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This figure shows disability-adjusted life year (DALY) rate per 100 000 persons from 15 skin disease categories throughout the human life span.

Karimkhani C et al. JAMA Dermatol 2017;153:406-12



Regional distribution of skin and
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This figure shows disability-adjusted life year (DALY) rate per 100 000 persons from 15 skin disease categories throughout 21 world regions.

Karimkhani C et al. JAMA Dermatol 2017;153:406-12



Cutaneous Mycoses

Superficial or deep infection of the skin caused by fungi.

Dermatophytes: filamentous fungi. Reproduction by
spores. Development in the stratum corneum and adnexa.
They are divided into three genera: Trichophyton,
Epidermophyton, Microsporum.

Yeast: rounded shape. Reproduction by budding, or by
forming pseudohyphae. Candida, Malassezia.

Molds: Alternaria, Aspergillus, Fusarium.



Dermatophyte infections
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Dermatophytoses

A Infect keratinized epithelium, hair follicles and nail
apparatus

A The term tinea is best used for dermatophytoses and is
modified according to the anatomic site of infection:

o Tinea corporis
o Tinea faciel

o Tinea manum
o Tinea cruris

o Tinea pedis

o Tinea unguium
o Tinea capitis

o Tinea barbae



Dermatophytoses

Dermatophyte
Anthrophilic

oTinea corporis
oTinea faciel
oTinea manum
oTinea cruris
oTinea pedis

T. rubrum

1. tonsurans

E. floccosum

T. concentricum
T. mentagrophytes
var. interdigitale

Zoophilic

oTinea unguium
oTinea capitis

T. mentagrophytes
var, mentagrophytes

M. canis
T. verrucosum

oTinea barbae

Geophilic

M. gypseum




Worldwide epidemiology of tinea capitis
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Crucial mechanisms in antifungal host defence

Neutrophils

o ct'\“" Dectin-2

Mi"cle

Monocyte/macrophages/DC
Dectin-2
\g %

CD80/86
RRAAAAY

Neutrophil

recruitment ‘

IL-17

Antimicrobia .
| peptides s

T cells

IL1I7Ae"
ILATF *

IL22 * KNeutrallzmg Antibodies

\

velopment

Wang X et al. PLoS Path 2016



Deep Dermatophytosis




Deep Dermatophytosis

N
o)
o))
—
o)
£
S
o
&




Deep Dermatophytosis and Inherited
CARD9 Deficiency

Fanny Lanternier, M.D., Saad Pathan, Ph.D., Quentin B. Vincent, M.D., Luyan Liu, M.Sc.,
Sophie Cypowyj, Ph.D., Carolina Prando, M.D., Ph.D., Mélanie Migaud, B.S.,
Lynda Taibi, M.D., Aomar Ammar-Khodja, M.D., Omar Boudghene Stambouli, M.D.,
Boumediene Guellil, M.D., Frederique Jacobs, M.D., Ph.D.,
Jean-Christophe Goffard, M.D., Ph.D., Kinda Schepers, M.D., Ph.D.,
Véronique del Marmol, M.D., Ph.D., Lobna Boussofara, M.D., Mohamed Denguezli, M.D.,
Molka Larif, M.D., Hervé Bachelez, M.D., Ph.D., Laurence Michel, Ph.D.,
Gérard Lefranc, Ph.D., Rod Hay, M.D., Ph.D., Gregory Jouvion, Ph.D.,

Fabrice Chretien, M.D., Ph.D., Sylvie Fraitag, M.D., Marie-Elisabeth Bougnoux, M.D., Ph.D.,
Merad Boudia, M.D., Laurent Abel, M.D., Ph.D., Olivier Lortholary, M.D., Ph.D.,
Jean-Laurent Casanova, M.D., Ph.D., Capucine Picard, M.D., Ph.D.,

Bodo Grimbacher, M.D., Ph.D., and Anne Puel, Ph.D.

ABSTRACT

BACKGROUND
Deep dermatophytosis is a severe and sometimes life-threatening fungal infection
caused by dermatophytes. It is characterized by extensive dermal and subcutaneous
tissue invasion and by frequent dissemination to the lvmph nodes and, occasion-

ally, the central nervous system. The condition is different from common superti-

cial dermatophyte infection and has been reported in patients with no known im-
munodeficiency. Patients are mostly from North African, consanguineous, multiplex
tamilies, which strongly suggests a mendelian genetic cause.

METHODS
We studied the clinical features of deep dermatophytosis in 17 patients with no
known immunodeficiency from eight unrelated Tunisian, Algerian, and Moroccan

families. Because CARD9 (caspase recruitment domain—containing protein 9) deti-
ciency has been reported in an Iranian family with invasive fungal infections, we
also sequenced CARDY in the patients.

RESULTS
Four patients died, at 28, 29, 37, and 39 years of age, with clinically active deep
dermatophytosis. No other severe infections, fungal or otherwise, were reported in
the surviving patients, who ranged in age from 37 to 75 years. The 15 Algerian and
Tunisian patients, from seven unrelated families, had a homozygous Q289X CARD9
allele, due to a founder effect. The 2 Moroccan siblings were homozygous for the
R101C CARDS9 allele. Both alleles are rare deleterious variants. The familial segrega-
tion of these alleles was consistent with autosomal recessive inheritance and com-
plete clinical penetrance.

CONCLUSIONS

All the patients with deep dermatophytosis had autosomal recessive CARD9 defi-

ciency. Deep dermatophytosis appears to be an important clinical manifestation of
CARD?Y deficiency. (Funded by Agence Nationale pour la Recherche and others.)

N ENGL ) MED 369;18 NEJM.ORG OCTOBER 31, 2013

A Homozygous CARD9 Mutation in a Family
with Susceptibility to Fungal Infections

Erik-Oliver Glocker, M.D., Andre Hennigs, Mohammad Nabavi, M.D., Alejandro A. Schiffer, Ph.D.,
Cristina Woellner, M.Sc., Ulrich Salzer, M.D., Dietmar Pfeifer, Ph.D., Hendrik Veelken, M.D., Klaus Warnatz, M.D.,
Fariba Tahami, M.Sc., Sarah Jamal, M.Sc., Annabelle Manguiat, M.Sc., Nima Rezaei, M.D.,

Ali Akbar Amirzargar, M.D., Alessandro Plebani, M.D., Nicole Hannesschlager, B.Sc., Olaf Gross, Ph.D.,

Jiirgen Ruland, M.D., and Bodo Grimbacher, M.D.

ABSTRACT

BACKGROUND
Chronic mucocutaneous candidiasis may be manifested as a primary immunodefi-
ciency characterized by persistent or recurrent infections of the mucosa or the skin
with candida sRecies. Most cases are sporadic, but both autosomal dominant in-
heritance and autosomal recessive inheritance have been described.

METHODS
We performed genetic studies in 36 members of a large, consanguineous five-gener-
ation family, in which 4 members had recurrent fungal infections and an addi-
tional 3 members died during adolescence, 2 after invasive infection of the brain
with candida species. All 36 family members were enrolled in the study, and 22 had
blood samples taken for DNA analysis. Homozygosity mapping was used to locate
the mutated gene. In the 4 affected family members (patients) and the 18 unaffected
members we sequenced CARDY, the gene encoding the caspase recruitment domain-
containing protein 9, carried out T-cell phenotyping, and performed functional
studies, with the use of either leukocytes from the patients or a reconstituted mu-
rine model of the genetic defect.

RESULTS
We found linkage (lod score, 3.6) to a genomic interval on chromosome 9q, includ-
ing CARDY. All four patients had a homozygous point mutation in CARDY, resulting
in a premature termination codon (Q295X). Healthy family members had wild-type
expression of the CARD9 protein; the four patients lacked wild-type expression,
which was associated with low numbers of Th17 cells (helper T cells producing inter-
leukin-17). Functional studies based on genetic reconstitution of myeloid cells from
Card9™"™ mice showed that the Q295X mutation impairs innate signaling from the
antifungal pattern-recognition receptor dectin-1.

CONCLUSIONS
An autosomal recessive form of susceptibility to chronic mucocutaneous candidi-
asis 1s associated with homozygous mutations in CARD9.

N ENGL ] MED 361,18

MEJM.ORG OCTOBER 29, 2009
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Impaired Specific Antifungal Immunity
in CARD9-Deficient Patients
with Phaeohyphomycosis

Xiaowen Wang'~’, Ruijun Zhang'’, Weiwei Wu', Yinggai Song', Zhe Wan', Wenling Han” and
Ruoyu Li'

Phaeohyphomycosis is a group of severe infections caused by dematiaceous fungi. We previously identified
CARD9 deficiencies in four Chinese patients with phaeohyphomycosis caused by Phialophora verrucosa. In this
study, we sought to identify the genetic and immunological mechanisms underlying rare dematiaceous fungal
infections in three otherwise healthy patients with phaeohyphomycosis caused by Exophiala spinifera,
Ochroconis musae, and Corynespora cassiicola. CARD9 sequencing in these patients showed one mutation
(p.S23X) that, to our knowledge, has not been characterized and two previously characterized mutations
(p.D274fsX60 and p.L64fsX59) that led to lack of CARD9 protein expression. Patient-derived CARD9-deficient
cells showed a selective impairment of proinflammatory cytokine and chemokine production, NF-kB activa-
tion, and T helper type 22- and T helper type 17-associated responses upon fungus-specific stimulation,
whereas phagocytosis and reactive oxygen species production were intact. Consistently, Card9-knockout mice
were highly susceptible to phaeohyphomycosis and exhibited immune deficiencies similar to those of patients,
including diminished NF-kB and p38 MAPK activation in local and in vitro functional studies. This work clarifies
the association between inherited CARD9 deficiencies and phaeohyphomycosis and furthers current knowl-
edge on the spectrum and pathophysiology of diseases resulting from CARD9Y deficiencies.

Wang X et al. J Invest Dermatol 2018;138:607-17



Low DEFB4 Copy Number and High Systemic

hBD-2 and IL-22 Levels Are Associated with
Dermatophytosis

Sameh W. Jaradat'?*, Susana Cubillos', Nadine Krieg1, Katja Lehmann', Bassam Issa*, Susann Piehler',
Sylvi Wehner-Diab', Uta-Christina Hipler' and Johannes Norgauer'

Dermatophytes initiate dermatophytosis, but susceptibility to infection is dictated by host genetic factors, although
the role of some of these—such as human beta-defensin 2 (hBD-2) genomic (DEFB4) copy number (CN) variation
and its induction by IL-22—remains unclear. This was investigated in this cross-sectional study in 442 unrelated
Caucasian subjects, including 195 healthy controls and 247 dermatophytosis patients who were divided into five
subgroups according to clinical presentation. DNA samples were evaluated for DEFB4 CN variation by relative
quantification using the comparative CT method, and serum hBD-2 and [L-22 levels were determined by ELISA.
DEFB4 CN in patients was significantly lower and, except in the tinea cruris subgroup, serum hBD-2 levels were
higher than in controls. The positive correlation between hBD-2 levels and DEFB4 CN observed in controls was not
detected in patients, who also had higher serum IL-22 levels that were positively correlated with hBD-2 levels.
Moreover, unlike in control subjects, the serum IL-22 level was negatively correlated with DEFB4 CN in patients.
Taken together, these findings suggest an association between decreased DEFB4 CN, elevated serum hBD-2 and IL-
22 levels, and dermatophytosis, underscoring a gene/cytokine interaction in the occurrence of this infection.

Journal of Investigative Dermatology (2015) 135, 750-758; doi:10.1038/jid.2014.369; published online 25 September 2014



Immune response to dermatophytes

Dermatophytes
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Tinea corporis

Erythematous scaly papules and nummular plaques




Tinea corporis







Tinea corporis

(Microsporum canis)




Tinea corporis

(extensive)




Inea corporis
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Tinea corpori

(extensive)

T. rubrum




Tinea corporis

(extensive)

Pemphigus vulgaris treated with rituximab and prednisone




Tinea corporis in a liver transplant patient




Etiological agents causing fungal infections and their

most frequent localization in transplant recipients

Class Species Disease Cutaneous involvement Systemic
superficial deep involvement
Dermatophytes Microsporum spp. Tinea v Rare
Trichophyton spp. v Rare
Epidermophyton spp. v
Yeasts Candida spp. Candidiasis v v v
Malassezia spp. Pityrosporum folliculitis; v
Pityriasis versicolor
Cryptococcus neoformans Cryptococcosis v v
Trichosporon beigelii Trichosporonosis v v
Dimorphic fungi Coccidioides immitis Coccidioidomycosis v v
Histoplasma capsulatum Histoplasmosis v v
Blastomyces dermatitidis Blastomycosis v v
Non-dermatophytic ~ Aspergillus spp. Aspergillosis v v
filamentous fungi Mucormycosis agents (Rhizopus spp., Mucor spp., Mucormycosis v v
Rhizomucor spp., Absidia spp., Apophysomyces spp.,
Cunninghamella spp., Saksenaea spp.)
Fusarium spp. Fusariosis v v v
Dematiaceous fungi:
Exophiala spp., Cladosporium spp., Bipolaris spp., Phaeohyphomycosis v
Wangiella spp., Alternaria spp.)
Phialophora spp., Cladosporium spp., Fonsecaea spp., Chromoblastomycosis v
Wangiella spp.
Pseudallescheria boydii Pseudallescheriosis v v

Virgili et al. Am J Clin Dermatol 2002



Tinea incognito




Tinea incognito

Trichophyton mentagrophytes
var mentagrophytes



Tinea facel




Tinea facel and atopic dermatitis




Tinea manuum

ATinea manum typified
by diffuse redness and
by accentuation of
scaliness in flexural
creases of palms

AThere may be present
arciform plagques with
a raised border.




