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Chapter 7
Current Perspective of Dermatophytosis
in Animals

Shiv Shanker Gautam, Navneet, Neelesh Babu, and Sanjay Kumar

7.1 Introduction

Fungi are ubiquitous, free-living saprophytes and depend parasitically on its host.
Animal fungal disease is based on host-pathogen interaction, immunocompetency
of host, and constant exposure of fungal propagules. For disease establishment,
fungi take advantages of host like nutritional requirement, niche establishment,
reproduction, growth, and completion of life cycle (Seyedmousavi et al. 2018).
Both adaptation and propagation mechanisms are equally responsible for fungal
disease facilitation. Although the host defense system is sufficient at primary level
as physical barrier, other than this fungal virulence mechanisms contribute to cause
disease. The literature data estimated that fungi are the highest threat for animal-
host and plant-host species and cause approximately 65% host loss (Fisher et al.
2012). In global scenario, the increased incidence of fungal disease may be worse
due to climatic change (Garcia-Solache and Casadevall 2010) and antifungal resis-
tance or tolerance (Kontoyiannis 2017).

Dermatophytosis is a superficial infection of keratinized epithelium and the most
common fungal disease of broad range of domestic and wild animals and as well as
in humans (Moretti et al. 2013). It belongs to three fungal genera including
Epidermophyton, Microsporum, and Trichophyton together called as dermato-
phytes. Dermatophytes are similar to filamentous fungi and cause damage and utili-
zation of the keratin of skin, hair, and nails (Shalaby et al. 2016). Nearly 40 species
of dermatophytic fungal organisms have been identified (Weitzman and Summerbell
1995). The spread of disease happens through the soil (geophilic), humans to human
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(anthropophilic), and animal to humans (zoophilic). The hot and humid climate
favors the growth of dermatophytes. The animals generally show combination of
symptoms like hair loss with patchy or circular, reddish or dark skin, itchiness, etc.
Currently, topical azoles and allylamines are group of synthetic drugs that are used
for treating this disease. Furthermore, nanoparticle-based remedies have been tested
significantly and introduced in treatment of dermatophytosis. The metal oxide
nanoparticles have substantial advantages because of their exclusive property of a
large surface-to-volume ratio (Babu et al., 2019).

The synthetic drugs have high rates of clinical efficacy but the disease reoccur-
rence is another issue. The reoccurrence may be due to antifungal resistance or tol-
erance. The antifungal drug resistance consists of various mechanisms including
nonsynonymous point mutations within the gene encoding the target enzyme lead-
ing to alterations in the amino acid sequence, high expression of the target enzyme
through transcription of their respective genes, decreased concentrations of the drug
due to drug efflux, changes in the biosynthetic pathway of the target of the antifun-
gal drugs, etc. (Seyedmousavi et al. 2018). Therefore, using natural/plant-derived
products based on antifungal drugs can be an alternative approach for such situation.

7.2 Etiological Agents and Taxonomy

The dermatophyte word is derived from Greek derma “skin” and phyton “plant.”
The causal agents of dermatophytes are distributed into three asexual genera,
namely, Epidermophyton, Microsporum, and Trichophyton belonging to the class
Deuteromycetes (imperfect fungi) and order Moniliales (Maldonado 2011). The dis-
ease has been classified as geophilic (soil), anthropophilic (humans to human), and
zoophilic (animal to humans) based on their habitat. In the above three, the zoo-
philic fungal organisms occur primarily in animals and cause infection to human via
contact with infected animals. The M. canis affects to cat and dog, M. equinum to
horse, M. persicolor to voles, M. nanum to pig, T. verrucosum to cattle, and species
of T. mentagrophytes to rodents, rabbits, and hedgehogs (Moriello et al. 2017).

Dermatophytes have their own classification history suggested by many workers.
Today, the five epidemiological importance dermatophytes including M. audouinii,
E. floccosum, T. schoenleinii, T. tonsurans, and T. mentagrophytes had been
described over the period of 1841-1875 (Seeliger 1985) on the basis of colony and
microscopic morphology and nutritional and biochemical characteristics (Refai
et al. 2013). Currently, the classification is based on genetics and molecular charac-
teristics by targeting the ITS region of rDNA of three genera, i.e., Trichophyton,
Microsporum, and Epidermophyton (Makimura et al. 1999; Kawasaki 2011). A
recent multilocus phylogenetic study has restructured the taxonomy of dermato-
phytes into seven genera including Trichophyton (16 species), Epidermophyton (1
species), Nannizzia (9 species), Microsporum (3 species), Lophophyton (1 species),
Arthroderma (21 species), and Ctenomyces (1 species), respectively (de Hoog
et al. 2017).
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7.2.1 Morphology

Dermatophytes produce colonies that differ in texture, color, and growth rate. There
are three forms of colonies including membranous form, filamentous form, and
granular-powdery form (Refai et al. 2013) as mentioned below:

7.2.1.1 Membranous Form

The colonies appeared as glabrous, waxy, humid, and faviform. It lacks the aerial
mycelium, e.g., M. ferrugineum, T. concentricum, T. violaceum, and T. verrucosum.

7.2.1.2 Filamentous Form

The colonies look like cottony, fluffy, hairy, and velvety with aerial mycelium, e.g.,
M. canis, M. nanum, T. rubrum, and E. floccosum.

7.2.1.3 Granular-Powdery Form

This form shows excessive conidia and aerial mycelium absent, e.g., M. equinum,
T. mentagrophytes, and T. megnini.

The microscopic structure of dermatophytes has the micro- and macroconidia,
elongated and septate hyphae, undulant, and branching. Members of the genus
Epidermophyton have macroconidia with broad clavate, thin or thick wall, and one
to nine septa. In the genus Microsporum, macroconidia have rough wall and are
spindle or fusiform and obovate. Microconidia are sessile or stalked with hyphae. In
the genus Trichophyton, macroconidia have smooth, thin wall, with 1-12 septa, and
are elongated, clavate, fusiform, or cylindrical. Microconidia may be globose, pyri-
form, clavate, sessile, or stalked (Fig. 7.1.).
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Fig. 7.1 Morphology of microconidia (1) and macroconidia (2) of dermatophytes genera (a)
Epidermophyton, (b) Trichophyton, (¢) Microsporum
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7.3 Epidemiology

Dermatophytosis is significant in view of their global distribution, recurrence, indi-
vidual to individual transmission, and morbidity (Kelly 2012). Even though derma-
tophytes are specific to its species, subsequently the clinical presentation may differ
from region to region (Kelly 2012). For survival and growth, they infect only in
keratinized epithelium not in mucosal membranes. In most of cases, anthropophilic
organisms are responsible for the infection. The disease transmission could take
place via exposure to desquamated cells and direct contact or inoculation of fungal
propagules from infected animals. In aged or immune-compromised individuals,
disease symptoms appear earlier on superficial layers of the skin (Hainer 2003).
Dermatophytes are distributed globally but very frequent in tropical regions and
may reach to outbreak proportions in other regions with higher humidity and over-
population and with poor hygienic conditions. The major species with worldwide
occurrence is M. canis, T. verrucosum, A. benhamiae, T. equinum, M. equinum,
T. gallinae, M. nanum, T. quinckeanum, and M. gypseum (Moriello et al. 2017). In
cattle dermatophytosis, the prevalence rate in Plateau State has been observed
11.0% of T. verrucosum (54.2%) and T. mentagrophytes (45.8%), respectively
(Table 7.1). The animal age, breed, management practice, and season can be signifi-
cantly associated with the occurrence of the disease (p < 0.05) (Dalis et al. 2019).
Moreover, India has very hot and humid climate, and dermatophytosis is also preva-
lent in several states including Chennai, Madhya Pradesh, Andhra Pradesh, West
Bengal, Gujarat, Chandigarh, and Karnataka (Bhatia and Sharma 2014).

7.4 Cultural Characteristics

For isolation and identification of dermatophytes, Sabouraud’s dextrose agar (SDA)
or potato dextrose agar (PDA) supplemented with antibiotics, i.e., chloramphenicol,
gentamicin, or cycloheximide, are generally used. The fungi can be incubated at
20-25 °C for 4-6 weeks. For T. verrucosum, the temperature should higher at
30-32 °C. Similarly, Pal (2017) has been isolated 7. verrucosum from the 4-year-old
cow by culturing on SDA medium with chloramphenicol and actidione and small,
compact, heap-shaped, white to gray color colonies observed after 14 days incuba-
tion at 37 °C. Some specific and enrichment media, i.e., Borelli lactritmel agar,
brain heart infusion agar, Baxter’s medium, Takasio medium, malt agar, bromocre-
sol purple milk solid glucose agar, urea indole broth, Christensen’s urea agar
medium (for differentiation of 7. mentagrophytes from T. rubrum and T. souda-
nense), etc., are used for the study of fungal morphology, conidiation, and pigments
of dermatophytes (Rudramurthy and Shaw 2017).
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Table 7.1 Distribution of major dermatophytes of animals and their reservoirs
Host Geographic | Mode of
animal Dermatophytes distribution | transmission Symptoms Ref.
Cat Microsporum Worldwide | Contact with | Circular alopecia, | Frymus
canis, sick cats or desquamation, and | et al.
Arthroderma healthy occasionally (2013) and
vanbreuseghemii carriers, soil, erythematous Moriello
clothes, and margin with et al.
fomites central healing (2017)
Dog Microsporum Worldwide | Direct contact | Non-inflammatory | Moriello
canis, and through scaly patches with | et al.
Arthroderma fomites alopecia (2017)
vanbreuseghemii
Cattle Trichophyton Worldwide | Skin crust, Skin with small, Moriello
verrucosum, direct contact | discrete, et al.
Trichophyton circumscribed, (2017) and
mentagrophytes raised, grayish- Dalis et al.
white crusty, (2019)
alopecic lesions
Guinea pigs | Trichophyton Worldwide | Direct contact, | Skin lesions with | Kraemer
mentagrophytes, skin lesions, alopecia, et al.
Arthroderma crusts, hypotrichosis, (2012) and
benhamiae contaminated | erythema, and Moriello
wooden boxes | excoriations with | et al. 2017
or without pruritus
Hedgehogs | Trichophyton Europe, Skin lesions, | Earlier Abarca
erinacei, M. canis, | East Asia, |direct contact | asymptomatic with | et al.
M. gypseum, M. New T. erinacei, skin (2017) and
cookie Zealand patches with Moriello
alopecia et al.
(2017)
Rodent Arthroderma Worldwide | Direct contact, | Alopecia, Moriello
(mice, vanbreuseghemii skin lesions hypotrichosis, et al.
chinchillas) erythema (2017)
Rabbit Arthroderma Worldwide | Skin lesion, Alopecia and Bartosch
vanbreuseghemii, direct contact | crusts or no other | et al.
A. benhamiae clinical signs (2019)
Horses Trichophyton Worldwide | Fomites, skin, | Multifocal Moriello
bullosum, T. direct contact | alopecic lesions et al.
equinum, with mild crusting | (2017) and
Arthroderma Chollet
vanbreuseghemii et al.
(2015)
Monkey Trichophyton simii | India Skin direct Skin abrasions, Beguin
contact nail scraping etal.
(2013)

(continued)
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Table 7.1 (continued)

Host Geographic | Mode of
animal Dermatophytes distribution | transmission | Symptoms Ref.
Pig Microsporum America, Through skin | Circinate lesions, | Roller and
nanum Europe, rashes, hogs, | erythematous Westblom
Asia, soil patches with (1986)
Australia indurated
periphery
Voles Microsporum Europe, Contaminated | Localized Carlotti
persicolor USA soil, skin erythematous and | (2002)
contact squamous or

suppurative lesions
(kerions) to
extensive or
generalized
erythematous,
alopecic, scaling,
crusting, and
eventually papular
and pustular
dermatoses

7.5 Transmission

Dermatophytosis is a superficial infection of keratinized epithelium including skin,
hairs, and nails. It can be suspected in animals with lesions of erythema, papules,
scaling, and crusting (Bond 2010; Pollock 2003). The disease transmits through the
soil (geophilic), human to human (anthropophilic), and animal to human (zoo-
philic). The geophilic species are found in the soil and associated with hair keratin,
feathers, and horn. The animals and human can get infected after contact with con-
taminated soil (Moriello et al. 2017). M. canis is the most common infectious fungal
agent in cat globally causing skin diseases. The fungal arthrospores can survive in
environment for about a year. The dermatophytes can transmit through contact with
sick cats or healthy carriers, soil, clothes, and other fomites (Frymus et al. 2013).
Pal (2017) has been suggested to apply 2% solution of tincture iodine regularly for
2-3 weeks on lesions and removal of skin crusts with disposable spatula. The zoo-
philic dermatophytes are adapted to animal hosts. Recent report also showed the
transmission of dermatophytes by Demodex mites (Demodex folliculorum) a group
of obligate parasites of the skin of mammals (Vanam et al. 2018).
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7.6 Pathogenesis

The fungal arthrospores or hyphae give rise to threadlike hyphae and initiate the
infection in the growing hair or in stratum corneum. The infection is followed by
penetration in hair shaft and leads to inflammation and finally hair loss. At matured
stage, clusters of arthrospores developed on the outer surface of hair shafts. The
arthrospores are the chief source of reoccurrence of disease. The spores are highly
resistant and can survive in a dry environment more than 12 months. In cat circular
alopecia, desquamation and occasionally erythematous margin with central healing
have appeared (Frymus et al. 2013). During host interaction, the dermatophytes also
produce multiple enzymes with potential roles including polyketide synthases, non-
ribosomal peptide synthetases, LysM, proteases, kinases, and pseudokinases. These
enzymes enhance the interaction and pathogenicity of fungi with host (White et al.
2014). Other mechanisms may be described as changing in host immune response,
adaptability to skin pH, fungal adhesion, sensation, and adaptation to host surface
and tissues (Martinez-Rossi et al. 2016). The colonization of dermatophytes is lim-
ited to the dead keratinized tissues of stratum corneum and responsible for mild or
intense inflammatory reaction. The dermatophytes produce keratinases which help
skin invasion and cause delayed-type hypersensitivity responses after injecting into
the skin of animals (Weitzman and Summerbell 1995).

7.7 Laboratory Diagnosis

Dermatophytosis is sometimes difficult to treat due to lack of proper diagnosis.
Therefore, accurate diagnosis is essential step for management of this disease and
prevention of relapse or recurrence (Rudramurthy and Shaw 2017). The isolation
and identification of the dermatophytes and the antifungal susceptibility test can be
helpful to initiate suitable therapy. For laboratory diagnosis, localization, and char-
acterization of lesions, skin scrapings are collected and studied by direct micro-
scopic examination, and furthermore, cultural characteristics can be done. The
detailed methods are mentioned below.

7.7.1 Wood’s Lamp

This method employs a handheld lamp having the source that emits ultraviolet radi-
ations through the filters made up of nickel or cobalt glass. Florescence occurs due
to the absorption of shorter wavelength light and the emission of longer wavelength
light. This method is not very useful for the diagnosis in small animals as it is only
a screening tool (Moriello et al. 2017).
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7.7.2 Direct Visualization Under the Microscope

In order to visualize sample, various keratin digesting solutions are needed such as
10% or 20% potassium hydroxide (KOH) with or without dimethyl sulfoxide, 10%
sodium hydroxide, Amann’s chloral lactophenol, and detergents, i.e., sodium
dodecyl sulfate (SDS). Several stains including cotton blue C4B or blue-black ink
permanent or chlorazol black E stain which imparts deep blue or black color to
fungal element are used. Additionally, several other stains such as periodic acid
Schiff (PAS) are generally utilized to stain polysaccharide glycosaminoglycans and
Congo red which stains B-D-glucans and fluorochromes (Rudramurthy and
Shaw 2017).

7.7.3  Molecular Methods

The molecular approaches are highly specific and makes easier for dermatophytes
detection in clinical samples. The multiplex RT-PCR (real-time PCR) was devel-
oped by Arabatzis et al. (2007) for the direct detection of the fungi in the clinical
specimens. It limits the risk of contamination and helps in recognition of multiple
species of dermatophytes using diverse species-specific probes. A real-time PCR
can distinguish both dermatophytes and non-dermatophytes with a sensitivity of
97% when compared with culture (Sharma et al. 2006). Hayette and Sacheli (2015)
identified several dermatophytes which were negative on microscopy. In 2008, PCR
reverse line blot assay targeting ITS sequences has been utilized in order to identify
the nine relevant dermatophytes of hair, nails and skin samples. Immobilized oligo-
nucleotide probe that is present on the membrane was exposed to denatured PCR
products followed by hybridization and washing and detected by using streptavidin
peroxidase and chemiluminescence (Bergmans et al. 2008). PCR-ELISA-based
method has been used for direct detection of clinical samples of dermatophytes
including 7. rubrum, T. interdigitale, T. violaceum, M. canis, and E. floccosum
(Beifuss et al. 2011). PCR-RFLP has higher specificity for detection of dermato-
phytes by targeting the ITS region, 18S ribosomal DNA from nails, hairs, and skin
(Elavarashi et al. 2013).

7.8 Treatment

Traditionally, topical therapy is recommended for the treatment of dermatophytosis.
Azoles and allylamines has high efficacy. The azoles include econazole, ketocon-
azole, clotrimazole, miconazole, oxiconazole, sulconazole, and sertaconazole,
respectively. The azoles interfere with cytochrome P450-dependent ergosterol syn-
thesis and stop fungal cell proliferation (Refai et al. 2013). The systemic medication
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included the itraconazole, fluconazole, griseofulvin, and terbinafine. Chiefly, itra-
conazole, fluconazole, terbinafine, ketoconazole, and griseofulvin have been effec-
tively used in animals. Vaccination is also available for certain species, i.e.,
T. verrucosum and T. mentagrophytes, in livestock, farmed foxes, and rabbits,
T. equinum in horses (Chollet et al. 2015), and M. canis in cats and dogs (Refai et al.
2013). But, in few years, these treatments have become ineffective which may be
due to climate change, antifungal resistance, or tolerance. The hot and humid cli-
mate also supports the survival of dermatophytes on host body. The fungi easily
travel from soil to animal/human or human to animal, and animal to human sequen-
tially. The mechanisms behind drug resistance may be alteration of drug target sites,
increased drug efflux, biofilm formation, etc. (Shivanna and Inamadar 2017).
Finally, the synthetic drugs become ineffective after a while due to reoccurrence of
disease.

Thus, natural/plant-derived products can be applied as an alternative approach to
combat such situation. Ibrahim and El-Salam (2015) had reported 26 plant-derived
essential oils against four dermatophytes, i.e., M. canis, E. floccosum, T. rubrum,
and T. mentagrophytes. The oils of Prunus armeniaca, P. dulcis var. amara, Olea
europaea, and Mentha piperita were found most effective. The Juniperus oil had
antifungal activity against M. canis, M. gypseum, T. rubrum, T. mentagrophytes, and
E. floccosum (Cavaleiro et al. 2006). Kakande et al. (2019) had reported the efficacy
of Tetradenia riparia ethanol crude extract against three dermatophytes including
T. tonsurans, T. mentagrophyte, and M. audouinii. A recent review paper by
Sepahvand et al. (2018) has listed 24 medicinal plants against dermatophytes. These
plants are Azadirachta indica, Capparis spinosa, Anagallis arvensis, Juglans regia,
Inula viscosa, Phagnalon rupestre, Plumbago europaea, Ruscus aculeatus, Ruta
chalepensis, Salvia fruticosa, Artemisia judaica, Ballota undulate, Cleome
amblyocarpa, Peganum harmala, Teucrium polium, Aegle marmelos, Artemisia sie-
beri, Cuminum cyminum, Foeniculum vulgare, Heracleum persicum, M. spicata,
Nigella sativa, and Rosmarinus officinalis, respectively. The antifungal properties
of medicinal plants are due to presence of secondary active constituents, i.e., alka-
loids, phenols, terpenes, flavonoids, phytosterols, anthocyanins, etc.

Furthermore, metal nanoparticles can enhance the currently available schemes to
overcome dermatophytosis as they can deliver drug on the target site. These include
the phospholipid vesicles, non-phospholipid vesicles, solid lipid nanoparticles,
nanostructured lipid carriers, polymeric nanoparticles, polymeric micelles, nano-
emulsions, and dendrimers. Among these lipid-based nanoparticles are considered
as the most suitable carriers for the drugs (Bangia et al. 2019). Similarly, the antide-
rmatophytic properties of silver nanoparticles has been reported against 7. rubrum
(Pereira et al. 2014), Microsporum, and Trichophyton (Ronavari et al. 2018) synthe-
sized from fungal origin. Other therapies, i.e., photodynamic and adjuvant therapy,
have their own importance against dermatophytosis. The photodynamic therapy
involves the selective illumination of the target site with the light of a specific wave-
length causing free radical generation, which causes the death of the cell. The ami-
nolevulinic acid and methylene blue are well-known examples of photosensitizing
agents and most frequently used (Sahni et al. 2018), while adjuvant therapy may
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cause excessive proliferation of epidermal cells leading to thickening and scaling
due to hyperkeratosis, which obstructs the absorption of the antifungal drug.
Therefore, the adjuvant-based treatment is recommended where the moisturizing
agent salicylic acid (3—6%) is used most of the time with the drug which helps to
prevent transepidermal loss of water and helps the antifungal drug in absorption
(Rajagopalan et al. 2018).

7.9 Conclusion and Future Prospects

Dermatophytosis is a contagious fungal disease of animals as well as in human.
Currently, this disease has global impact especially in tropical and subtropical coun-
tries. The hot and humid conditions favor the transmission, growth, and survivabil-
ity of dermatophytes. The fungi have well-adapted survival and growth mechanism
in host. Proper sanitation and good hygienic condition may minimize the fungi.
Animals should keep away from infected animals and humans and be checked rou-
tinely. Only successful treatment can control the disease. Synthetic drugs are pre-
scribed for long duration use for complete removal of fungi inside animal body. The
overuse may cause side effects and develop drug resistance in fungi. Resistance and
tolerance are other survival routes for the dermatophytes. Therefore, naturopathy
and plant-based products may be an effective alternative to overcome this problem.
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