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Abstract: Dermatophytic infections of the skin and appendages are a common occurrence. The
pathogenesis involves complex interplay of agent (dermatophytes), host (inherent host defense and
host immune response) and the environment. Infection management has become an important public
health issue, due to increased incidence of recurrent, recalcitrant or extensive infections. Recent years
have seen a significant rise in incidence of chronic infections which have been difficult to treat. In
this review, we review the literature on management of dermatophytoses and bridge the gap in

therapeutic recommendations.
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1. Introduction

Dermatophytoses are superficial fungal infections caused by dermatophytes affecting
the skin, hair and/or nails [1]. They are also termed as tinea infections. Dermatophytes
are filamentous fungi that invade and feed on keratinized tissue like skin, hair and nails,
causing an infection [2]. Dermatophytes are divided into nine genera, of which Trichophyton
(usually affecting skin, hair and nails), Epidermophyton (usually affecting skin) and Microspo-
rum (usually affecting skin and hair) cause infection in humans. Trichophyton rubrum is the
most common isolate observed in infections of the feet, body and nails. Depending on the
mode of transmission, they are classified as anthropophilic (from humans), zoophilic (from
animals) and geophilic (from soil). They are clinically classified by infection site as tinea
capitis (head), tinea faciei (face), tinea barbae (beard), tinea corporis (body), tinea manuum
(hand), tinea cruris (groin), tinea pedis (foot) and tinea unguium (nails). Other clinical vari-
ants include tinea imbricata, pseudoimbricata, and Majocchi granuloma [3]. Recent years
have seen an increasing prevalence of dermatophytic infections across the world, especially
in tropics. Though not a life-threatening disease alone, it may significantly affect the quality
of life [4]. A recent increase in the prevalence, recurrence and resistance could be attributed
to the changing epidemiology. In this article, we discuss these trends while providing a
brief note on the pathogenesis and diagnosis and management of dermatophytic infection
and its relevance in day-to-day practice.
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2. Changing Trends in Epidemiology

Dermatophytoses, as common superficial fungal infections worldwide, have a higher
incidence in tropical and subtropical countries like India due to the presence of high
humidity and environmental temperature. Increased urbanization, occlusive footwear,
and tight clothing also predispose to higher prevalence [5]. In the last few years, studies
have shown a rising trend in the prevalence and also noted a change in the spectrum
of infection along with the isolation of previously uncommon species [6-9]. The rising
trend of recalcitrant dermatophytoses could be due to an epidemiological shift in the
growth patterns of dermatophytes providing them with advantages of better survival and
persistence, an evolution in the genetic make-up of the fungi, enhancing their virulence
and pathogenicity, rapid emergence of drug-resistant species due to the rampant use of
inadequate doses of potent antifungals. Studies reported a recent shift in the organisms
isolated from T. rubrum to T mentagrophytes complex [8] in Western India and M audounii [7].
Recent studies have shown increasing proportion of T mentagrophytes complex, mainly
T mentagrophytes var mentagrophytes. Also, these species showed increased minimum
inhibitory concentrations to the commonly used antifungal agents [10].

3. Predisposing Factors

The complex interplay between agent, host and the environment plays a role in the
pathogenesis of dermatophytoses. The predisposing factors in the host include immuno-
compromised states such as diabetes mellitus, lymphoma and chronic illnesses, which can
lead to extensive, recurrent or recalcitrant dermatophytoses. Intertriginous areas including
groin, axilla, inter-web spaces are more susceptible to infection due to excess sweating,
rubbing and alkaline pH. Environmental factors which predispose people to higher chances
of infection include high humidity, high temperature, increased urbanization, use of tight-
fitting clothes and occlusive footwear. In most parts of the world, anthropophilic T. rubrum
is the most common isolate, but it is being increasingly replaced by T. interdigitale and T.
mentagrophytes complex in some geographical locations [11-13]. T. interdigitale is responsible
for mild and chronic infections [9]. Variations in fungal virulence in various species of
dermatophytes are likely to play a role in the recurrence or resistance of infections. A few
clinical types like onychomycosis may have a genetic predisposition. Distal subungual
onychomycosis may be inherited in an autosomal dominant fashion [14] with incomplete
or variable penetrance. Dermatophytic infections is commonly spread in family members,
especially in the case of tinea capitis and tinea pedis.

Under favorable conditions, after inoculation into the host skin, epidermal adhesion
occurs within an hour, mediated by adhesins present on the fungal cell wall [15,16]. This is
followed by penetration mediated by proteases, serine subtilisin and fungalysin, which
digests the keratin and also acts as a potent immunogenic stimulus [15]. Upon antigenic
exposure, keratinocytes produce a wide range of cytokines—IL- 8, 16, 22, 1beta, TNF alpha,
IFN gamma, etc. to destroy the dermatophytes [17]. In addition, the mannans produced by
T rubrum result in lymphocyte inhibition.

4. Imnmunopathogenesis of Dermatophytoses

There are various host defense mechanisms that avoid establishment of infection,
including composition (physical or chemical) of skin, exposure to UV light, lack of humidity,
temperature, etc. [16,18].

The several host defense mechanisms against dermatophytoses include increase in cell
turnover rate, increase in antimicrobial peptides—beta defensin 2, 3, psoriasin, RNAse?,
neutrophil and macrophage-mediated fungal phagocytosis and a complex immune re-
sponse. The immune responses to dermatophytoses range from an innate immune re-
sponse to humoral- and cell-mediated immune responses. Cell-mediated immunity plays
an important role in the control of dermatophytoses.
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4.1. Innate Immune Response

Reduction in the number of epidermal dendritic cells, especially Langerhan cells,
in the epidermis, increases the risk of dermatophytosis [19]. These cells contain pattern
recognition receptors (PRP) like toll—like receptors (TLR), C-type lectin receptors (CLR)
and galectins, which sense the pathogen- associated molecular patterns (PAMPs) on the
fungi. Dectins 1 and 2, CLRs expressed in most dendritic cells, recognize the cell wall
carbohydrate molecule 3-glucan, which activates TLR 2 and 4, causing production of pro-
inflammatory cytokines like IL- 6, 10,12, 17 and TNF «, all of which stimulate the adaptive
immunity [20,21]. In addition to keratinocytes and dendritic cells, neutrophils also play
a pivotal role in innate immunity against dermatophytes. Neutrophils and macrophages
are considered to be the final effector cells in mediating extra and intracellular lysis of the
fungus via oxidative pathway and through release of TNF « [22,23]. A study demonstrated
the role of innate immune response as evidenced by expression of IL-17 as early as 3 days
post fungal infection [24].

4.2. Acquired Immune Response

The comparative role of humoral and cell mediated immunity against dermatophytes
has been debated. While cell-mediated immunity is protective against fungi, certain
antibody responses may also provide protection. Cell-mediated immunity increases the
epidermal proliferation, thus increasing cell turnover and facilitating the elimination of
fungi [11,25]. Overall, elimination of dermatophytoses is mediated by Th 1 type of cell-
mediated immunity while Th2 response predisposes to infection or results in an allergic
response. Thl cells produce cytokines like IFN « and stimulate phagocytosis [26,27].
Th2 response results in production of immunoglobulins and IL- 4, 5, 13 [24,28]. Initially
IFN vy levels are low and IL-10 is high, inhibiting the Th1 response. Over time, there is
decrease in IL-10 and a rise in IFN vy. Thus, IL-10 induces a Th2 response and also plays a
significant role in innate immunity and immune response regulation. IL-10 also prevents
TNF « production, enabling development of a specific immune response [29]. Recently,
the importance and protective role of Th17 cells promoting the Th1l immune response and
inhibiting the Th2 response has been discussed. IL-17 « aids in mobilization of neutrophils
and stimulates defensins, thus resulting in rapid effective control of infections [30,31].

Acute dermatophytosis is associated with a delayed type hypersensitivity reaction,
while persistent infections correlate with inadequate cellular immune responses with
immediate hypersensitivity responses, high levels of IgG4 and IgE antibodies and release of
Th2 cytokines [32,33]. Similarly, chronic dermatophytosis due to association of immediate
hypersensitivity and Th2 cytokines, may have an underlying pathogenesis of allergic
diseases mainly asthma [20].

5. Management
Laboratory Diagnosis

The evolution of clinical presentation and varied manifestation poses a practical
difficulty in differentiating dermatophytoses from non-dermatophytic or non-mycotic der-
matoses. Hence, to initiate appropriate therapy, there is a need for appropriate laboratory
diagnoses. To obtain optimal results, the quality and quantity of the clinical material
examined is critical. Skin scrapings should be collected from the edge of the lesion and
transported on a sterile black chart paper to keep the sample dry, thus preventing bacterial
contamination. This practice is in accordance with the expert consensus [34] and also
reappraised by Pihet [35] et al. in a recent review. The skin scrapings can be collected using
scalpel blades, curettes or the edge of a slide [36,37]. In onychomycosis, the nail clippings
should be collected as proximal as possible due to the fact that there are more hyphae and
more viable hyphae in the proximal part of the nail.

Direct microscopic examination—10-40% KOH mount (10% for skin scrapings and
40% nail clippings) is useful for rapid detection of dermatophytoses. The procedure is sim-
ple, inexpensive, rapid, and efficient screening method as highlighted by Kurade et al. [36],
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Pihet et al. [35] and Mc Kay et al. [37]. The presence of long, smooth, refractile, branching,
undulating, septate hyphal filaments with or without arthroconidiospores, indicates posi-
tive scrapings. The adequacy of sample, the appropriateness of the tool used for sample
collection and expertise of the physician determines the sensitivity and specificity of the
diagnosis [34]. Addition of 36% dimethyl sulfoxide (DMSO) [38] to KOH solution shortens
the time necessary for clearing, does not dry out the fluid, accelerates clearing of thick
scales and imparts transparency to the keratinocytes, aiding in better visualization of the
fungal elements. An alternate contrast stain, Chicago Sky Blue stain [38] is used, along
with 10% KOH as a clearing agent. This stains the fungal hyphae blue against a pink
background making it easier to identify them. Fluorescent staining of the specimen with
an optical brighteners (diaminostilbene), which binds to chitin, a cell wall component of
the fungi, is the most sensitive method to microscopically detect fungi in skin, hair and
nails [39]. Flurochromes [40] like Calcofluor or Blankophor in combination with fluorescent
microscopy makes identification easier, faster and safer than KOH examination. These
fluorochromes binds non-specifically to chitin and glucan which are components of the
fungal cell wall. On exposure to ultraviolet light during fluorescent microscopy, the fungal
filaments and spores appear blue-white in color. Chlorazol black E is a stain having high
affinity for chitin, found in fungal cell walls but not in vertebrate tissues. It stains the cell
walls of filamentous fungi and yeast, a blue-black color. Chorazol black E-stained wet
mounts of fingernail and toenail samples are a valuable diagnostic method for onychomyso-
sis, because it accentuates the presence of even small numbers of fungal hyphae. It has a
high specificity of 98%, and hence can be used as a confirmatory test [41]. Lactophenol Cot-
ton Blue mount [42], aids in microscopic examination of fungal growth characteristics like
the nature of the mycelium, presence or absence of microconidia, shape and morphology
of macroconidia, which helps in identification of various species of dermatophytes.

Fungal culture aids in definitive identification of fungal species. Though it is consid-
ered the gold standard in the diagnosis, its routine use is often omitted as it lacks sensitivity,
has a prolonged turnaround tine and is not readily available [35]. However, its use is recom-
mended in special situations like recalcitrant or extensive cases. Sabaurouds dextrose agar
(SDA) is the most commonly used medium. Modified SDA with additional gentamicin,
chloramphenicol and cycloheximide is more selective for dermatophytes [43]. Dermato-
phyte test medium (DTM) is another isolation medium containing a pH indicator—phenol
red. After incubation at room temperature for 5-14 days, the color of the media changes
from yellow to bright red as the dermatophytes utilize proteins resulting in ammonium
ion release and an alkaline environment. However, in nail infections, dermatophyte test
medium is not routinely used because of too many false positives caused by rapid growers
and other contaminants. Potato dextrose agar (PDA) contains dextrose as a carbohydrate
source, a growth stimulant and potato infusion, nutrient base for luxuriant growth of fungi.
Addition of a specified amount of tartaric acid (10%), inhibits bacterial growth by reducing
the pH of the medium.

Dermatophyte antifungal sensitivity testing has been well recognized by experts [34].
However, current routine use is not feasible in real time settings as it lacks a consistent
correlation between the in-vitro data and clinical outcome.

Species identification is based on the characteristics of colony, morphology and physi-
ologic tests. Identification of dermatophytes can be done based on their macro- or micro-
conidia features.

Dermoscopy has an adjuvant role in the identification of dermatophytosis. Therapeutic
implication of involvement of vellus hair in tinea corporis is an indicator to start systemic
therapy [3]. In tinea capitis, the presence of comma hair, corkscrew hair and fractured
hair shafts have been seen [44]. Dermoscopy is useful in diagnosis of onychomycosis [45].
In distal lateral subungual onychomycosis (DSO), the proximal edge of the onycholytic
area is jagged, with indentations caused by sharp structures called spikes and detached
nail plates have an irregular matte pigmentation distributed in striae, giving an overall
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aurora borealis-like appearance. These three dermoscopic diagnoses have 100% specificity
for DSO.

Histopathology has been used in Majocchi granuloma. Hyphae can be appreciated
in the stratum corneum on H&E staining. Periodic acid Schiff staining and Gomori
methanamine silver stains help in highlighting the fungal hyphae.

Onychomycosis severity index [46], is a simple tool to grade the percentage involve-
ment of nail plate, proximity of infection to nail matrix, presence of dermatophytoma
and degree of subungual hyperkeratosis. Nails with low score are more likely to respond
favourably to conventional therapy, while nails with high scores would be more difficult
to treat.

Molecular methods [47] have been developed to provide more rapid and accurate
alternatives to existing dermatophyte identification methods due to overlapping phenotypic
characteristics, variability and pleomorphism. These include gene-specific PCR, sequencing
of r-RNA gene, chitin synthase encoding gene, PCR fingerprinting and DNA hybridization.
Sequencing of internal transcribed spaces (ITS) regions has proved to be a useful method
for the phylogenetic analysis and identification of dermatophytes. Though useful, the
main hindrance to its application in routine practice is the high cost associated with
the sequencing.

Polymerase chain reaction (PCR) and nucleic acid sequence-based amplification these
not only help in rapid diagnosis but also in detecting drug resistance [3]. Uniplex PCR is
useful for direct fungal detection in clinical samples with sensitivity and specificity of 80.1%
and 80.6% respectively in comparison to culture [48]. Multiplex PCR for fungal detection
in dermatophytes enables detection of 21 dermatomycotic pathogens with DNA detection
using agarose gel electrophoresis.

Matrix assisted laser desorption ionization- time of flight mass spectrometry (MALDI-
TOF-MS) is based on detection of biochemical characteristics, proteolytic degradation
product as a result of fungal activity [34]. It is a promising experimental technique, high-
lighted as a first line, economical, accurate and faster identification method. However, it
cannot be considered a practical tool as a pre-requisite of culture is mandatory and it cannot
be done on clinical samples and is not readily available.

Reflectance confocal microscopy, a new diagnostic technique that provides in-vivo
imaging of epidermis and superficial dermis at cellular level to detect fungal infections and
parasitic infestations on skin [49]. It is noninvasive and has shown to have 100% sensitivity
in a retrospective analysis [49].

6. Treatment

An ideal treatment should have a high cure rate with a low relapse rate, strong anti-
inflammatory action, rapid onset of action, short duration of action with no side effects,
minimal systemic absorption and should be cost effective, safe to be used in pregnancy ad
lactation and in renal and hepatic failure.

6.1. General Measures

Use of loose-fitting clothes made of cotton should be encouraged. Emphasis should
be given on importance of regular use of medicines. Sharing of bed linens, towels, clothes
and shoes should be avoided. All the clothing, especially socks, caps, undergarments,
should be washed in boiling water, sun dried and ironed before reuse. Patients with
risk factors like obesity or excessive sweating should be encouraged to use absorbent
powders, deodorants (to reduce perspiration), frequent changes of clothes and advised
weight reduction appropriately. In tinea pedis, prophylactic use of anti-fungal powders is
advised. Patients should avoid the use of occlusive footwear.

6.2. Medical Management

Topical anti-fungal therapy forms the mainstay of treatment in localized and naive
dermatophytic infections. Topical anti-fungal agents are recommended for dermatophy-
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toses affecting skin and presenting as localized infections. Systemic drugs are indicated for
more extensive infections. Table 1 summarizes the classification of topical and systemic
anti-fungals [50,51]. Combination therapy is expected to have a better clinical and myco-
logical cure than topical or systemic agents used alone. It is preferred to use combination
from different group of antifungals not only for wide coverage, but also for preventing
emergence of resistance.

Indication for use of systemic antifungals [3] (Tables 2—4)

Table 1. Classification of systemic antifungals.

Class Representative Drugs
Heterocyclic benzofuran Griseofulvin
Azoles

Topical clotrimazole, econazole, miconazole, oxiconazole,
Imidazoles luliconazole, butoconazole, fenticonazole
systemic ketoconazole

Fluconazole, itraconazole, voriconazole, posaconazole,

Triazoles isavuconazole

Allylamines Naftifine, terbinafine, butenafine
Benzylamines Butenafine

Echinocandins Caspofungin, micafungin
Piridone derivatives Ciclopirox olamine
Antimetabolite Flucytosine

Oxaborole Tavaborole

Thiocarbamate Tolfanate

Morpholine derivatives Amorolfine HC1

Undecylenic acid, Whitfield ointment, BPO, zinc pyrithione,
Others selenium sulphide, azelaic acid, nikkomycin, icofungipen,
triclosan, eucalyptus oil, dermcidin, macrocarpal C, tetrandrine

Table 2. Dose and duration of systemic antifungals in dermatophytic infection.

Fluconazole Griseofulvin Itraconazole Terbinafine
Adults:250 mg/day x
10-15 mg/kg/day 3—4 weeks.
(ultramicrosize) Children:Granules:
Tinea Capitis bme/ke/day x 20-25 mg/kg/day 5 mg/kg/day x 125 mg (<25 kg),
—6 weeks (microsize suspension) weeks 187.5 mg (25-35 kg) or
x 6-8 weeks 250 mg (>35 kg) x
3-4 weeks
Tinea Corporis/Cruris 2-4 weeks 2-4 weeks 1 week 1 week
I 200 mg/day x 12 weeks
. 1-2 g/day (microsize) or & .
Tinea Unguium ’ érrlgg?rtlgflsfo ' i 750 mg/day " (S;S?ir?‘gxlﬁiigifh 162 V‘\/]Veieklzs
5-7 months for toenails (u :211‘ ai?uc;oilzi)nurlltl for 2—4 consecutive
ails are norma months
Tinea pedis 4-6 weeks 4 weeks 1 week 2 weeks
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Table 3. Paediatric and adult dosing of systemic antifungals.

Systemic Antifungal Per kg Body Weight Dose Adult Dose
Fluconazole 6 mg/kg/week 150450 mg/week

15-20 mg/kg/day (microsize suspension)

Griseofulvin 10-15 mg/kg/day (ultramicrosize suspension) 500 mg/day
Itraconazole 3-5mg/kg/day 200 mg/day
Terbinafine 250 mg/day
Table 4. Mechanism of action of systemic antifungal agents.
Drug Mechanism of Action
caspofungin Fungal cell wall synthesis inhibition
Amphotericin-B, Nystatin Binds to fungal cell membrane ergosterol
Terbinafine Inhibition of lanosterol and ergosterol synthesis
Azoles Inhibition of ergosterol synthesis
5-Flucytosine Inhibition of nucleic acid synthesis
Griseofulvin Disruption of mitotic spindle and inhibition of fungal mitosis

Tinea capitis

Tinea unguium

Dermatophytic infection involving more than one region simultaneously—tinea cor-
poris and cruris, tinea cruris and pedis

Extensive tinea corporis. However, there is no standardized definition of extensive infectiond
Extensive tinea pedis involving the sole, heel and dorsum of the foot

Resistant or recalcitrant or chronic dermatophytosis or patients who fail with topi-
cal therapy.

Various topical agents are available for use in dermatophytoses (Table 5). Various
traditional drugs with no specific antifungal activity [3] such as Whitfields’s ointment and
Castellani’s paint are still in use, however, their efficacy has not been well quantified [3]. A
meta-analysis by Rotta et al. [52] evaluated the efficacy of antifungals involving 14 topical
agents. It included 65 randomized controlled trials (RCT) comparing the efficacy of topical
agents with one another and placebo. Mycological cure and sustained cure were considered
for evaluation of efficacy. There was no statistically significant difference among antifungals
with respect to mycological cure. For sustained cures, butenafine and terbinafine was found
to be superior to clotrimazole. In pairwise comparison butenafine and terbinafine was
found to be superior to oxiconazole, clotrimazole and sertaconazole. Terbinafine was
superior to ciclopirox and naftifine superior to oxiconazole [3]. A Cochrane Review on
use of topical antifungals in tinea corporis and cruris reported terbinafine and naftifine to
be effective with fewer side effects [53]. Topical azoles were also found to be effective as
estimated by clinical and mycological cure. Difference in efficacy between antifungals is
mainly due to fewer applications and shorter duration of treatment compared to others. As
per the Cochrane Review, systemic therapy is used for mainly chronic infection or failure of
topical therapy and in severe forms of the disease. In a meta-analysis of 11 RCTs terbinafine
and naftifine showed slightly higher cure rates than an azole [54]. Nystatin is not effective
in dermatophytic infection, while topical naftifine gel is effective in both interdigital and
moccasin type of tinea pedis [55].
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Table 5. Summary of topical antifungals in dermatophytic infections.

Azole Preparations Site Frequency of Application Duration of Use
Imidazoles (%)
Clotrimazole (1) Cream, lotion T. corporis/cruris/pedis/capitis BD 4-6 weeks
Econazole (1) Cream T. corporis/cruris/pedis/capitis OD-BD 4-6 weeks
Miconazole (1) Cream, lotion T. corporis/cruris/pedis/capitis BD 4-6 weeks
Oxiconazole (2) Cream, lotion T. corporis/cruris/pedis/capitis OD-BD 4 weeks
Sertaconazole (2) Cream T. corporis/cruris/pedis/capitis BD 4 weeks
Luliconazole (1) Cream, lotion T. corporis/cruris/pedis/capitis OD 2 weeks
Eberconazole (1) Cream T. corporis/cruris/pedis/capitis OD 2—-4 weeks
Triazoles (%)
Efinaconazole (10) Solution T. pedis OD Co-e}(JisPtitr?;tzir‘\/\égeﬁgiﬁium
Allylamines
Terbinafine Cream, powder T. corporis/ capitis BD 2 weeks
T. cruris BD 2 weeks
T. pedis BD 4 weeks
T. manum BD 4 weeks
Naftifine 1% Cream T. corporis/cruris/pedis/capitis OD-BD reg(?fu%i;eglf(sé;;};gfns
Butenafine 1% Cream T. corporis/cruris/pedis OD-BD 2—4 weeks
Others
Amolorfine 0.25% Cream T. corporis BD 4 weeks
Amphoteé‘.ilc (1,/? B (1 mg) Lipid-based gel T. corporis BD 2 weeks

Ciclopiroxolamine 1%

Cream, lotion

T.corporis/cruris/pedis BD 2-4 weeks

6.2.1. Tinea Corporis/Cruris

Expert consensus recommends the use of topical antifungal in naive cases and when
the infection is limited to superficial keratinized tissue [34]. Superiority of any given class of
topical antifungal has not been established clearly in clinical trials [34]. However, as per the
current situation, experts favor the use of azoles over allylamines due to their antibacterial,
anti-inflammatory and broad-spectrum antifungal properties [56]. Systemic therapy is
indicated in extensive lesions or lesions with papulopustules, dermoscopic involvement of
vellous hair and recalcitrant infection. Terbinafine (250 mg) once daily and itraconazole
(100200 mg/day) are equally effective in naive cases. In recalcitrant cases, itraconazole
(200400 mg) in divided doses along with topical antifungals is recommended by the
experts [3]. Minimum duration of therapy should be 2—4 weeks in naive and 4 weeks in
recalcitrant cases. The value of examining and identifying close contacts and their treatment
should be emphasized. Patients should be advised to avoid body contact sports.

6.2.2. Tinea Incognito

This is a superficial dermatophytic infection modified by improper use of steroids or
utilization of immunomodulators, making it difficult to diagnose clinically [57]. The classi-
cal picture is masked and suppressed but the lesions relapse on stopping the administration
of creams. Also, it can present as purulent folliculitis. Expert consensus recommends
abrupt stopping of topical corticosteroids, except for steroid-induced rosacea. Itraconazole
(200-400 mg per day) for 4-6 weeks is recommended in these patients [34].

Systemic antifungals are indicated in extensive involvement and those for whom
topical treatments fail. Terbinafine and itraconazole are commonly prescribed. Griseofulvin
and fluconazole are effective, but require prolonged duration of the treatment. A study
comparing itraconazole (100 mg/day) with ultramicronized griseofulvin (500 mg/day) for
tinea corporis/cruris showed significantly higher clinical and mycological outcome with
itraconazole after 2 weeks [58]. A similar study comparing griseofulvin and terbinafine
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(both 500 mg/day for 6 weeks), showed mycological cure rates of 73% and 87%, respec-
tively [59]. Another double blind study, comparing itraconazole (100 mg/day) and grise-
ofulvin (500 mg/day), found the former to have better efficacy in providing clinical and
mycological cures [60]. A systematic review of systemic antifungals showed terbinafine to
be more effective compared to griseofulvin. Terbinafine was found to have similar efficacy
to itraconazole [61].

6.2.3. Tinea Pedis

Fungal infections of the foot are classified based on the site i.e., sole of the foot, lateral
aspect of foot (moccasin) (most severe and chronic form) and in between the toes (inter-
digital; the most common type). Tinea pedis may be associated with secondary bacterial
infections, immunological reactions and perifollicular granulomatous inflammation [62].

Topical therapy is the first line treatment. Since, secondary bacterial infections can
occur, so it is recommended to use antifungals with antibacterial properties like ciclopirox-
olamine, miconazole nitrate, naftifine hydrochloride and sulconazole. Patient compliance
is very important, as patients tend to stop therapy on improvement of clinical symptoms,
prior to completing the full regimen, thus contributing to reinfection or relapse.

Systemic therapy is given in severe cases and in those of non-response to topical
therapy. Terbinafine (250 mg/day) for 2-6 weeks has clinical cure rates of 75-85% and my-
cological cure rates of 77-83% at the end of 6 weeks [63]. Itraconazole (200 mg twice daily)
for 7 days showed a mycological and clinical cure rate of 79% and 93%, respectively [64].
Fluconazole (50 mg daily or 150 mg/week for 6 weeks) had a mycological and clinical cure
rate of 93% and 79%, respectively.

Various topical agents, including terbinafine, butenafine, naftifine, ciclopirox, clotrima-
zole, econazole, miconazole, sertraconazole and luliconazole, have been used. Mycological
and clinical cure was achieved in 67-95% and 60-80% of cases, respectively, with 1%
terbinafine cream [65]. With terbinafine spray mycological and clinical cure rates range
from 85-92% and 66-83%, respectively. Ciclopiroxolamine is FDA approved for use in
tinea pedis caused by T. rubrum, T. interdigitale, E. floccosum and M. canis [66]. When used
as 0.77% cream/gel twice daily for 4 weeks it resulted in clinical and mycological cure
rates of 51.4% and 88.8%, respectively, after 8 weeks. Side effects were comparable to
placebo [67]. Sertaconazole 2% cream twice daily for 4 weeks produced a high efficacy
rate of 88.9-90.6% with no side effects. Luliconazole 1% cream once a day for 2 weeks
showed complete clearance in 26.4% in 28 days post-treatment. Econazole 1% foam has
been recently approved by the FDA. This novel water lipid delivery system aids in drug
delivery and restoration of damaged skin [68] Foam formulations are easier to apply and
aesthetically more pleasing. Once a day application showed a mycological cure of 67.6%
after 4 weeks. Trials have shown the efficacy of naftifine gel in treating moccasin tinea
pedis. Naftifine has antifungal, anti-inflammatory and antibacterial properties [69]. Phase
III trials with gel used once daily for 2 weeks showed complete cure in 19.2% of patients
and a mycological cure rate of 65.8% at 4 weeks post-treatment [55].

6.2.4. Tinea Capitis

This is a superficial fungal infection located primarily in the hair follicles and surround-
ing skin. The goals of treatment include alleviation of symptoms, clinical and mycological
cure and prevention of further transmission. Systemic therapy is indicated to achieve
mycological cure. Griseofulvin is FDA approved for treatment and has 88-100% efficacy.
Terbinafine is FDA-approved for use in children >2 years of age; treatment is usually
prolonged for 6-8 weeks. Efficacy rates of terbinafine and griseofulvin are dependent
on the causative organism. T capitis due to T tonsurans responded better to terbinafine
(47.7-56.1%) than griseofulvin (34.4-36.5%). Infections caused by M. canis responded better
to griseofulvin (35.1-51.1%) compared to terbinafine (23-30.6%) [70,71]. Itraconazole pulse
therapy is effective and improves patient compliance in children. It is given at a dose of
5 mg/kg/day for a week, with a 2 week gap between the second and third pulse; thus pro-
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duced complete clearance of 100% 12 weeks after treatment [72]. Shampoos like selenium
sulfide, ciclopirox and zinc pyrithrone twice weekly, given in combination with systemic
therapy, are a preventive measure to treat asymptomatic carriers [63].

6.2.5. Tinea Unguium

This is dermatophytic infection of the nail plate with high recurrence rates, which is
difficult to treat, affecting 12-13% of the population [66]. Most common species causing
nail infections are T. rubrum and T. interdigitale. The most common presentation is distal
lateral subungual onychomycosis. The success of treatment depends on the nail growth.
Fingernails show faster growth than toenails, hence need shorter treatment and have higher
success rates compared to toenails, which usually take 12-18 months to grow [63,73]. The
gold standard of cure in Tinea ungiuim is clinical cure, not mycological cure. Complete cure
is defined as combination of both clinical and mycological cure. A combination of topical
and systemic therapy is recommended. Nail avulsion with urea followed by bifonazole
is a treatment option and is more attractive than surgical nail avulsion. Commonly used
drugs are terbinafine and itraconazole and fluconazole, with VT 1161, in early development.
Systemic antifungals like terbinafine and itraconazole are prescribed for 12 weeks for
toenails and fluconazole for 9-18 months. Topical antifungals need to be continued for up
to 48 weeks until healthy nail growth is complete.

Topical antifungals are mainly used for mild to moderate cases of onychomycosis or
for single nail infections. Amorolfine 5% and ciclopirox 8% are the most commonly used
agents, while efinaconazole 10% and tavaborole 5% have been recently introduced [66].
Also, laundering gloves and socks in 60° C wash for 45 mins aids in destroying residual
fungal matter [74]. Maintenance of proper nail and foot hygiene, avoiding occlusive
footwear and ill-fitting shoes, timely treatment of cases and contacts may also decrease the
risk of recurrence or reinfections [75].

Systemic drugs can be given as daily or pulse therapy. A meta-analysis concluded
that 250 mg daily terbinafine and 400 mg pulsed itraconazole were superior to fluconazole
and other topical agents [76]. Though multiple regimens are available for terbinafine, a
meta-analysis supports continuous terbinafine over pulse regimen [77]. Itraconazole is
found to be effective as a continuous regimen of 200 mg/day for 12 weeks or as pulse
therapy of 200 mg twice daily for a week, then a 3 week gap. Such three pulse treatments
are recommended for toenails and two pulses for fingernail infections. Itraconazole has
advantage that it is not only used for tinea unguium, but also effective for mixed and non-
dermatophytic mold infections.

7. Special Situations
7.1. Majocchi Granuloma

This is a deep dermatophytic infection that occurs due to progressive dissemination
of the fungus into the subcutis, most commonly caused by T rubrum. Any trauma can
allow fungi to reach the reticular dermis leading to cellular destruction reducing the
dermal pH, hence, making the milieu suitable for fungal survival, most commonly seen
in immunocompromised individuals. Inadvertent use of topical steroids is a risk for its
development. Systemic antifungals like terbinafine 250 mg/day for 4-6 weeks, itraconazole
400 mg/day for a week every month for 2 months, have shown to be successful treatment
options [3].

7.2. Immunosuppression and Pregnancy

In patients with HIV, dermatophytosis tends to have more extensive and character-
istic morphology that may not be seen due to their suppressed immunity. In a patient
with chronic illness like renal /hepatic impairment or patients on polypharmacy, caution
should be taken while prescribing systemic antifungals. In patients with renal impair-
ment, terbinafine clearance is reduced significantly, hence, dose adjustment is advisable
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or alternate drug should be preferred. In hepatic impairment, itraconazole should be
avoided [3,34].

In pregnancy, systemic antifungal use should be avoided. Category B topical drugs
such as clotrimazole, terbinafine, ciclopirox, naftifine and oxiconazole are preferred. Econa-
zole, miconazole, ketoconazole, selenium sulfide are category C drugs and should be
avoided. Some of these oral medications are high risk for the extremely rare but potentially
life-threatening drug reaction called Steven-Johnson syndrome/toxic epidermal necrosis
(Ref). Terbinafine is the only oral antifungal with pregnancy category B. However, adequate
data on its use is not available [3,34].

7.3. Elderly

Treatment should be tailored as per patient need, site and extent of involvement.
Comorbidities and possibility of drug interactions should be taken into account prior to
starting therapy [3,34].

7.4. Children

This infection is relatively less common, with 3% prevalence in India. We recommend
the use of topical agents, owing to rapid cell turnover in children, which facilitates better
clinical outcomes [34]. In recalcitrant/extensive dermatophytosis, fluconazole or terbinafine
(>2 yrs) can be used with caution [34].

Factors Responsible for Clinical Failure of Antifungal Therapy [78].

Three factors play a role in the clinical failure of therapy—recurrence, resistance and
remedy. Recurrence—the clinical failure to antifungals—is either due to persistent or recur-
rence of infection, presenting clinically as an initial response followed by extension/spread
of lesions or as complete clinical remission followed immediately by reappearance of lesions
or no clinical response to antifungals. Such situations indicate recalcitrant clinical types,
persisting predisposing factors and drug resistance. Recalcitrant clinical types—chronicity—
can result in extension and spread of the lesions due to inadequate treatment. Also, they act
as a reservoir of infection. Involvement of vellus hair can lead to clinical failure of topical
therapy and warrants the use of systemic antifungal agents. Also, invasive dermatophyto-
sis and tinea unguium act as a reservoir of infection and can also result in chronic infection.
Persisting predisposing factors—various host and environmental factors—promote recur-
rence or persistence of infection like presence of comorbidities, changes in climate, lifestyle,
attitude towards health. Hot and humid climate, tight fitting clothes provide occlusive
milieu where dermatophytes can thrive. Attitudinal changes such as reluctance to seek
medical opinion, non-compliance, unrealistic demand of quick relief and self-medication
augment the existing problem. Inappropriate antifungal therapy—inappropriate selection,
inadequate dose and duration of therapy result in partial response or rapid recurrence of
infection, also facilitates drug resistance. Self-medications with topical steroid- containing
creams increase the prevalence of recalcitrant clinical variants. Quality of drugs—due
to increased availability of various brands of antifungals and issues related to quality
control are a real concern. Use of less efficacious molecules can lead to clinical failure and
drug resistance. Resistance—the selective pressure of immune response and antifungal
agents—results in selection of resistant strains. The mechanisms of drug resistance include
decrease in drug uptake, structural alterations in target site, increase in intracellular targets,
increased drug efflux and formation of biofilms. The in vitro resistance is determined by
MIC, but in dermatophytosis the in vitro resistance based on MIC does not always correlate
with clinical resistance. Hence, MIC of an antifungal drug is not the sole factor predicting
clinical cure or clinical failure. Remedy—modification of pharmacotherapy—is not the
only solution. There is a need to formulate an effective strategy to literate the population
regarding predisposing factors, adverse effects of over-the-counter drugs, need to expert
opinion, importance of adhering to expert’s advice and preventive measures to control
drug resistance by judicious use of antifungal agents, in proper doses and preferring use
of combination therapy with different mechanism of action. Also, new targets have been
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identified for new antifungal agents to combat drug resistant strains. The putative targets
include genes and proteins, virulence factors like keratinase, proteases, elastases, lipase,
sulfite transporters, heat shock protein 90 and ATP binding cassette transporters.

8. Conclusions

Successful management of dermatophytosis has increasingly become challenging ow-
ing to the changing epidemiological factors and the emergence of drug resistant organisms.
Appropriate dose and duration of drug in a compliant patient helps achieve successful
mycological cure. In addition to pharmacological therapy, general measures and lifestyle
changes also play a crucial role in preventing recurrences. Improved diagnostic tests and
novel immunomodulatory therapy portend advances in disease management.

Author Contributions: Writing and revising the manuscript, SR ].; Review and revising the manuscript,
AP,YG, CJ.C,RAS,S.G.; Conception, writing, review and revising the manuscript, M.G. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gupta, A K,; Ryder, J.E.; Chow, M.; Cooper, E.A. Dermatophytosis: The management of fungal infections. Skinmed 2005, 4,
305-310. [CrossRef] [PubMed]

2. Weitzman, I.; Summerbell, R.C. The dermatophytes. Clin. Microbiol. Rev. 1995, 8, 240-259. [CrossRef]

3. Mahajan, R.; Sahoo, A.K. Management of tinea corporis, tinea cruris, and tinea pedis: A comprehensive review. Indian Dermatol.
Online J. 2016, 7, 77-86. [CrossRef] [PubMed]

4. Jerajani, H.; Janaki, C.; Kumar, S.; Phiske, M. Comparative assessment of the efficacy and safety of sertaconazole (2%) cream
versus terbinafine cream (1%) versus luliconazole (1%) cream in patients with dermatophytoses: A pilot study. Indian ]. Dermatol.
2013, 58, 34-38. [CrossRef] [PubMed]

5. Havlickova, B.; Czaika, V.A.; Friedrich, M. Epidemiological trends in skin mycoses worldwide. Mycoses 2008, 51 (Suppl. 4), 2-15.
[CrossRef]

6. Lakshmanan, A.; Ganeshkumar, P.; Mohan, S.R.; Hemamalini, M.; Madhavan, R. Epidemiological and clinical pattern of
dermatomycoses in rural India. Indian J. Med. Microbiol. 2015, 33, 134-136. [CrossRef] [PubMed]

7. Sharma, Y;; Jain, S.; Chandra, K.; Khurana, V.K.; Kudesia, M. Clinico-mycological evaluation of dermatophytes and non-
dermatophytes isolated from various clinical samples: A study from north India. . Res. Med. Sci. 2012, 17, 817-818.

8. Agarwal, U,; Saran, ].; Agarwal, P. Clinico-mycological study of dermatophytes in a tertiary care centre in northwest India. Indian
J. Dermatol. Venereol. Leprol. 2014, 80, 194. [CrossRef]

9.  Sahai, S.; Mishra, D. Change in spectrum of dermatophytes isolated from superficial mycoses cases: First report from Central
India. Indian ]. Dermatol. Venereol. Leprol. 2011, 77, 335-336. [CrossRef]

10. Poojary, S.; Miskeen, A.; Bagadia, ].; Jaiswal, S.; Uppuluri, P. A study of In vitro antifungal susceptibility patterns of dermatophytic
fungi at a tertiary care center in Western India. Indian J. Dermatol. 2019, 64, 277-284. [CrossRef] [PubMed]

11. Singh, A.; Masih, A.; Khurana, A.; Singh, PK.; Gupta, M.; Hagen, E; Meis, J.F; Chowdhary, A. High terbinafine resistance
in Trichophyton interdigitale isolates in Delhi, India harbouring mutations in the squalene epoxidase gene. Mycoses 2018, 61,
477-484. [CrossRef]

12.  Rudramurthy, S.M.; Shankarnarayan, S.A.; Dogra, S.; Shaw, D.; Mushtaq, K.; Paul, R.A.; Narang, T.; Chakrabarti, A. Mutation in
the Squalene Epoxidase Gene of Trichophyton interdigitale and Trichophyton rubrum Associated with Allylamine Resistance.
Antimicrob. Agents Chemother. 2018, 62, €02522-17. [CrossRef]

13. Dabeas, Y.; Xess, L; Singh, G.; Pandey, M.; Meena, S. Molecular identification and antifungal susceptibility patterns of clinical
dermatophytes following CLSI and EUCAST guidelines. J. Fungi 2017, 3, 17. [CrossRef] [PubMed]

14. Carrillo-Meléndrez, H.; Ortega-Hernandez, E.; Granados, J.; Arroyo, S.; Barquera, R.; Arenas, R. Role of HLA-DR Alleles to
Increase Genetic Susceptibility to Onychomyecosis in Nail Psoriasis. Ski. Appendage Disord. 2016, 2, 22-25. [CrossRef]

15. Garcia-Romero, M.T.; Arenas, R. New Insights into Genes, Immunity, and the Occurrence of Dermatophytosis. J. Investig. Dermatol.

2015, 135, 655-657. [CrossRef]


http://doi.org/10.1111/j.1540-9740.2005.03435.x
http://www.ncbi.nlm.nih.gov/pubmed/16282753
http://doi.org/10.1128/CMR.8.2.240
http://doi.org/10.4103/2229-5178.178099
http://www.ncbi.nlm.nih.gov/pubmed/27057486
http://doi.org/10.4103/0019-5154.105284
http://www.ncbi.nlm.nih.gov/pubmed/23372210
http://doi.org/10.1111/j.1439-0507.2008.01606.x
http://doi.org/10.4103/0255-0857.150922
http://www.ncbi.nlm.nih.gov/pubmed/25657132
http://doi.org/10.4103/0378-6323.129434
http://doi.org/10.4103/0378-6323.79718
http://doi.org/10.4103/ijd.IJD_456_18
http://www.ncbi.nlm.nih.gov/pubmed/31516136
http://doi.org/10.1111/myc.12772
http://doi.org/10.1128/AAC.02522-17
http://doi.org/10.3390/jof3020017
http://www.ncbi.nlm.nih.gov/pubmed/29371535
http://doi.org/10.1159/000446444
http://doi.org/10.1038/jid.2014.498

J. Fungi 2022, 8, 39 13 of 15

16.

17.

18.
19.

20.
21.
22.

23.

24.

25.

26.

27.
28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Sardana, K.; Gupta, A.; Mathachan, S.R. Immunopathogenesis of dermatophytoses and factors leading to recalcitrant infections.
Indian Dermatol. Online J. 2021, 12, 389-399. [CrossRef] [PubMed]

Sugita, K.; Kabashima, K.; Atarashi, K.; Shimauchi, T.; Kobayashi, M.; Tokura, Y. Innate immunity mediated by epidermal
keratinocytes promotes acquired immunity involving Langerhans cells and T cells in the skin. Clin. Exp. Immunol. 2006, 147,
176-183. [CrossRef]

Calderon, R.A. Immunoregulation in dermatophytosis. Crit. Rev. Microbiol. 1989, 16, 339-368. [CrossRef]

Reis, A.P.C.; Correia, EF; Jesus, T.M.; Pagliari, C.; Sakai-Valente, N.Y.; Belda Junior, W.; Criado, PR.; Benard, G.; Sousa, M.G.T. In
situ immune response in human dermatophytosis: Possible role of Langerhans cells (CD1a+) as a risk factor for dermatophyte
infection. Rev. Inst. Med. Trop. Sao Paulo 2019, 61, €56. [CrossRef] [PubMed]

Tainwala, R.; Sharma, Y.K. Pathogenesis of dermatophytoses. Indian ]. Dermatol. 2011, 56, 259-261. [CrossRef]

Dahl, M.V. Dermatophytosis and the immune response. . Am. Acad. Dermatol. 1994, 3 Pt 2, S34-541. [CrossRef]

Bressani, V.O.; Santi, T.N.; Domingues-Ferreira MAlmeida, A.; Duarte, A.J.; Moraes-Vasconcelos, D. Characterization of the
cellular immunity in patients presenting extensive dermatophytoses due to Trichophyton rubrum. Mycoses 2013, 56, 281-288.
[CrossRef] [PubMed]

Brasch, J. Current knowledge of host response in human tinea. Mycoses 2009, 52, 304-312. [CrossRef]

Verma, A.H.; Gaffen, S.L. Dermatophyte Immune Memory Is Only Skin-Deep. J. Investig. Dermatol. 2019, 139, 517-519. [CrossRef]
[PubMed]

Koga, T. Immune surveillance against dermatophyte infection. In Fungal Immunology: From an Organ Perspective, 1st ed.; Fidel,
PL., Huffnagle, G.B., Eds.; Springer: New York, NY, USA, 2005; pp. 443-452.

Waldman, A.; Segal, R.; Berdicevsky, L; Gilhar, A. CD4+ and CD8+T cells mediated direct cytotoxic effect against Trichophyton
rubrum and Trichophyton mentagrophytes. Int. J. Dermatol. 2010, 49, 149-157. [CrossRef] [PubMed]

Traynor, T.R.; Huffnagle, G.B. Role of chemokines in fungal infections. Med. Mycol. 2001, 39, 41-50. [CrossRef]

Al, HM,; Fitzgerald, S.M.; Saoudian, M.; Krishnaswamy, G. Dermatology for the practicing allergist, Tinea pedis and its
complications. Clin. Mol. Allergy 2004, 2, 5.

Saraiva, M.; O’garra, A. The regulation of IL-10 production by immune cells. Nat. Rev. Immunol. 2010, 10, 170. [CrossRef]
Gaffen, S.L.; Hernandez-Santos, N.; Peterson, A.C. IL-17 signaling in host defense against Candida albicans. Immunol. Res. 2011,
50, 181-187. [CrossRef]

Huppler, A.R.; Conti, H.R.; Hernandez-Santos, N.; Darville, T.; Biswas, P.S.; Gaffen, S.L. Role of neutrophils in IL-17 dependent
immunity to mucosal candidiasis. J. Immunol. 2014, 192, 1745-1752. [CrossRef]

Woodfolk, J.A.; Sung, S.S.; Benjamin, D.C.; Lee, ] K.; Platts-Mills, T.A. Distinct human T cell repertoires mediate immediate and
delayed-type hypersensitivity to the Trichophyton antigen, Tri r 2. |. Immunol. 2000, 165, 4379-4387. [CrossRef]

Woodfolk, J.A.; Wheatley, L.M.; Piyasena, R.V.,; Benjamin, D.C.; Platts-Mills, T.A.E. Trichophyton Antigens Associated with IgE
Antibodies and Delayed Type Hypersensitivity. J. Biol. Chem. 1998, 273, 29489-29496. [CrossRef]

Rajagopalan, M.; Inamadar, A.; Mittal, A.; Miskeen, A.K,; Srinivas, C.R.; Sardana, K.; Godse, K.; Patel, K.; Rengasamy, M.;
Rudramurthy, S.; et al. Expert Consensus on The Management of Dermatophytosis in India (ECTODERM India). BMC Dermatol.
2018, 18, 6. [CrossRef]

Pihet, M.; Le Govic, Y. Reappraisal of Conventional Diagnosis for Dermatophytes. Mycopathologia 2017, 182, 169-180. [CrossRef]
Kurade, S.; Amladi, S.; Miskeen, A. Skin scraping and a potassium hydroxide mount. Indian J. Dermatol. Venereol. Leprol. 2006, 72,
238-241. [CrossRef] [PubMed]

McKay, M. Office techniques for dermatologic diagnosis. In Clinical Methods, the History, Physical, and Laboratory Examinations;
Walker, H.K., Hall, W.D., Hurst, ] W., Eds.; Butterworths: Boston, MA, USA, 1990; pp. 540-543.

Ahmad, M.R; Javed, I.; Mushtaq, S. Evaluation of Chicago sky blue stain against Potassium Hydroxide-Dimethyl Sulfoxide wet
mount in the identification of dermatophytes. J. Fatima [innah Med. Univ. 2020, 14, 83-86. [CrossRef]

Lasseter, G.; Palmer, M.; Morgan, J.; Watts, J.; Yoxall, H.; Kibbler, C.; McNulty, C.; Members of the HPA GP Microbiology
Laboratory Use Group. Developing best practice for fungal specimen management: Audit of UK microbiology laboratories. Br. J.
Biomed. Sci. 2011, 68, 197-202. [CrossRef]

Ovrén, E.; Berglund, L.; Nordlind, K.; Rollman, O. Dermatophytosis: Fluorostaining enhances speed and sensitivity in direct
microscopy of skin, nail and hair specimens from dermatology outpatients. Mycoses 2016, 59, 436—441. [CrossRef] [PubMed]
Sumathi, S.; Pandit, V.S,; Patil, S.; Adavi, V. A cross sectional clinicomycological study of dermatophytosis in a tertiary care
hospital, North Karnataka, India. IP Int. . Med. Microbiol. Trop. Dis. 2018, 4, 166-170.

Thomas, P.A.; Kaliamurthy, J.; Jesudasan, C.A.N.; Geraldine, P. Use of Chlorazol Black E Mounts of Corneal Scrapes for Diagnosis
of Filamentous Fungal Keratitis. Am. J. Ophthalmol. 2008, 145, 971-976. [CrossRef] [PubMed]

Singh, J.; Zaman, M.; Gupta, A. Evaluation of microdilution and disk diffusion methods for antifungal susceptibility testing of
dermatophytes. Med. Mycol. 2007, 45, 595-602. [CrossRef]

Slowinska, M.; Rudnicka, L.; Schwartz, R.A. Comma hairs—A dermoscopic marker for tinea capitis. A rapid diagnostic method.
J. Am. Acad. Dermatol. 2008, 59, S77-S79. [CrossRef]

Piraccini, B.; Balestri, R.; Starace, M.; Rech, G. Nail digital dermoscopy (Onychoscopy) in the diagnosis of onychomycosis. J. Eur.
Acad. Dermatol. Venereol. 2013, 27, 509-513. [CrossRef]


http://doi.org/10.4103/idoj.IDOJ_503_20
http://www.ncbi.nlm.nih.gov/pubmed/34211904
http://doi.org/10.1111/j.1365-2249.2006.03258.x
http://doi.org/10.3109/10408418909104472
http://doi.org/10.1590/s1678-9946201961056
http://www.ncbi.nlm.nih.gov/pubmed/31618376
http://doi.org/10.4103/0019-5154.82476
http://doi.org/10.1016/S0190-9622(08)81265-0
http://doi.org/10.1111/myc.12018
http://www.ncbi.nlm.nih.gov/pubmed/23145831
http://doi.org/10.1111/j.1439-0507.2008.01667.x
http://doi.org/10.1016/j.jid.2018.10.022
http://www.ncbi.nlm.nih.gov/pubmed/30797318
http://doi.org/10.1111/j.1365-4632.2009.04222.x
http://www.ncbi.nlm.nih.gov/pubmed/19968718
http://doi.org/10.1080/mmy.39.1.41.50
http://doi.org/10.1038/nri2711
http://doi.org/10.1007/s12026-011-8226-x
http://doi.org/10.4049/jimmunol.1302265
http://doi.org/10.4049/jimmunol.165.8.4379
http://doi.org/10.1074/jbc.273.45.29489
http://doi.org/10.1186/s12895-018-0073-1
http://doi.org/10.1007/s11046-016-0071-y
http://doi.org/10.4103/0378-6323.25794
http://www.ncbi.nlm.nih.gov/pubmed/16766846
http://doi.org/10.37018/ybro2935
http://doi.org/10.1080/09674845.2011.11730350
http://doi.org/10.1111/myc.12491
http://www.ncbi.nlm.nih.gov/pubmed/26931645
http://doi.org/10.1016/j.ajo.2008.01.020
http://www.ncbi.nlm.nih.gov/pubmed/18355791
http://doi.org/10.1080/13693780701549364
http://doi.org/10.1016/j.jaad.2008.07.009
http://doi.org/10.1111/j.1468-3083.2011.04323.x

J. Fungi 2022, 8, 39 14 of 15

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.
65.

66.

67.

68.

69.

70.

71.

Carney, C.; Tosti, A.; Daniel, R.; Scher, R.; Rich, P.; DeCoster, J.; Elewski, B. A New Classification System for Grading the Severity
of Onychomycosis. Arch. Dermatol. 2011, 147, 1277-1282. [CrossRef]

Li, H.C.; Bouchara, J.-P.,; Hsu, M.M.-L.; Barton, R.; Su, S.; Chang, T.C. Identification of dermatophytes by sequence analysis of the
rRNA gene internal transcribed spacer regions. J. Med. Microbiol. 2008, 57, 592-600. [CrossRef] [PubMed]

Yang, C.Y,; Lin, T.L.; Tzung, T.Y.; Cheng, L.C.; Wang, ].T.; Jee, S.H. Direct identification of dermatophyte DNA from clinical
specimens by a nested polymerase chain reaction assay. Arch. Dermatol. 2007, 143, 799-800. [CrossRef]

Friedman, D.; Friedman, P.C.; Gill, M. Reflectance confocal microscopy: An effective diagnostic tool for dermatophytic infections.
Cutis 2015, 5,93-97.

Grillot, R.; Lebeau, B. Systemic antifungal agents. In Antimicrobial Agents; Bryskier, M.D., Ed.; ASM Press: Washington, DC, USA,
2005; pp. 1260-1287.

High, W.A_; Fitzpatrick, ].E. Topical antifungal agents. In Fitzpatrick’s Dermatology in General Medicine, 8th ed.; Tata McGraw Hill:
New Delhi, India, 2012; pp. 2116-2121.

Rotta, I.; Ziegelmann, PX.; Otuki, M.E; Riveros, B.S.; Bernardo, N.L.; Correr, C.J. Efficacy of topical antifungals in the treatment of
dermatophytosis: A mixed-treatment comparison meta-analysis involving 14 treatments. JAMA Dermatol. 2013, 149, 341-349.
[CrossRef] [PubMed]

El-Gohary, M.; van Zuuren, E.J.; Fedorowicz, Z.; Burgess, H.; Doney, L.; Stuart, B.; Moore, M.; Little, P. Topical antifungal
treatments for tinea cruris and tinea corporis. Cochrane Database Syst. Rev. 2014, 8, CD009992. [CrossRef] [PubMed]
Haedersdal, M.; Svejgaard, E.L. Systematic treatment of tinea pedis—Evidence for treatment? A result of a Cochrane review.
Ugeskr. Laeger 2003, 165, 1436-1438.

Stein Gold, L.E; Vlahovic, T.; Verma, A.; Olayinka, B.; Fleischer, A.B., Jr. Naftifine hydrochloride gel 2%: An effective topical
treatment for moccasin-type tinea pedis. J. Drugs Dermatol. 2015, 14, 1138-1144.

Van Zuuren, E.J.; Fedorowicz, Z.; El-Gohary, M. Evidence-based topical treatments for tinea cruris and tinea corporis: A summary
of a Cochrane systematic review. Br. J. Dermatol. 2015, 172, 616-641. [CrossRef]

Dutta, B.; Rasul, E.; Boro, B. Clinico-epidemiological study of tinea incognito with microbiological correlation. Indian J. Dermatol.
Venereol. Leprol. 2017, 83, 326-331. [CrossRef]

Lesher, J.L., Jr. Oral therapy of common superficial fungal infections of the skin. J. Am. Acad. Dermatol. 1999, 40, S31-S34.
[CrossRef]

Bourlond, A.; Lachapelle, ].M.; Aussems, J.; Boyden, B.; Campaert, H.; Conincx, S.; Decroix, J.; Geeraerts, C.; Ghekiere, L.; Morias,
J.; et al. Double-blind comparison of itraconazole with griseofulvin in the treatment of tinea corporis and tinea cruris. Int. J.
Dermatol. 1989, 28, 410-412. [CrossRef] [PubMed]

Panagiotidou, D.; Kousidou, T.; Chaidemenos, G.; Karakatsanis, G.; Kalogeropoulou, A.; Teknetzis, A.; Chatzopoulou, E.;
Michailidis, D. A comparison of itraconazole and griseofulvin in the treatment of tinea corporis and tinea cruris: A double-blind
study. J. Int. Med. Res. 1992, 20, 392-400. [CrossRef]

Bell-Syer, S.E.; Khan, S.M.; Torgerson, D.J. Oral treatments for fungal infections of the skin of the foot. Cochrane Database Syst. Rev.
2012, 10, CD003584. [CrossRef] [PubMed]

Ikit, M.; Durdu, M. Tinea pedis: The etiology and globalepidemiology of a common fungal infection. Crit. Rev. Microbiol. 2014,
41, 374-388. [CrossRef] [PubMed]

Gupta, A.K.; Cooper, E.A. Update in antifungal therapy of dermatophytosis. Mycopathologia 2008, 166, 353-367. [CrossRef]
Tausch, I.; Decroix, J.; Gwiezdzinski, Z.; Urbanowski, S.; Baran, E.; Ziarkiewicz, M.; Levy, G.; del Palacio, A. Short-term
itraconazole versus terbinafine in the treatment of tinea pedis or manus. Int. J. Dermatol. 1998, 37, 140-142. [CrossRef]

Novartis Pharmaceuticals Canada Inc. Pr LAMISIL*. (Terbinafine Hydrochloride) 250 mg Tablets (Expressed as Base) Topical Cream 1%
w/w (10 mg/g) Topical Spray Solution 1% w/w (10 mg/g); Antifungal Agent; Novartis Pharmaceuticals Canada Inc.: Dorval, QC,
Canada, 2016.

Gupta, A K,; Foley, K.A ; Versteeg, S.G. New Antifungal Agents and New Formulations Against Dermatophytes. Mycopathologia
2016, 182, 127-141. [CrossRef] [PubMed]

Gupta, AK.; Skinner, A.R.; Cooper, E.A. Evaluation of the efficacy of ciclopirox 0.77% gel in the treatment of tinea pedis
interdigitalis (dermatophytosis complex) in a randomized, double-blind, placebo-controlled trial. Int. ]. Dermatol. 2005, 44,
590-593. [CrossRef]

Elewski, B.E.; Vlahovic, T.C. Econazole nitrate foam 1% for the treatment of tinea pedis: Results from two double-blind,
vehicle-controlled, phase 3 clinical trials. J. Drugs Dermatol. 2014, 13, 803-808. [PubMed]

Evans, E.G.; James, I.G.; Seaman, R.A.; Richardson, M.D. Does naftifine have anti-inflammatory properties? A doubleblind
comparative study with 1% clotrimazole/1% hydrocortisone in clinically diagnosed fungal infection of the skin. Br. J. Dermatol.
1993, 129, 437-442. [CrossRef] [PubMed]

Lamisil. Package Insert: LAMISIL (Terbinafine Hydrochloride) Tablets, 250 mg Drugs@FDA: FDA Approved Drug Products
2012. Available online: http://www.accessdata.fda.gov/drugsatfda_docs/label /2012/020539s0211bl.pdf (accessed on 12 October
2012).

Abdel-Rahman, S.M.; Herron, J.; Fallon-Friedlander, S.; Hauffe, S.; Horowitz, A.; Riviére, G.-J. Pharmacokinetics of Terbinafine in
Young Children Treated for Tinea Capitis. Pediatr. Infect. Dis. ]. 2005, 24, 886-891. [CrossRef]


http://doi.org/10.1001/archdermatol.2011.267
http://doi.org/10.1099/jmm.0.47607-0
http://www.ncbi.nlm.nih.gov/pubmed/18436592
http://doi.org/10.1001/archderm.143.6.799
http://doi.org/10.1001/jamadermatol.2013.1721
http://www.ncbi.nlm.nih.gov/pubmed/23553036
http://doi.org/10.1002/14651858.CD009992.pub2
http://www.ncbi.nlm.nih.gov/pubmed/25090020
http://doi.org/10.1111/bjd.13441
http://doi.org/10.4103/ijdvl.IJDVL_297_16
http://doi.org/10.1016/S0190-9622(99)70395-6
http://doi.org/10.1111/j.1365-4362.1989.tb02491.x
http://www.ncbi.nlm.nih.gov/pubmed/2548967
http://doi.org/10.1177/030006059202000504
http://doi.org/10.1002/14651858.CD003584.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23076898
http://doi.org/10.3109/1040841X.2013.856853
http://www.ncbi.nlm.nih.gov/pubmed/24495093
http://doi.org/10.1007/s11046-008-9109-0
http://doi.org/10.1046/j.1365-4362.1998.00402.x
http://doi.org/10.1007/s11046-016-0045-0
http://www.ncbi.nlm.nih.gov/pubmed/27502503
http://doi.org/10.1111/j.1365-4632.2004.02559.x
http://www.ncbi.nlm.nih.gov/pubmed/25007362
http://doi.org/10.1111/j.1365-2133.1993.tb03172.x
http://www.ncbi.nlm.nih.gov/pubmed/8217759
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/020539s021lbl.pdf
http://doi.org/10.1097/01.inf.0000180577.29853.a0

J. Fungi 2022, 8, 39 15 of 15

72.

73.

74.

75.

76.

77.

78.

Gupta, A.; Alexis, M.; Raboobee, N.; Hofstader, S.; Lynde, C.; Adam, P.; Summerbell, R.; DE Doncker, P. Itraconazole pulse
therapy is effective in the treatment of tinea capitis in children: An open multicentre study. Br. J. Dermatol. 1997, 137, 251-254.
[CrossRef]

Gupta, A K,; Daigle, D.; Foley, K.A. Topical Therapy for Toenail Onychomycosis: An Evidence-Based Review. Am. |. Clin.
Dermatol. 2014, 15, 489-502. [CrossRef] [PubMed]

Hammer, T.R.; Mucha, H.; Hoefer, D. Infection risk by dermatophytes during storage and after domestic laundry and their
temperature-dependent inactivation. Mycopathologia 2011, 171, 43—49. [CrossRef]

Gupta, A.K,; Elewski, B.E.; Rosen, T.; Caldwell, B.; Pariser, D.M.; Kircik, L.H.; Bhatia, N.; Tosti, A. Onychomycosis: Strategies to
Minimize Recurrence. |. Drugs Dermatol. 2016, 15, 279-282.

Gupta, A K,; Daigle, D.; Foley, K.A. Network Meta-Analysis of Onychomycosis Treatments. Ski. Appendage Disord. 2015, 1, 74-81.
[CrossRef]

Gupta, A K.; Paquet, M.; Simpson, F,; Tavakkol, A. Terbinafine in the treatment of dermatophyte toenail onychomycosis: A
meta-analysis of efficacy for continuous and intermittent regimens. J. Eur. Acad. Dermatol. Venereol. 2013, 27, 267-272. [CrossRef]
[PubMed]

Inamadar, A.C.; Shivanna, R. Clinical failure of antifungal therapy of dermatophytoses: Recurrence, resistance, and remedy.
Indian ]. Drugs Dermatol. 2017, 3, 1-3. [CrossRef]


http://doi.org/10.1046/j.1365-2133.1997.18141912.x
http://doi.org/10.1007/s40257-014-0096-2
http://www.ncbi.nlm.nih.gov/pubmed/25257931
http://doi.org/10.1007/s11046-010-9347-9
http://doi.org/10.1159/000433473
http://doi.org/10.1111/j.1468-3083.2012.04584.x
http://www.ncbi.nlm.nih.gov/pubmed/22632057
http://doi.org/10.4103/ijdd.ijdd_13_17

	Introduction 
	Changing Trends in Epidemiology 
	Predisposing Factors 
	Immunopathogenesis of Dermatophytoses 
	Innate Immune Response 
	Acquired Immune Response 

	Management 
	Treatment 
	General Measures 
	Medical Management 
	Tinea Corporis/Cruris 
	Tinea Incognito 
	Tinea Pedis 
	Tinea Capitis 
	Tinea Unguium 


	Special Situations 
	Majocchi Granuloma 
	Immunosuppression and Pregnancy 
	Elderly 
	Children 

	Conclusions 
	References

