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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 lymph nodes and, occasionally, the central
nervous system. The condition is different from common superficial dermatophyte infection and
has been reported in patients with no known immunodeficiency. Patients are mostly from North
African, consanguineous, multiplex families, 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 CARD?9 (caspase recruitment domain—containing protein 9) deficiency has been reported

in an Iranian family with invasive fungal infections, we also sequenced CARD? 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 CARD? allele, due to a founder effect. The 2
Moroccan siblings were homozygous for the R101C CARD9 allele. Both alleles are rare
deleterious variants. The familial segregation of these alleles was consistent with autosomal
recessive inheritance and complete clinical penetrance.

CONCLUSIONS—AII the patients with deep dermatophytosis had autosomal recessive CARD9
deficiency. Deep dermatophytosis appears to be an important clinical manifestation of CARD9
deficiency. (Funded by Agence Nationale pour la Recherche and others.)

Deer oermatorrvosis 1s a rare, nvaSive, sometimes life-threatening, fungal infection caused by
dermatophytes.! These filamentous fungi are ubiquitous and usually cause benign infections
that are limited to keratinized tissues and lead to onychomycosis, tinea corporis, tinea cruris,
tinea pedis, or tinea capitis.? In deep dermatophytosis, dermatophytes invade the dermis and
hypodermis and disseminate to the skin, hair, nails, lymph nodes, and brain.3 Deep
dermatophytosis has been reported in patients with the human immunodeficiency virus and
patients who are receiving immunosuppressive therapy.3 It was first described in 1959 in
otherwise apparently healthy persons as “dermatophytic disease.”! Forty-five cases have
been reported to date in persons from North Africa.14-11 Twenty-four of these patients were
from consanguineous families; 5 patients had sporadic disease, and 19 patients from eight
multiplex families had familial disease. The remaining 21 patients were from families not
reported to be consanguineous; 14 patients had sporadic disease and 7 had familial disease.
This strongly suggests that predisposition to idiopathic deep dermatophytosis is inherited as
an autosomal recessive trait. In addition, 18 cases of sporadic disease in patients from
nonconsanguineous families have been reported in England, Russia, Denmark, Mexico,
Brazil, the United States, and Japan.12-18

Genetic susceptibility to fungal diseases in otherwise healthy patients has gained interest in
recent years.19 In particular, various inborn errors of interleukin-17 immunity (e.g.,
autosomal recessive interleukin-17RA deficiency, autosomal dominant interleukin-17F
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deficiency, and monoallelic gain-of-function mutations in STAT1) have been reported to
underlie chronic mucocutaneous candidiasis disease.29-2> Autosomal recessive CARD9
(caspase recruitment domain— containing protein 9) deficiency has been reported in two
unrelated kindreds with candida species meningitis, 2627 chronic mucocutaneous candidiasis,
and cutaneous dermatophytosis.28 However, deep dermatophytosis has not been reported in
association with any of these disorders. We used a candidate-gene approach, including the
sequencing of CARDO, to investigate 17 patients, from eight unrelated kindreds, who had
deep dermatophytosis and no known immunodeficiency.

Details regarding recruitment of patients, ethical considerations, selection of controls,
analysis of founder effects, Western blotting, and methods of histologic analysis are
described in the Supplementary Appendix, available with the full text of this article at
NEJM.org. This work was approved by the institutional review board, and all patients (or
their family members) provided written informed consent for participation in the study (see
the Supplementary Appendix).

MOLECULAR GENETICS

CARD?9 was amplified with specific primers. Polymerase-chain-reaction (PCR)
amplification conditions and primer sequences are described in the Supplementary
Appendix.

STIMULATION OF WHOLE-BLOOD CELLS

Whole blood was diluted at a 1:2 ratio, and samples were incubated for 24 hours and 48
hours with medium alone, zymosan (5 ug per milliliter), heat-killed Candida albicans (cell
density, 10° per milliliter), heat-killed Saccharomyces cerevisiae (108 per milliliter),
lipopolysaccharide (1 ng per milliliter), and — as a positive control of activation — phorbol
12-myristate 13-acetate plus ionomycin (0.2 pg per milliliter and 2.1074 ug per milliliter,
respectively). Interleukin-6 production was measured in the supernatants by enzyme-linked
immunosorbent assay.

MONOCYTE-DERIVED DENDRITIC CELLS

Monocyte-derived dendritic cells were prepared as previously described.?8 On day 8, flow
cytometry and analysis of total protein extracts were performed.

FLOW CYTOMETRY

Antibodies against human CARD9 (Epitomics 5281) or its control isotype and an Alexa
Fluor 488—conjugated secondary goat antirabbit antibody (Epitomics 3064-1) were used
according to the manufacturers’ protocols. T cells producing interleukin-17A and
interleukin-22 were evaluated by intracellular staining, as previously described.2°

N Engl J Med. Author manuscript; available in PMC 2014 July 07.
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CASE SUMMARY

We report on 17 patients with deep dermatophytosis and no known immunodeficiency. The
patients were from eight unrelated kindreds, seven of which were known to be
consanguineous. The eight families (Fig. 1) originated from Morocco (1 family), Tunisia (2
families), and Algeria (5 families) (Table 1), and the main characteristics of the patients are
reported in Table 2. Case reports are detailed in the Supplementary Appendix. In all patients,
first symptoms appeared in childhood or early adulthood (age range, 2 to 21 years). Four
patients (Patients 1, 2, 3, and 17) had adenitis caused by dermatophyte infection, which was
diagnosed on the basis of histologic analysis or positive dermatophyte culture, and 13
patients had documented cutaneous deep dermatophytosis (Patients 1 through 5, Patients 7
through 10, and Patients 12, 15, 16, and 17). Patient 14 had extensive skin, scalp, and nail
lesions, but no histologic studies or fungal cultures could be performed. However, this
patient had two children (Patients 15 and 16) with proven deep dermatophytosis. Finally, 3
index patients (Patients 4, 10, and 12) had three sisters (Patients 6, 11, and 13, respectively)
who had had chronic onychomycosis and tinea since childhood but did not have deep
dermatophytosis per se; the sisters were nevertheless considered to be affected.

The median age of the patients at recruitment was 41 years (range, 28 to 91). Skin lesions
subsequently included extensive erythematosquamous lesions and nodular subcutaneous or
ulcerative fistulized infiltrations (Fig. 2B; and Fig. S4.1A, S4.1] through S4.1M, S4.1P,
S4.1Q, S4.1R, and S4.1T in the Supplementary Appendix). Two patients had contiguous
locoregional extension to the bone or digestive tract (Fig. 2B and 2C; and Fig. S4.10,
S4.1U, S4.1V, and S4.1W in the Supplementary Appendix). Fifteen patients had severe
onychomyecosis (Fig. S4.1B, S4.1C, and S4.1S in the Supplementary Appendix).
Manifestations of the disease in other extradermatologic locations were also observed —
lymphadenopathies in 10 patients and probable brain involvement in 1 patient (Fig. S4.1F in
the Supplementary Appendix).

Histologic examination of the skin revealed a multifocal-to-coalescing granulomatous
dermatitis. The dermatitis extended throughout the dermis, was characterized by infiltrates
of activated macrophages and epithelioid cells that can fuse to form multinucleated giant
cells, and was associated with lymphocytes, plasma cells, neutrophils, and eosinophils. In
the center of such granulomas and sometimes even in the cytoplasm of multinucleated giant
cells, pseudohyphae and irregularly branched hyaline septate hyphae can be seen (Fig. 2A,
and Fig. S4.2A and S4.2B in the Supplementary Appendix). Immunohistochemical analyses
were positive when a primary antidermatophyte monoclonal antibody was used (Fig. S4.2C
in the Supplementary Appendix), and PCR assay of a skin-biopsy specimen was positive for
Trichophyton rubrum. Histologic examination of the lymph nodes revealed granulomas
containing hyphae and necrosis in four patients (Patients 1, 2, 3, and 17). Dermatophytes
also grew from the lymph nodes of Patients 2 and 3 (T. violaceum and T. rubrum,
respectively). The only other associated infectious condition was oral candidiasis in six
patients that was confirmed by mycologic evaluation. Four patients with clinically active
deep dermatophytosis died at the ages of 28, 29, 37, and 39 years. One patient died in a
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bedridden state at the age of 91 years. None of the patients had any detectable T-cell
immunodeficiency known to confer a predisposition to severe dermatophyte infection (Table
2).

IDENTIFICATION OF HOMOZYGOUS NONSENSE OR MISSENSE CARD9 MUTATIONS

Using a candidate-gene approach, we investigated 14 of the 17 patients who had deep
dermatophytosis and for whom genetic material was available. We first sequenced CARD9
and found homozygous mutations in all 14 patients. Eight Algerian patients and 4 Tunisian
patients had a homozygous ¢.C865T mutation in exon 6, resulting in a premature
termination codon in position 289, Q289X (Fig. S1 in the Supplementary Appendix), in the
region encoding the coiled-coil domain of CARD9 (Fig. S2 in the Supplementary
Appendix). The 2 patients from the Moroccan kindred had a homozygous CARD9 missense
mutation, ¢.C301T, in exon 3, resulting in the replacement of the arginine residue in position
101 with a cysteine residue (R101C) (Fig. S1.A in the Supplementary Appendix). This
amino acid substitution is located only a few amino acids after the end of the CARD domain
(Fig. S2 in the Supplementary Appendix). Finally, all healthy members of the eight kindreds
were found to be either homozygous for the nonmutated allele or heterozygous and had no
unusual infections, fungal or otherwise.

The segregation of the two mutations in the eight kindreds was consistent with autosomal
recessive CARD9 deficiency with complete clinical penetrance. These two mutations in
patients with deep dermatophytosis were different from the Q295X mutation previously
reported in an Iranian kindred with CARD9 deficiency and the compound heterozygous
missense mutations G72S and R373P found in a Dutch girl originating from Asia.26:27 The
missense and nonsense mutations reported here were not found in any of the various public
databases searched (Human Gene Mutation Database, Ensembl, and 1000 Genomes Project)
or in our in-house whole-exome-sequencing database (>1000 exomes). We also sequenced
CARD?9 in 1052 controls from the Human Genome Diversity Project—Centre d’Etude du
Polymorphisme Humain panel, as well as 138 persons from Morocco, 100 from Tunisia, and
83 from Algeria; all were found to be homozygous for nonmutated CARD9, thus decreasing
substantially the possibility that the Q289X and R101C variants were irrelevant
polymorphisms. With the use of Polymorphism Phenotyping, version 2 (PolyPhen-2),30 and
Sorting Intolerant from Tolerant (SIFT 2) software, the missense mutation was predicted in
silico to be deleterious.

FOUNDER-EFFECT ANALYSIS OF THE Q289X MUTATION

The eight Algerian patients and four Tunisian patients harbored the same previously
unknown homozygous premature termination codon (Q289X), a finding suggestive of a
founder effect. An analysis of Affymetrix 250K Nsp Array data performed for seven
Q289X/Q289X unrelated patients showed a common homozygous haplotype surrounding
CARD9 (Fig. S3 in the Supplementary Appendix). The largest common haplotype upstream
from the mutation identified in Patients 1 and 3 encompassed 1.2 megabases (corresponding
to 33 single-nucleotide polymorphisms [SNPs]). The largest common haplotype downstream
from the mutation identified in Patients 4 and 8 encompassed 1.6 megabases (29 SNPs). The
ESTIAGE program was used to estimate the age of the most recent common ancestor to 39
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generations (95% confidence interval [Cl1], 23 to 70). Assuming a generation time of 25
years, the most recent common ancestor of the patients therefore lived approximately 975
years ago (95% Cl, 575 to 1750).

EFFECT OF CARD9 MUTATIONS ON PROTEIN LEVELS

By transfection of the various CARD9 alleles in human embryonic kidney (HEK) 293T
cells, we found that the R101C protein expression pattern, as assessed with the use of
Western blotting, was similar to nonmutant protein, unlike truncated Q289X (Fig. S5 in the
Supplementary Appendix). We also performed Western blotting on cultured monocyte-
derived dendritic cells from two patients homozygous for the Q289X mutation (Patients 15
and 17). The two controls had a 62 kDa protein corresponding to the nonmutant CARD9
protein, whereas no protein was detected in monocyte-derived dendritic cells from Patients
15 and 17, not even at a lower molecular weight (Fig. S6.1 in the Supplementary Appendix).
Flow-cytometric analysis of CARD9 levels in monocyte-derived dendritic cells from Patient
12 (R101C/R101C) showed this protein to be less abundant than in monocyte-derived
dendritic cells from a healthy control that was tested in parallel (33% of monocyte-derived
dendritic cells were CARD9-positive in Patient 12, whereas 71% were CARD9-positive in
the control); Patient 17 (Q289X/Q289X) produced no CARD?9 protein at all (Fig. 3A). Thus,
in monocyte-derived dendritic cells, the Q289X allele leads to an absence of CARD9
protein, whereas the R101C allele results in much lower levels of CARD9 than normal.

EFFECT OF CARD9 MUTATIONS ON PROTEIN FUNCTION

We evaluated the functional consequence of CARD9 mutations by studying interleukin-6
production by whole-blood cells after 24 hours and after 48 hours of stimulation with
zymosan (an agonist of dectin-1 and toll-like receptor 2 [TLR2]), heat-killed Candida
albicans, heat-killed Saccharomyces cerevisiae, lipopolysaccharide (TLR4 agonist), and
phorbol 12-myristate 13-acetate plus ionomycin. We tested three controls, two patients
homozygous for the CARD9 Q289X allele, and one patient homozygous for the CARD9
R101C allele. All patients had markedly low levels of interleukin-6 production after 24
hours (Fig. S6.2 in the Supplementary Appendix) and after 48 hours (Fig. 3B) of whole-
blood stimulation with heat-killed C. albicans and heat-killed S. cerevisiae. Finally, for three
patients homozygous for the CARD9 Q289X allele and one patient homozygous for the
CARD9 R101C allele, we used flow cytometry ex vivo to evaluate the proportion of T cells
expressing interleukin-17A. These cells were significantly less common in these patients
than in the seven healthy controls tested in parallel (P = 0.004) (Fig. 3C).

DISCUSSION

We have identified autosomal recessive CARD9 deficiency as a potential genetic cause of
deep dermatophytosis. This broadens the spectrum of severe fungal infections that are
associated with CARD9 deficiency. Subsequent to the Q295X nonsense mutation and the
compound heterozygote missense mutations G72S and R373P previously reported,26:27 we
identified two new CARD9 mutations. One was a missense mutation (R101C), and the other
was a nonsense mutation (Q289X). Patients homozygous for these deleterious alleles were
found in four countries (Iran,26 Morocco, Tunisia, and Algeria); the prevalence of parental
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consanguinity is high in these countries. Five Algerian families and two Tunisian families
carried the same Q289X mutation because of a founder effect, with the most recent common
ancestor living approximately 975 years ago. None of the heterozygous persons had any
clinical signs, whereas all persons homozygous for the mutated allele had signs, findings
that were consistent with an autosomal recessive mode of inheritance and complete clinical
penetrance.

This study and previous studies?%-27 have identified a total of 25 patients from 10 families in
five countries, with five different alleles. Four different clinical phenotypes have now been
reported in patients with autosomal recessive CARD9 deficiency. The seven related Iranian
patients and the Dutch patient had candida infection of the central nervous system,26:27
chronic mucocutaneous candidiasis, and superficial dermatophytosis.28 We now show that
CARD?9 deficiency is a potential genetic cause of deep dermatophytosis, since all patients
with idiopathic deep dermatophytosis studied to date have been shown to carry biallelic,
rare, deleterious mutations in CARD9. Therefore, it is possible that CARD9 mutations will
be identified in other patients with deep dermatophytosis.1:4:12:31,32

Dermatophytes usually infect keratinized tissues. There are different types of so-called
dermatophyte-related invasive infections. Majocchi’s granuloma is a limited perifollicular
granuloma.33:34 Its histologic characteristics are perifollicular granulomatous inflammation
with dermal abscesses and dermatophyte hyphae. In contrast, deep dermatophytosis refers to
dermal invasions that are not localized and in which the granulomatous reaction extends
beyond the perifollicular area.35-38

In all the patients we have described, idiopathic deep dermatophytosis was diagnosed on
clinical, histologic, and mycologic grounds according to the 2008 European Organization for
Research and Treatment of Cancer—-Mycoses Study Group consensus group definition (see
the Supplementary Appendix, section 1). However, kindreds with CARD?9 deficiency had
phenotypic variability in dermatophytic infection, as already described.?6 The clinical signs
of deep dermatophytosis in the patients described here began in childhood, with recurrent
and severe tinea and onychomycosis, and worsened during adolescence, leading to invasive
disease. Survival was poor in these patients — 4 of the 17 patients we studied died between
the ages of 28 and 39 years with clinically active deep dermatophytosis, and a fifth patient
died at 91 years of age. However, no other severe infections were reported; in particular,
there were no infections due to mycobacterium species or listeria, in contrast to reports of
infections in CARD9-deficient mice.39:40

Twenty-five patients bearing biallelic deleterious CARD? alleles have now been reported,
and these patients had various fungal infections, including superficial and invasive fungal
diseases. These findings highlight the role of CARD?9 in the human immune responses
controlling fungal infection. The molecular and cellular bases of susceptibility to fungal
disease, including deep dermatophytosis in particular, remain unclear. A defect in
macrophages, dendritic cells, or keratinocytes might account for the invasion of the dermis
by dermatophytes in CARD9-deficient patients, since the Q289X mutation leads to a loss of
expression and the R101C mutation leads to lower levels of expression in the patients’
monocyte-derived dendritic cells.

N Engl J Med. Author manuscript; available in PMC 2014 July 07.
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CARD?9 is an adaptor in the signaling pathway downstream from dectin-1, dectin-2,
macrophage-inducible C-type lectin, and probably other as yet unknown receptors involved
in antifungal immunity.49-47 However, it remains unclear which receptors are actually
involved in immunity to dermatophytes. The diverse clinical presentations of CARD9
deficiency, ranging from dermatophytosis to candida meningitis, suggest that multiple
molecular pathways in multiple cell types are controlled by CARD9. The patients tested had
impaired interleukin-6 production in response to whole-blood stimulation with fungal
ligands (heat-killed C. albicans and S. cerevisiae), which indicates that the CARD9 alleles
are deleterious for at least some cellular responses that may underlie deep dermatophytosis.
Patients with CARD?9 deficiency have also been reported to have low proportions of
interleukin-17 T cells.26:27 We found that patients had significantly lower proportions of
interleukin-17 T cells than normal. However, this may not necessarily be a consequence of
CARD?9 deficiency, since deep dermatophytosis may result in the trapping of
interleukin-17—producing T cells in skin lesions.

Additional studies are required to characterize the CARD9-dependent pathways in both
myeloid and lymphoid cells in humans, as well as the other genes responsible for controlling
host defense against candida species and dermatophytes. In any case, deep dermatophytosis
has been shown to be associated with biallelic, rare, deleterious CARD9 mutations in all
kindreds tested to date, providing yet another example of a life-threatening infectious
disease associated with single-gene inborn errors of immunity.48:49

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Pedigrees of the 17 Patients from Eight Kindredswith Deep Der matophytosis and
CARD9 Mutations

Panels A through H represent the eight kindreds. Each generation is designated by a Roman
numeral, and each family member by an Arabic numeral. Circles denote female family
members, squares male family members, solid squares and circles patients with deep
dermatophytosis, double horizontal lines consanguinity in a married couple, and slashes
deceased family members. The probands are indicated by arrows. The CARD9 genotype is
indicated below each family member. E? denotes no DNA available, NM nonmutated, and P
patient.
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Figure 2. Clinical and Histologic Features of Patientswith CARD9 Deficiency
A skin-biopsy specimen from Patient 13 (Panel A, periodic acid-Schiff) shows irregularly

branched septate hyphae (arrowhead) in the center of a granuloma containing multinucleated
giant cells (asterisk). Clinical features of Patient 12 (Panel B) and Patient 8 (Panel C) are
shown.
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Figure 3. Effect of CARD9 Mutations on CARD9 Expression and Function
Panel A shows flow cytometric expression of CARD9 in monocyte-derived dendritic cells

(MDDCs) in Patients 12 and 17 and controls. Panel B shows interleukin-6 production by
whole-blood cells from patients with Q289X/Q289X and R101C/R101C CARD?9 genotypes
after 48 hours, as measured by enzyme-linked immunosorbent assay on stimulation with
zymosan, heat-killed Candida albicans (HK C. alb), heat-killed Saccharomyces cerevisiae
(HK'S. cer), lipopolysaccharide (LPS), and phorbol 12-myristate 13-acetate plus ionomycin
(PMA+Iono). NS denotes unstimulated. The asterisks indicate values below 100 pg per
milliliter, and the T bars the standard deviation. Panel C shows impaired development of
interleukin-17—producing T cells in patients homozygous for the R101C or Q289X CARD9

mutations.

N Engl J Med. Author manuscript; available in PMC 2014 July 07.

Page 14



Page 15

Lanternier et al.

'saaiBipad ay1 01 puodsa.lo9 siaquuinu ased ay L

1

‘8]qe|IeAR 10U YN PUB ‘d|qe|IeAR YN OU Salousp ¢3
«

77eIPN0g-pessiN pue
IInoqureis
-auaybpnog

or [ 18 DISMONZSNId

sEIPNog-peIsIN pue
1Inoquiels
-auaybpnog

g2 19 lInoquiels
-auaybpnog
,elpnog-pessin
pue fjnoquels
-auaybpnog

GBIpNOg-pesa|N pue

1Inoquiels
-auaybpnog

80Us JBJRY

X6820/X6820
X6820/X6820
X6820/X6820
X6820/X6820
JTOTH/OTOTY
JTOTH/OTOTY
X6820/X6820

X6820/X6820
¢3

X6820/X6820
X6820/X6820
X6820/X6820
3
X6820/X6820

X6820/X6820

¢3

X6820/X6820

uoireIN A
6QdvO

N
Y
NIy
pead
Y
N
N

peaq
peaq

oY
N
Y
pead
N\

NNV

peaa

oY

Apnis jo
[wll v
snpeis

WINSOBIOIA " | pue Wwnigni *]
WIN3OB[OIA " | pue WwnJgni *|
wnagna "1
a1Aydorewlsqg
aAydorewa@
wnagna "1

a1Aydorewlsqg

WINJBJOIA * |

saisdolq uo seydAy jebun4

saisdoiq uo seydAy jebun4

saisdolq uo seydAy jebun4
WIN3Ye|OIA " |
WIN3eJOIA *|

WINJJBJOIA *|

wnagna “ |

WIN3JB|OIA *|.

wnade|olA uoylydoyona |

snBun4

sapou ydwA| ‘sjreu ‘djeas ‘us
sapou ydwA| ‘sjreu ‘djess ‘uns
s|reu ‘djeas
s|reu ‘djeas ‘us
s|ieu ‘djeas
s|reu ‘sapou ydwA| ‘auoq ‘us

S|'eN

sapou ydwA| ‘dfess ‘upis
dpess ‘upjs

sapou
ydwA| ‘dreas ‘wnauiiad ‘us

sapou ydwA| ‘sjreu ‘djeas ‘us
S|'eN
sapou ydwA| ‘sjreu ‘djeas ‘us

s|reu ‘djeas ‘unjs

sapou ydwA| ‘sjreu ‘djeas ‘us

urelq
‘sapou ydwA| ‘sjreu ‘djeas ‘ums

sapou ydwA| ‘sjreu ‘djeas ‘uns

JUSWIBAIOAU | LeB 1O

eisiun
eIsiun
eisiun
eIsiun

099040\

032040

L=z uw = =2 u =

eLaby

eLaby

=

eLaby

=

eLaby
eLaby
eLab|y
eLaby

= =2 uw = =2

euab|y

eusbly 4

eusbly N

eudbly N
[15]Ple)
0
AnunoD xS

a9
[4°]
144
16
6v
oy
LE

6¢
8¢

oy
514
144
123
99

oy

6¢

S.

dn-mojjo4
se e
abvy Jo JA

9
S
1)

VN
VN
VN

VN

VN

T¢
6T

©

9

Bsuo
wodwAs e
abvy Jo A

T-1I-H
-11-9
T-1-9

9-11-9

€14
9-11-4
0tT-11-3

L-11-3
y-11-d

L-11-a
9-11-d
TT-11-0
S-11-0
T-1-0

9-11-d

T-1-v

LON
ssed

LT
91
ST
14’
€T
1)
11

0t

< 10 © M~

‘ON
uslired

NIH-PA Author Manuscript

NIH-PA Author Manuscript

. s1solAydorewsa@ daa@ yum sjusied /T ayp Jo uonduassq

T alqel

NIH-PA Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2014 July 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Lanternier et al.

Characteristics of the 17 Patients.

Variable

Male sex

Female sex

Country of origin
Morocco
Algeria
Tunisia

First symptoms*
Severe or recurrent tinea capitis
Severe or recurrent tinea corporis
Onychomycosis

Presentations in adulthood
Lymph node enlargement
Central nervous system invasion

Local organ invasion (bone, diges-
tive tract)

Associated infection: thrush

Deaths
Dermatophyte identified
T. rubrum
T. violaceum
Histologic features
Granuloma
Necrosis
Hyphae on biopsy
Biologic explorationi
Hypereosinophilia (>500/mm3)
High IgE levels (>500,000 1U/ml)
Lymphocyte subset*
Normal CD4+ T-lymphocyte subset
Normal CD8+ T-lymphocyte subset
Normal B-lymphocyte subset

Normal NK-lymphocyte subset

No. of
Patients

12

11

14
10

10

10

12

9/10
414

414
414
3/3
3/3

*
The median age at first symptoms was 8 years (range, 2 to 21).
TThe median age at death was 34 years (range, 28 to 91).

iFor biologic exploration and lymphocyte subset, the number and total number of patients tested are shown for each category.
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