).

The isolate with no mechanisms of acquired resistance or mutational resistance for the antifungal
agent tested is defined as the WT. The NWT isolates are those with presumed or known mechanisms of
resistance for the antifungal agent being tested. The isolates were classified as WT or NWT depending
on whether the MIC was =UL-WT or >UL-WT for the above-mentioned antifungals (26, 31, 32).

Phylogenetic analysis. Phylogenetic analysis was performed using the ITS sequences of represen-
tative isolates of the present study and sequences of all genotypes described previously (sequences
retrieved from NCBI database) (33). T. quinckeanum was used as the outgroup due to its high divergence.
Sequences were aligned using the multiple sequence alignment mode in ClustalX2 software. The aligned
sequences were exported to Molecular Evolutionary Genetics Analysis software version 7 (MEGA 7) and
a neighbor joining tree was constructed with 1,000 bootstrapping replicates by using Kimura 2 param-
eter model.

Mutation analysis for terbinafine. A total of 133 isolates were screened for mutation in the
squalene epoxidase gene. The complete gene was sequenced by using the primer pairs SE1aF-5'-CAG
AGATAATGCAGCCATCG-3" and SE1aR-5'-CCGGATTGATGTTCCTAGGT-3'; SE2aF-5'-CCACCAGCGGCGAAT
ATAGA-3" and SE2aR-5'-AGTCCAGTGCCAGACTGATG-3'; and SE3aF-5'-AGTCTGGCACTGGACTCCAA-3'
and SE3aR-5'-ATGATGCAGCGACGGTGACA-3' (Sigma) as described earlier (1). Bionumerics software
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(Applied Maths, Ghent, Belgium) was used for consensus and concatenation of the sequences. The
sequences and amino acid sequences depicted by using the ExPASy online tool (https://web.expasy.org/
translate/) were aligned.
Data availability. Sequences of the representative isolates have been deposited in GenBank under
accession numbers MH517546 to MH517560, MN822738 to MN822771, MN824042 to MN824085,
MNB830960 to MN831002, MN830945 to MN830959, and MN831003 to MN831103 for the ITS region of
ribosomal DNA; MK967531 to MK967551 for the 28S region of ribosomal DNA; MK982906 to MK982926
for BT; and MN836335 to MN836372 for SE.
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Abstract

Dermatophytes are the common etiological agent to cause superficial mycosis, however non-dermatophytes
like yeastand non dermatophyte mould (NDM) are emerging as potential agent to cause superficial mycosis. In
this study, we evaluated epidemiological, clinical and mycological characters of non-dermatophytes causing
superficial infection in the Siddi tribal community. A total of 1004 samples were collected from 937 Siddi
community patients with superficial infection. In that 158 samples shown culture positive, Candida species
(32, 20.25%) was the predominant agent to cause superficial infection other than dermatophytes followed
by Adspergillus species (12, 7.59%), Fusarium species (10, 6.32%) and cladosporium species (2, 1.26%).
Further, Cladosporium species isolated from tineacapitis infection was subjected to PCR, sequencing of ITS
region and identified as Cladosporium halotolerans. Therefore, this study also revealed non dermatophytic
fungi are emerging as important cause of superficial infection.

Key words: Dermatophytes, Mould, Yeast, Trichophyton, Cladosporium, Onychomycosis and Tinea,
Polymerase chain Reaction (PCR)

Introduction yeast has been observed-?. Change the incidence of

Superficial mycosis is the fungal infection of skin infection by pathogen may affect the clinician capability

and its appendages like nail and hair, it is apublic health
problem and of worldwide importance in developing
countries. Potential reason for proliferation of the
infection may be low economic status, poor hygiene,
inadequate health facility and exchanging of footwear
and cloth® Even though it is not a life threatening
infection but may affect the social life and day to
day activities. Dermatophytes are common cause of
superficial mycosis worldwide, there is an increase in
the infection by non-dermatophytemould (NDM) and
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to diagnose and can change the approach to treat®.

Siddis are tribal community residing in India who
brought from eastern African countries before many
generations. They leave in different parts of Indian states
like Andhrapradesh Maharashtra Gujarat and Karnataka.
In Karnataka they reside in North Karnataka region and
adapted to local social and religious lifestyle. We under
took this study to see the common non dermatophytes
causing the superficial fungal infection in Siddi tribal
community®>).

Materials and Method

Study was conducted during 2015 to 2017in north
Karnataka region. A total of 1004 clinical samples like
hair nail and skin scrapping were collected from 937
Siddi tribal patients with suspected superficial fungal
infection. Clinical details were collected with patient
consent. Samples were subjected to direct microscopy
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by 10 % pottacium Hydroxide (KOH) and inoculated in
pairs in plain SabourdoseDextrose Agar (SDA) and SDA
with cycloheximide (0.5% 0.5 mg/ml), chlotetracycline
(0.1% 0.1 mg/ml) and Gentamicine (0.1% 0.1 mg/
ml) and incubated at room temperature. Cultures were
noted for colony character, surface color and color on
the reverse. Culture was identified by macroscopic and
microscopic examination.

PCR and sequencing

Genomic DNA was extracted by phenol-chloroform
isoamyl alcohol method and the extracted genomic
material was eluted with 50 pl Tris-EDTA buffer.
Polymerase chain reaction was carried out using internal
transcribe spacer (ITS); ITS 1 and ITS 4 primer (ITS1,
5" TCCGTAGGTGAACCTTGCGG 3’, and ITS 4, 5°
TCCTCCGCTTATTGATATGC 3°), with final volume
of 50 pl containing 0.5 pg of template DNA, 20 pl of
Emerald Amp GT PCR Master Mix (2X premix composed
of a DNA polymerase, optimized reaction buffer,
dNTPs, and a density reagent) 15 pmol of each primer.
PCR was performed in a thermo cycler (Eppendorf) with
initial denaturation of 94°C for 6 minutes followed by
35 cycles of 94°C for 30seconds, 58°C for 30 seconds
and 72°C for 1 minute 30 second and final extension
at 72°C for 10 minutes. PCR products were separated
on 1.5% agarose gel stained with ethidium bromide
and visualized in UV transilluminator and imaged.
PCR sequencing was done form PCR product using
ITS 1 and ITS 4 primer and BigDye Terminator Cycle
sequencing kit version 3.1 (Applied Biosystems). ABI
3130 genetic analyzer (Applied Biosystems) was used
for purification and analysis of all sequencing reaction.
Sequences were compared with the GenBank DNA
database using the NCBI BLAST tool (https://blast.
ncbi.nlm.nih.gov), the ISHAM ITS database (http://
its.mycologylab.org/BioloMICSSequences.aspx), and
the CBS database (http://www.westerdijkinstitute.nl/
Collections/BioloMICSSequences.aspx).

Phylogenetic analysis

Phylogenetic analysis of study isolates and standard
sequences retrieved from NCBI were done by aligning
sequences using multiple sequence alignment mode
in ClustalX2 software. The aligned sequences were
exported to Molecular Evolutionary Genetics Analysis
software version 7 (MEGA7)© and neighbor joining

free was constructed using Kimura 2 parameter model
with 1000 bootstrapping replicates.

Results

A total of 1004 samples were collected from
937 patients with suspected superficial mycosis.
Tineaunguim was the most commonly seen clinical
condition followed by tineacorporis and tineacapitis.A
total of 158 samples have shown the culture positive.
Dermatophytes were the most common etiological
agent isolated from 102 (64.55%) cases. Whereas non
dermatophytes were isolated from 56 (35.44%) cases.
Most of the patients were agriculturist (32, 57.14%) and
field workers (9, 16.07%).Commonest clinical condition
seen in superficial infection with nondermatophytes was
tinea unguium (48, 85.71%) in which 52.08% cases were
Proximal subungual onychomycosis (PSO), 22.91% of
cases were white subungual onychomycosis, 16.66% of
cases were Distal lateral subungual onychomycosis and
6.25% of cases were endonyxonychomycosis whereas,
Tineacorporis (5, 8.92%) and Tineacapitis (3, 5.35%)
was seen in 5 (8.92%) and 3 (5.35%) cases respectively.

In this study, Candida species (32, 20.25%) was the
predominant agent to cause superficial infection other
than dermatophytes followed by Aspergillus species (12,
7.59%), Fusarium species (10, 6.32%) and cladosporium
species (2, 1.26%). Further repeat sample was collect to
confirm the infection with Cladosporium species.

Cladosporium species was isolated from twin’s
patients of age 7years old with tineacapitus infection
since from one year. Morphological feature included
unbranched cylindrical conidiophores bearing ovoidal
to ellipsoidal intercalary and terminal conidia.

Both Cladosporium specis were used to sequence
ITS region and were identified as Cladosporium
halotolerans(accession number MT588811
and MT588810) Phylogenetic analysis of both strains
were done with standerd Cladosporium species stains
retrieved from the NCBI database [Cladosporium
halotolerans (LN834374, LN834375 and DQ780364),
(LN834356),
Cladosporium asperulatum (LN834357), Cladosporium
allicinum (LN834353), Cladosporium cladosporioides
(LN834358), Cladosporium flabelliforme (LN834361),
Cladosporium funiculosum (LN834364), Cladosporium

Cladosporium angustisporum

Page 166



Annexures

Indian Journal of Public Health Research & Development, October 2020, Vol. 11, No. 10 3

herbarum (LN834378), Cladosporium subinflatum (LN834391), Cladosporium tenuissimum (LN834398)]. Study
isolates have clustered with Cladosporium halotolerans.

80 LN834358

LNB34356

LN834364

LN834398
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LN834361
LN834391

0| (LN834353
0 L Lngaears
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Figure.1 Neighbor—joining (NJ) derived dendrogram of internal transcribe spacer (ITS) gene
based sequences. Phylogenetic analysis was done with the study isolates and standerd CBS stains
retrived from the NCBI database [Cladosporiumhalotolerans (LN834374, LN834375 and DQ780364),
Cladosporiumangustisporum (LN834356), Cladosporiumasperulatum (LN834357), Cladosporiumallicinum
(LN834353), Cladosporiumcladosporioides (LN834358), Cladosporiumflabelliforme (LN834361),
Cladosporiumfuniculosum (LN834364), Cladosporiumherbarum (LN834378), Cladosporiumsubinflatum
(LN834391), Cladosporiumtenuissimum (LN834398)] study isolates (MT588811 and MT588810) have
clustered with Cladosporiumhalotolerans.

Discussion found skin is the common site of superficial infection
followed by nail and hair®. Infection rate was highest
in the outdoor workers like farmers (57.14%) and daily
wage workers (16.07%) which in accordance with
studies done in other parts of India®'Y.Candida species
(20.25%) was the predominant agent followed by
Aspergillus species(12, 7.59%), Fusarium species(10,
6.32%) and Cladosporiumhalotolerans(2, 1.26%).
Hazarikaet.alin 2020 reported NDM were more prevalent
than yeast to cause superficial infection"?. Kaur et.al.
in 2015 have found NDM was the most common agent
to cause superficial mycosis followed by dermatophytes
and yeasts). Cladosporium halotoleranshas been
isolated from twin’s patients with tineacapitis to confirm
the infection with Cladosporium halotolerans repeat

The present study showed 5.97% prevalence of
superficial infection with non dermatophytes including
yeast and moulds other than dermatophytes. It appears
tineaunguium as the common clinical condition
accounted for 85.71%, the risk factor for increase
prevalence of tineaunguium in superficial mycosis by
non dermatophytes might be due to frequent contact with
soil during their day today life, Age, history of similar
infection or frequent sharing of foot ware. Tineacorporis
and tineacapitiswas seen in 8.92% and 5.35% of the
cases respectively. Similarly Kaur et.al. in 2015 found
nail infection the most common site to cause superficial
infection(7),whereas Lakshmanan et al. in 2015 have
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samples were collected from both the patient shown
the growth Cladosporium halotolerans.Cladosporium
usually considered as indoor fungus being isolated in the
environmental sources and geographic location, however
many species of Cladosporium species are important
pathogens to cause infection in plants animal and even
in humans®*'¥. In most of the cases Cladosporium
species isolated lack molecular confirmation, however
in the present study Cladosporium species isolated
were sequenced using ITS region and identified as
Cladosporiumhalotolerans. Possible reason for the
isolation of fungus like Cladosporiumhalotoleransin
Siddi tribal community might be due to their low
socioeconomic condition and poor hygiene, as majority
of the Siddi tribal community live their life in poverty.

In conclusion, this study showed other than
dermatophyte, non-dermatophytes like yeast and non
dermatophyticmoulds are also responsible for the
superficial infection in the Siddi tribal community with
prevalence rate of 5.97%. Tineaungum was the most
commonly seen clinical condition to cause superficial
infection by non dermatophytes in 85.71% of cases.
Cladosporium halotolerans which is considered as the
indoor fungus can also cause superficial infection like
tineacapitis in the Siddi tribal community, a detailed
study on Siddi tribal community and native Indians to
find out such fungal superficial infection may reveal
interesting findings, which may further help clinician
diagnosis and may change the approach to treat.
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District Commissioner.
Karwar, Uttara Kannad District.

Sub; Permission for the collection of clinical samples from Siddi community.
(Through proper channel)
Sir,

One of my Ph.D. scholar (Medical Microbiology), Mr. Aruna C, bearing Reg No. DOI1214001 is
studying Dermatophytosis (fungal) in Siddi people residing in North Karnataka since last two years. He has
Ethical clearance certificate from the Institution. He collects only Hair, Nail and Skin scraping form
suspected cases. This study does not involve the invasive procedures. We have conducted a Skin camp for
these people also in the last year. So far, he has collected 250 samples from infected Siddi (Hindu) people of
Yellapur area, with the help of Private practioners and local Siddi lcaders. He has yet to collect 1000
samples from Siddi community within 12 months to complete the study. We have faced lot of problems to
meet these patients and convince them to get the samples.

Local people and Medical officers have informed us that, Dist Healt.authorities Govt of Karnataka is
conducting Heath checkup camps to this community in the Akola, Mundagod. Yellapur and Halyala area.
We request you to kindly permit us to involve our scholar in your camps to collect the samples from the
infected Siddi people. If they are found positive for the fungal infections he will give microbiology report to
the infected patients and with the help of Medical officers the infected patients will start the antifungal
treatment.

This study is first of its kind to know the fungal infections of Siddi community. It will also throw a
light on the presence of different fungi associated with Siddi community as compare to the local native

-Indians. We may also isolate some rare and different fungal species causing infections. Further the present
study will also find the response to the treatment by these people.

Kindly permit him to collect the samples from suspected siddi people from the Health camps
conducted by health department of Uttar Kannada Dist.

Thanking you,
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