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Abstract

Purpose of Review This review summarizes the fungal literature currently available for tinea capitis (TC), as well as providing

data for clinical utility.

Recent Findings Available studies in TC are scarce; however, they provide important information about efficacy and outcome in

clinical practice.

Summary Treatment of TC is effective; however, it requires a minimum of 1 month. Systemic treatment is often required to favor
enhance drug penetration into the deep part of the hair follicle. The newest oral antifungal has higher efficacy rates than
conventional therapy, as well as much shorter duration of treatment but at higher costs. We perform a review of the literature

including treatment schemes.
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Introduction

Tinea capitis (TC) is an infection or parasitization of the
hair, scalp, and annexes (eyebrows and eyelashes). It is
commonly seen on the scalp hair related to dermatophytic
fungi (Trichophyton and Microsporum) and more fre-
quently in children [1, 2¢]. The worldwide epidemiology
of TC is varied; Trichophyton tonsurans is the most fre-
quent agent of TC in the Americas, Europe, and Africa,
followed by Microsporum canis, which is a common
agent in Mediterranean countries. The most important der-
matophyte carriers are cats, dogs, and rabbits [3].
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Epidemiology

Until now, the incidence of TC is unknown. It develops more
often in children between 3 and 7 years old. It is rare among
young adults, although it commonly affects women during
menopause and elderly patients. In Europe, a prevalence of
TC between 0.23 and 2.6% has been reported [1]. A similar
trend is noted in the USA and Mexico [2¢]. The main patho-
gens in many countries are anthropophilic species (90% of
cases in North America). 7. fonsurans is the most common
cause of TC followed by M. canis [3]. M. canis is the most
frequent agent in Mediterranean countries. In a recent study,
Kallel et al. [4¢], in 947 cases of TC in Tunisian children,
reported that microsporic tinea was the most frequent cause
(63.25%, Microsporum canis (67%)) followed by trichophytic
tinea (29.78%, Trichophyton violaceum (31.68%)). This
change in etiological agent is related to the increasing cohabit
with cats in this population [5]. Besides cats, dogs as well as
rabbits are the most important dermatophyte carriers [3].
There are reports of infections related to 7. violaceum and
M. audouinii in several not previously endemic countries
(e.g., Brazil) for these organisms [6, 7, 8¢]. Asymptomatic
carrier status, usually in adults in the same patient’s family,
is related to repeat infections in children [1]. 7. schoenleinii
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develops a rare form of TC, often developed in youth and
extending into adulthood [9].

Some factors are commonly associated with TC; these in-
cluded socioeconomic status (rural and suburban areas), poor
hygiene, and overcrowding, with schools being the site where
the infection is most rapidly disseminated. Hair shaving is one
of the habits most commonly related to TC.
Immunosuppression is also a risk factor for TC, mostly on
adult patients [10, 11e¢]. In Mexico, TC accounts for 4 to
10% of tineas, 90% corresponding to non-inflammatory type
[12, 13].

Etiopathogeny

Dermatophytes are keratinophilic fungi including in three
genera: Trichophyton, Microsporum, and Epidermophyton.
Dermatophytes are classified, according to host preference
and habitat, as anthropophilic, zoophilic, and geophilic.
Many species of dermatophytes, mostly anthropophilic and
zoophilic [14], are able to invade hair shafts; however, other
agents like 7. tonsurans, Trichophyton schoenleinii, and T.
violaceum may develop this type of infection [2¢, 14].

Fungus growth occurs inside the follicular sheath, generat-
ing spores without affecting the cuticle. When hyphae destroy
the cuticle and invade the outer root sheath, the spores develop
the ectothrix type. These infections develop parallel to the
length of the hair [2¢, 11e°].

In favus, hyphae develop tunnels within the follicular
sheath [14]. Endothrix and favus are less contagious than
ectothrix anthropophilic infections, which rapidly spread [15].

The adhesion of the fungus to the keratinocyte favors the
infection from one host to another, which eventually pro-
gresses an active infection [16]. Fungal proteolytic enzymes
favor invasion even in hostile (acid or alkaline) media [17],
and these protease genes are variably expressed with distinct
enzyme patterns in infections or in vitro cultures [18].

The human skin has several mechanisms for preventing
fungal infections. Antimicrobial peptides (e.g., human f3-
defensins, cathelicidins (LL-37), and dermicidin) [19, 20]
are naturally produced as an innate defense against several
infectious agents, including fungi (e.g., dermatophytes and
Candida albicans).

IL-6 secretion, dependent on the activation of
inflammasome and upregulated by several intracellular pro-
tein complexes, is commonly related to M. canis infection
[21]. The presence of saturated fatty acids in sebum can inhibit
fungal growth, although these mechanisms are diminished or
absent among children, and thus increasing the frequency of
TC in this age group [22]. In addition, a destructive process of
dermatophytes through neutrophils and macrophages may be
observed [23].

Th17 cells might stimulate neutrophils and exacerbate skin
inflammation, exerting a protective effect against the fungus,
although it can contribute to hair loss [24]. The exact mecha-
nism remains unknown, although it may be due to stimulation
of inflammation through a dectin-1-dependent mechanism, as
reported in infections by M. canis [21].

Classification

According to the microscopic pattern of fungal invasion, TC
has four types of hair invasion (two non-inflammatory and
two inflammatory), settling different clinical pictures [11e].
In ectothrix, the hair shaft is invaded at the mid-follicle.
Microsporum species are the commonest causes (M. gypseum
and M. nanum as non-fluorescent agents and M. audouinii and
M. canis as fluorescent agents); however, 7. verrucosum (a
non-fluorescent megasporated agent) can cause a form of
ectothrix infection. Ectothrix infection usually develops a
scaly lesion, often with inflammation and pruritus. The hairs
often break developing partial hair loss, with hair stubs [2e,
[1ee].

Endothrix infection is commonly related to 7. tonsurans, T.
mentagrophytes (var. mentagrophytes), T. soudanense, and T.
violaceum [2¢, 11e°].

Favus is related to 7. schoenleinii, an anthropophilic fluo-
rescent dermatophyte. Long tunnels within hair shafts are of-
ten seen as well as large clusters at the base of the hair,
representing fungal hair invasion [2¢].

Kerion celsi is severe, acute inflammatory process of the
scalp, related to M. canis and M. gypseum [25], and probably
to a T cell-mediated hypersensitivity process against dermato-
phytes [26] (Table 1). Recently, based on molecular methods
performed by de Hoog et al. [27], two tinea capitis agents took
another nomenclature: M. gypseum changed for Nannizzia
gypsea and M. nanum for Nannizzia nana.

Clinical Manifestations

The clinical appearance of TC is determined through hair in-
vasion by the pathogenic fungi, the host resistance, and the
immune status. Clinical pictures range from an asymptomatic
carrier to severe inflammatory presentations developing scar-
ring alopecia. Most affected patients are children from
6 months to 12 years old. The common clinical pattern in-
cludes broken hairs with scaling; however, this picture has
changed due to geographic distribution of the infectious spe-
cies [28].

In M. audouinii infection, the most common picture is
patching alopecia, often circular, showing several broken hairs
with minimal inflammation and scaly skin. In Microsporum
sp. infections, similar clinical patterns are seen when
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Table 1 Clinical types of tinea capitis

Clinical type Clinical description

Related agent Differential diagnosis

Diffuse scale Generalized diffuse scaling on the scalp
Gray patch  Patchy, scaly alopecia

Black dot Patches of alopecia studded with broken

hair stubs

Kerion Boggy tumor studded with pustules with or
without lymphadenopathy

Favus Yellowish cup-shaped crusts (scutula), which form

at the base of hair shafts, as well as pale powdery crusts

T. tonsurans Seborrhoeic and atopic
dermatitis, psoriasis

M. audouinii, M. canis, M. ferrugineum, Seborrhoeic and atopic

T. tonsurans dermatitis, psoriasis
T. tonsurans. T. violaceum Alopecia areata, trichotillomania
M. canis; M. gypseum (N gypsea); Abscess, neoplasia

M. audouinii; T. mentagrophytes
T. schoenleinii, M. gypseum (N gypsea), Seborrhoeic and atopic
T violaceum dermatitis, psoriasis

compared M. canis with M. audouinii; however, the latter are
usually more inflammatory and pruriginous. In Trichophyton
sp. infections, multiple patchy hair loss is often seen with
minimal inflammation and scaling, also exhibiting swollen
hair shafts (black dots).

Kerion celsi is a severe, painful, inflammatory process,
discharging purulent exudate, commonly leading to scarring
alopecia; lymphadenopathy is frequently seen. This reaction is
usually related to zoophilic species (7. verrucosum or T.
mentagrophytes (var. mentagrophytes)) and less often to
anthropophilic species. This process is usually accompanied
by secondary infection [2e, 28].

In inflammatory TC (kerion), there are one or multiple
tender nodules with pustules, leading to scarring alopecia. It
also presents with fever, adenopathy, and less often with a
diffuse, morbilliform rash. Leukocytosis and increased eryth-
rocyte sedimentation rate are also reported with a positive skin
test to fungal antigen; this is in relation to the immune re-
sponse associated to the inflammatory process [2¢, 11¢¢].

T. schoenleinii infection (favus) is still endemic in some
countries like Ethiopia. Favus develops yellowish cup-
shaped crusts called scutula, formed at the base of hair shafts.
In longstanding cases, scarring alopecia and atrophy may de-
velop [2¢].

Carrier status is considered in infections not clinically ob-
vious and asymptomatic. This is usually seen in children, be-
coming potential fungi reservoirs; this may be the cause of the
increased prevalence of TC [2¢, 11ee, 14].

Diagnosis

Clinical diagnosis must be confirmed through potassium hy-
droxide (KOH) direct examination, followed by hair and scale
cultures. Samples are obtained by scraping the scales through
a disposable brush [11ee].

Wood’s light examination is a diagnostic support in schools
where small TC epidemic can be seen. In ecthotrix
(anthropophilic) cases (related to M. canis, M. audouinii,
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and M. distortum), Wood’s light may show a bright yellow-
green fluorescence in affected hair [29]; however, Wood’s
light examination is useless for screening and monitoring in
endothrix infections related to 7. tonsurans, T.
mentagrophytes, and T. violaceum since those fungi do not
fluoresce [29] (Fig. 1). Wood’s light effectiveness depends
on the observer’s skills as well as on the quality of the sample,
leading to 5—15% of false-negative results [30].

The incubation period at 20-30 °C ranges from 3 to
4 weeks; however, in cases related to 7. verrucosum, T.
violaceum, or T. soudanense, the incubation period may be
prolonged to 2 or more weeks. Fungal identification is based
on macroscopic (growth characteristics, pigment formation)
as well as microscopic morphology (mostly macroconidia
and microconidia). In atypical isolates, additional tests (e.g.,
urease and in vitro hair perforation test) may be required [30].

Robert et al. [30] suggested the use of Congo red (a (3-D-
glucans stain) or calcofluor-white 0.1% solution (a chitin-
binding fluorochrome dye) through a fluorescence micro-
scope eases fungal visualization.

Sabouraud’s agar and Mycobiotic agar containing antibi-
otics (chloramphenicol and cycloheximide) are the most com-
monly used media to suppress saprophytic bacterial growth
representing sample contamination [1].

Rapid nucleic acid-based methods are also useful for der-
matophyte identification [11ee, 31]; however, their cost limits
their extensive use [32].

Introducing molecular tools with sufficient specificity
using different techniques, standard polymerase chain reac-
tion, [33, 34] as well as the newest diagnostic methods like
multiplex ligation-dependent probe amplification and rolling
circle amplification [35, 36], develops faster and accurate re-
sults for identifying dermatophytes. Dermatoscopy for
trichoscopy is a widely used diagnostic technique in derma-
tology [37, 38]. In infections by 7. tonsurans, multiple
comma-shaped hairs and corkscrew hairs can be seen; the
latter is probably due to fungal-mediated internal hair damage,
progressing to hair degradation and external resistance [39],
whereas in M. canis infection, we can observe dystrophic and
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Fig. 1 a Dry tinea due to M.
canis. b Kerion celsi by T.
mentagrophytes. ¢ Ecto-endothrix
hair. d Dermatoscopy with
comma hairs. e M. canis. f
Microsporic tinea (Wood’s light)

elbow-shaped hairs and different height levels of broken hair
[40]. Campos et al. [41], in a prospective study, found that
trichoscopy is also useful for monitoring response to treat-
ment; they observed at 8 weeks after initiating treatment all
evaluated dermatoscopic signs of TC decreased, and thus, at
the end of the follow-up, no dystrophic hair was present. The
authors concluded that the disappearance of dystrophic hair
may be a marker of therapeutic success.

In a study led by Arenas et al. [42], which included 37 Latin
patients mostly children, the following dermatoscopic patterns
were confirmed: comma hairs (41%), corkscrew hairs (22%),
short hairs (49%), and black dots (33%). The presence of
scales (89%), peripilar casts (46%), alopecia (65%), pustules
(8%), and meliceric crusts (16%) were also observed.

Histopathology is not usually required. It reveals spores
within the hair follicles or stratum corneum. Arthroconidia
and hyphae may be found on the surface of the hair
(ectothrix) or inside the hair shaft (endothrix). In favus, the
hyphae are located in the stratum corneum, in the hair shaft,
and in the cup-shaped crusts. Follicular atrophy may occur. In
kerion, there are several patterns of inflammation
(perifolliculitis, suppurative folliculitis with or without suppu-
rative, granulomatous dermatitis, as well as fibrosing derma-
titis) [2¢].

Trichophytin extracted from 7. mentagrophytes has been
used to evaluate the immune response to dermatophytes.
Galactomannan is the antigenic determinant that cross-react
with several fungi other than 7. mentagrophytes. It produces
two responses: an immediate type I response (related to

polysaccharide fraction) and a delayed type IV response (re-
lated to peptide fraction) [2¢].

Differential Diagnosis

It includes alopecia areata, bacterial folliculitis, atopic derma-
titis, seborrheic dermatitis, pseudotinea amiantacea, trichotil-
lomania, trichorrhexis nodosa, and psoriasis. Discoid lupus
erythematosus and lichen planus are also differential diagnosis
of TC. Inflammatory tinea needs to be distinguished from
folliculitis decalvans and cellulitis dissecans [2¢, 43].

Treatment and Follow-up

The most important goal of treatment is to obtain clinical and
mycological cure, avoiding drugs adverse events, mostly in
children, and without relapse. Relapses are frequent, especial-
ly in relation to the use of topical treatments, so in most cases,
oral antifungal treatment is required, although the clinical ap-
pearances and itching improve shortly. Topical treatment
(shampoo with 2% selenium sulfide or 2% ketoconazole) is
recommended in breastfeeding patients. Clinical and myco-
logical cure determines treatment duration [2¢].

Terbinafine, itraconazole, griseofulvin, and fluconazole are
the most commonly used oral antifungal [44]. Griseofulvin,
the first systemic antifungal used in TC, continues to be an
effective option in most cases, particularly for Microsporum-
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Table 2 Dosing regimens for

Duration

tinea capitis Drug Current standard dose
Griseofulvin
Taken with food divided dose
Terbinafine
Itraconazole
pulses
Fluconazole

10-15 mg/kg daily (microsize), 20-25 mg/kg daily.

<20 mg=62.5 mg daily; < 40 mg =125 mg daily;
>40 mg =250 mg daily or 4-5 mg/kg daily

5 mg/kg daily. Pulse therapy 2—-3 pulses, maximum 5

5-6 mg/kg daily or 8 mg/kg weekly

6-12 weeks or longer until fungal
cultures are negative

4 weeks or longer for Microsporum
infections (8—12 weeks)

2-6 weeks

3—6 weeks for daily scheme and
8-12 weeks for weekly scheme

related cases. Griseofulvin is fungistatic and inhibits the syn-
thesis of nucleic acids and interrupts cell division in meta-
phase, thereby preventing fungal cell wall synthesis; addition-
ally, griseofulvin has immunomodulatory properties. The dose
and duration of treatment at 10 to 20 mg/kg/day for 8 to
12 weeks is usually helpful; however, T. fonsurans may re-
quire longer periods (Table 2).

Terbinafine, an allylamine with fungicide action through
acting on the fungal cell membrane and with a special affinity
to keratin, is effective against all dermatophytes. The recom-
mended dose ranges from 3 to 6 mg/kg/day; however, higher
doses may be required in cases associated with Microsporum,
although the efficacy of terbinafine against this infection is not
clearly elucidated [11e].

Itraconazole, a fungistatic and fungicidal azole, acts deplet-
ing ergosterol in cell membrane and thus, leading to perme-
ability detachment. A dose of 100 mg/day for approximately
4 weeks or 5 mg/kg/day is recommended for children [11e].

Similar to itraconazole, fluconazole is an effective drug
against T. tonsurans, at 6 mg/kg/day for 20 days. There is a
lack of studies pointing out the appropriate treatment length
with these oral antifungal [2e, 11e].

In a Cochrane review about the efficacy of oral antifungal
for TC [45], it stated that terbinafine, itraconazole, and flucon-
azole are comparable to the efficacy of griseofulvin for TC
caused by Trichophyton sp. These options should be preferred
for improving patient’s adherence to treatment. In a recent
abridged Cochrane review, Chen et al. [46+¢] included 25 ran-
domized controlled trials (4449 study subjects). They found
that terbinafine and griseofulvin had similar effects for chil-
dren with both microsporic and trichophytic infections.
Terbinafine showed a higher rate of complete cure when com-
pared to griseofulvin in T tonsurans infections; however, gris-
eofulvin was better for Microsporum sp. Itraconazole and flu-
conazole exhibit similar efficacy against Trichophyton infec-
tions than griseofulvin or terbinafine. Previously, Tey et al.
[47] published similar data suggesting that terbinafine was a
better choice for TC due to Trichophyton, while for
Microsporum infections, griseofulvin was a better choice.

Oral steroids have been successfully used in the treatment
of severe inflammatory TC such as kerion. Prednisone is gen-
erally used at a dose of 1 mg/kg/day for 1-2 weeks. For
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infections produced by zoophilic and anthropophilic species,
it is strongly suggested to identify the source to reduce the
potential transmission. Shemer et al. [48], in a comparative
study in 90 patients with TC, found that “griseofulvin and
fluconazole reduced the potential for disease transmission in
children with TC, with griseofulvin being more effective for
M. canis infections, although children with TC may be poten-
tially contagious even after up to 3 weeks of treatment.”

Some individuals are not clinically cured at follow-up; this
may be due to several factors, e.g., lack of adherence, subop-
timal drug absorption, agent-related sensitivity, biofilm forma-
tion [49], and possible reinfection. If fungi can still be isolated
at the end of treatment, but the clinical signs have improved,
we continue the treatment for an additional month. If there has
been no clinical response and signs persist at the end of the
treatment period, we may increase the dose or duration of the
treatment. Oral antifungal most commonly used safely during
long periods, or even at higher doses include griseofulvin and
terbinafine. In resistant cases, it should be considered to
change the treatment for another oral antifungal, for example,
in cases of lack of response to griseofulvin, an option may be
terbinafine or itraconazole.

Fluconazole is used as an alternative therapy, particularly in
cases unresponsive to conventional treatment [50]; it can be
administered daily at doses of 5-6 mg/kg/day or at weekly
doses of 8 mg/kg/day [13, 51].

The definitive end-point for adequate treatment is not clin-
ical response but mycological cure; therefore, follow-up with
repeat mycology sampling is recommended at the end of the
standard treatment period and then monthly until mycological
clearance is documented. Treatment should, therefore, be tai-
lored for each individual patient [11ee].

Compilications

Secondary bacterial infection is not common even in kerion,
where this may occur under large superficial crusts rather than
in the form of folliculitis. Rarely, erythema nodosum has been
described in association with TC. This reaction can be associ-
ated with the deposit of immune complexes and is known as
an Id reaction. [52].
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Conclusion

TC is still a common disease worldwide, with a wide variety
of clinical presentations leading to numerous differential diag-
noses. Control of TC is possible with current understanding of
the immunology and host susceptibility. Although there are
cases that can be treated with topical therapy, the use of oral
antifungal medications for clinical and mycological cures is
commonly required. Continuous surveillance in schools and
in the patient’s family is necessary to identify asymptomatic
carriers and reduce the risk of spreading infection among the
population.
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