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Purpose of review
t?:1"- thot s.kin symptoms hel,p in the recognition of primory immunodeficìencies (plDs). To onolyze
wheiher recent moleculor doio help in underslonding genotype/phenoiype relotions.

Recent findings
Frythrodermo in Omenn syndrome moy be coused by either mutotions in genes ossocioted wiih severe
combined immunodeficiency (SCID) in which the generotion of some T ceìís is possible, *iilh r"rrlt, in
potentiolly outoreoctive lymphoid clones, or by selective proliferotion of revertont CDB+ T cells in the skin
d,ue to cl.onol exponsion in response to infections or oufoonligens.
The newborn eczemotous eruption, which occurs moinly in th"e signol-tronsducer-ond-octivotor-of-
tronscription-3 {STAT3) voriont, helps to differentiote STAT3 from bedicotor of Cyiokinesis B-reloted Hyper-
lgE-syndrome {HIES}.

[q:i'-.d T helper 'l Z cell (TH I 7) immunity [HIES ond defects of ouloimmune reguloror elemenr (AIRF),
STAT l, ond inierleukinìZ receptor(lllZ(R))lmoy give rise to locolized chronic mucocutoneous condiJiosis,
whereos o defective innoie immune system predisposes to systemic condidiosis t.."g;;it;i;;utrop"nio,neutrophil dysfunction, ond cospose recruitment domoin 9 (bARD9) deficiency].
Noninfectious gronulomosrnoy be the presenting symptom in innote immuniiyiefects [such os chronic
gronulomolous diseose (CGD) or in predominonily'hrrorol immunodeficiencies such os common vorioble
immunodeficiency], os well os ofoxio teleongiectosio or rore recombinolion-octivoting gene-deficient coses.

5ummary
The skin is importont in the diognosis of PlDs. ln porticulor eczemotous lesions, erythrodermo, noninfectious
gronulomo, ond microbiol monifestotions moy help to direct furiher diognostic'lob'orotof onotyri,
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Primary immunodeficiencies (plDs) are rare. The
prevalence in eight European core countries was
4.1 per 100.000 inhabitants [1.].

- A1 an easily accessible organ, the skin might be
of help in recognizing a plD patlent. Cutaneous
manifestations in PID can lead to early suspicion
and diagnosis [2]. In a prospective study óf iZa
children with PID, 4\o/o presented skin mani_
festations, in 39oh as an early feature [3].

As genotype and skin-phenotype of a pID are not
always orre unity, we highlight dermatological
aspects of PIDs in relation to recent molecular find_
ings.
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Erythroderma occurs in 7o/o of the pIDs [3]. A skin
biopsy is helpful for etiologic diagnosis of infantile
erythroderma, particularly in plD [4].
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Erythroderma shortly after birth, followed by
alopecia, lymphadenopathlz, and hepatosplenomó-
galy, is considered as a classic Omenn syndrome, in
which subsequent generalized edema and metabolic
alterations may be caused by a high loss of pro_
teins [5]. Recombination-Activating Gene GÀG)
deficiency, among others, leads to severe combined
immunodeficiency (SCID) or Omenn syndrome.

AIso mutations in Artemis, DNA ligase_4, inter_
leukin-2 (IL-Z) receptor y chain, IL-i receptor n
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KEY POINTS

. Looking ot the skin is useful when onolyzing o child
wift PlD.

. Erythrodermo is o serious skin problem in some PlDs.

o ln cose of serious or otypicol otopic dermotitis lhink
of PlD.

r Noninfeciious gronulomoto moy be the presenling sign
of otoxio teleongiectosio ond Rog-2 deficiency.

chain, adenosine deaminase, and RNA component
of mitochondrial RNA processing endoribonuclease
(RMRP) genes can cause Omenn syndrome [6]. The
majority of Omenn syndrome is caused by gene-
mutations associated with SCID when their func-
tion is completely aboiished, but, when in a residual
number of T cells their activity is partially main-
tained, it results in potentially autoreactive lym-
phoid clones [5]. This is illustrated by an atypical
case of X-linked SCID (XSCID), which presented
with autologous T and natural killer (NK) cells
and Omenn syndrome-like manifestations. A
splice-site mutation that caused most of the mRNA
to be incorrectly spliced, but produced normally
spliced transcript in a lesser amount, led to residual
common-T chain CD732 expression and develop-
ment of T and NK cells. The skin biopsy showed
massive infiltration of revertant (caused by a second-
site mutation) T cells, mostly of the CD8+ T-cell
subset, with a T-cell Receptor (TCR) repertoire
restricted to a TCR-VBz expansion, resulting in
restoration of correct splicing and normal CD132
expression and function. This highlights revertant
mosaicism as a possible cause for variable pheno-
typic expression. Why in particular these 'normal',
reverted T ceìls were involved in the Omenn syn-
drome-related skin disease remained unclear [7].
Usually, the feature of oligoclonal expansion of
autoreactive T cells in the skin is the major hallmark
of the skin symptoms of Omenn syndrome,
although NK cells were held responsible for the
manifestations in another unique case. Also in this
case, the reason why the NK cells had infiitrated the
skin remained unclear [8].

In some SCID patients, the erythroderma is
Graft-versus-Host disease caused by maternofetaÌ
transfusion. Microsatellite analysis is used to rule
out maternal T-cell engraftment when in doubt.

ffiWWK{'îfuWHYHffi

In various immunodeficiencies atypical dermatitis,
often widespread and resistant to treatment,

presents early in the course of the disease, hard to
discern from atopic dermatitis.

High total and specific IgE levels in some PIDs
complicate the differentiation from atopic dermati-
tis. Dermatitis has been described in B1-100o/o of
patients with Hyper-IgE-syndrome (HIES) [3,9,10'].
The discovery of different genotypes led to the dis-
tinction of two phenotypes [1 1]. Some patients have
loss-of-function mutation in, or deletions of, the
gene 'Dedicator of Cytokinesis B' (DOCK8), which
is expressed in lymphocytes; others (the classicJob's
syndrome) have dominant-negative mutations in
'signal-transducer-and-activator-of-transcription-3'
(STAT3). Clinical findings (see Table 1) [12",13*18]
and family history, combined with the assess-
ment of TH17 cells and IL-17, discriminate HIES
patients with STAT3 mutations from classical atopic
dermatitis patients (patients with wild-type STAT3)
t1el.

In the autosomal recessive DOCKS deficiency
the dermatitis is more severe than in autosomal
dominant S7-AT3-negative HIES cases [12",20]. A
helpful skin characteristic to discern the two geno-
types is the newborn eczematous rash, present in
65-80% of STAT3 mutation patients and only in
24o/o of DOCKS mutations. See Table 1 for more
details 112",73 - 17,201.

In 80-100oó of patients with Wiskott-Aldrich
syndrome (WAS) [3,16] atopic dermatitis-like
skin problems occur. Premature termination and
deletion mutations in the WASP gene, located in
the X-chromosome, may result in a classical syn-
drome showing neonatal thrombocytopenia, small
dysfunctional platelets, eczema, and severe infec-
tions early in life, but missense mutations in the
gene lead to residual WASP protein expression, and
usually result in X-linked thrombocytopenia (XLT)
only. WASP-associated or related proteins may com-
pensate the WASP protein deficiency [21].

The eczema in WAS patients is reported to look
like atopic dermatitis 1221, but the UK Working
Party's diagnostic criteria for atopic dermatitis
(UKWPAD) [15] were not tested. We found the
hemorrhagic component of the dermatitis to be of
help to distinguish it from atopic dermatitis. For
more details see Tabie 1.

Dermatitis resembling atopic dermatitis occurs
in IgA-deficient patients. IgA deficiency shares a
major histocompatibility complex-linked genetic
defect with the rarer common variable immuno-
deficiency (CVID), characterized by, in the course
of life, progressive decrease in IgG, IgA, and often
IgM. A review of 37 patients (4-32 years), followed
for 131 patient years [23], shows, apart from infec-
tions in B4olo, asthma, atopic dermatitis (UKWPAD
[15] not tested), and allergic rhinoconjunctivitis,
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Symploms

Autosomol dom HIES

(STAT3) [2",13,t4]
Autosomol rec HIES

(DOCK8) f 4l

WAS Iló] (premoture

termìnotion ond deletion
mutoiions ìn WASP)

IPEX syndrome ['18]
(bosed on 10 coses)

c.,.o''u1,,;.;, cie;
Aidóv .

[czemo

&-.$vl#: 80/64,9/67%

8s/90.6/47%

es/90.ó/9s%
{UKWPAD - )|51

? /? /23%

87 /95.3/9O%

?

83/43.1 /se%

87%/45.8%

7O%/74.6%

Yes

70%/s2 7%/?

ó5%/?/4s%

óo%/2ó%/?

7O%/80%/?

s%/?/14%

?/6A%

0%

ln 24%

o%

9l% (UKWPAD +)

50%

8t%

95%

95%

91%

?

No

Rore

No

80-r00% (uKwPAD ?)

Predisposed ?%

Predisposed ?%

12%

22%

65%

?

No

I8% llZl iprepon-
deronce ol NHL)

none

0%

After I st month

No

7 coses {UKWPAD ?)

I 0 coses(?)

0

I 0 coses

Yes

No

Yes

No

No

None

I 0 coses

"'Allersie;
Asthmo

ln{eòritns

Skin, mucous membrone

bocteriol

v rrol

Condido

Respirotory infections

Lung cyst formotion

Musculoskeleiol syslem

Joi nf hyperexten si bi I i ty

Minimol iroumo froctures

Scoliosis > I 0"

Reiention prìmory teeth

Neoplosms

Squomous cell corcinomo

Lymphomo (o.o. CTCL)

Burkitt lymphomo, microcystic odnexol

corcinomo, perigostric leiomyomo

Coronory vosculor molformciìons

Polyendocrinopothy, enteropothy

19%

+

+

+

?

o%

CTCL, cuioneous Tcell lymphomo; HIES, HyperlgE*yndrome; lPÉX, immune dysregulotion-polyendocrinopothy-enleropothy-X-linked syndrome; NHL, Non Hodgkin
lymphomo; UKWPAD, United Kìngdom Working Porty diognostic criterio for otopic dermotitis |5]; WAS, Wiskoti*Aldrich syndrome.

aliergybeing the presenting symptom in 40.5% [23].
IgA-deficient patients with concomitant defects in
specific antibody production have more recutrent
infections and bronchiectasis than atopic dermatitis
patients [23].

Other PIDs with associated eczema, increased
serum IgE levels, and recurrent infections inciude
Omenn syndrome LZ4], immune dysregulation-
polyendocrinopathy-enteropathy-X-linked syndrome
(IPEX; caused by mutations in the gene FOXP3) [1Bl
and Comel-Netherton syndrome (caused by muta-
tions in SPllúI(s).

Seven of 10IPEX boys showed widespread atopic
dermatitis: erythematous exudative or lichenified
plaques evolving into exfoliative erythroderma in
two [18] (for more details see Table 1).

Comel-Netherton syndrome is characterizedby
a skin-barrier defect, bamboo hairs, and often abnor-
malities of memory B-cells and NK cells. It often
presents with erythroderma and failure to thrive.
The erythroderma may evolve into eczematous

Iesions with allergy hard to discern from atopic
dermatitis.

Wa,i':i; i r *ry'; 1.' "1È" í ::r"j$ 
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The skin barrier is the first line of defense against
fungi [25], and contains antimicrobial peptides. The
defense, furthermore, relies on innate and adaptive
immune mechanisms.

The IL17-producing TH17 subset of T lympho-
cytes plays an essential role in immunity [26], illus-
trated by various genetic defects in the development
of TH17 cells in the case of increased susceptibility
to Candida 127,28"1. The role of lL-I7 is implicated
by the identification of IL-17R and IL-17F mutations
in pedigrees with chronic mucocutaneous candi-
diasis (CMC) 127). Mutations in signaling com-
ponents (STAT3 and AIRE), known to be critical
for the induction of Th17 responses in T cells, are
also linked to Candida infection 129,301. However,
the innate pathways of defense against Candida spp.
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remain enigmatic. Complement and also phago-
cytes contribute to the clearance of fungal infec-
tions, illustrated by invasive Candida infections in
Chronic Granulomatous Disease (CGD), caused by
defects in the NADPH oxidase enzyme complex
needed for microbial killing, and by the positive
effect of granulocyte transfusion in disseminated
candidiasis [31",32]. In CARD9-deficiency we iden-
tified a granulocyte defect in Candida killing (R.P.

Gazendam and T.W. Kuijpers, in preparation),
which seems to contribute more to the invasive
nature of the fungal infection than a reduction in
the numbers of TH17 cells [33].

In mucocutaneous fungal infections, not only
IL-77 or IL-22, but also receptors recognizing com-
ponents of fungi, contribute. When defects occur in
either Il-reaction, or the receptors, CMC infections
arise [31"1. Moreover, TH17 cells help in defense
against other extracellular pathogens (bacteria and
some parasites). Impaired cellular immunity may
cause CMC, whereas a defective innate immune

system (congenital neutropenia and neutrophil dys-
function) predisposes to systemic candidiasis [31"].

The PIDs with CMC are lacking factors in the
defense mechanisms outlined above (Table 2) [31"].

Dectin-1 deficiency is only a very mild immu-
nodeficiency, as described in a Dutch family with
three affected sisters with a homozygous mutation
in Dectin-1 showing recurrent r,'ulvovaginal candi-
diasis, chronic onychomycosis, or both [34]. To date
the mutation is considered a modulating factor aiso
found in the healthy population.

The STATI mutations of the coiled-coil domain
of STAT1 cause fungaÌ infections in anotheÍ wayt
leading to a reduction in the normal inactivation of
phosphorylated STAT1 dimers. The STAT1 coiled-
coil mutations shift the immune response to inhi-
bition of IL-77 and thus prevent TH17 generation,
resultlng in an autosomal-dominantiy inherited
susceptibility to serious fungal infections [34].

The overlap of the skin phenotype of fungal
infections in PID does not a11ow a definite PID

îqble 2. Primory immunodeficiencies ossocioted wilh chronic mucoculoneous condidiosis

Moleculor defecl

Assocìoied

gene/ironsmission Clinicol picture

APECED

SCID

AR.HIES

lL-12 ond lL-23 defícìency

lL-ì Z defìciency

Dectin I deficìency [13]

CARD9 deficiency

TYK2 deficiency

STAT'l mutotions

Domìnonf-negoiive effeci on muliiple
inlrqcellulor signoling pothwoys, including
ìmpoired generotion of TH 1 Z cells, ond
impoired introcellulor signoling by receptors
ol lL-17 ond 22.

Loss of toleronce, wilh persìstence of
ouloreoctive T cells, including ihe

produclion of ouloqntìbodies to cylokìnes
(e.s., lL-l Z ond 22).

lmpoired generotion of T cells, wilh or wiihoul
occomponying B ond NK lymphocytopenio.

lmpoired T-cell octìvoiion, possibly impoired
moinlenonce of memory Th I Z cells or
impoired formolion of immunologicol
synapse.

lmpoired developmenl of Th'l Z cells.

lmpoired or obolished cellulor responses to lL-

12, due to either impoired production of or
obolished response copociiy io lL-17.

Cell surfoce expressìon of the (mutoled)

receptor is lost, leodìng to impoired lL-ó, il--

17 ond TNFa on siimulotion in vilro.

lmpoired funciion of signoìosomes for dectìn

{dectin I ond dectin 2) ond other
recognition molecules.

Adoptor molecule.for severol receplor
complexes, including lL23 receplor.

The mulotions in the coiled-coìl domoin of
STATl

STAT3, AD

AIRE, AR

lL2RG, Xlinked; JAK3, AR;

lLZRa, AR; CD3ò, AR;

CD3e, AR; RAGì, AR;

RAG2, AR; ARTEMIS, AR;

CD45, AR

DOCK8, AR

lll28, AR; lll2RBl, AR

lll7F, AD; ltlZRA, AR

DecÌin-1, AR

CARD9, AR

ryK2, AR

STATI, AD

Serious CMC, in porliculor fingerÀoil,
voginol, ond orol diseose

Serious CMC, usuolìy orising within
the firsl decode of life

CMC possible, perionol rosh ond
thrush orise ìn the first few months ol
life

Serious CMC

CMC bui milder thon in STAT3

deficiency

Neonotol condidiosis, serìous CMC

lncreosed susceptibilìty to vulvovogìnol
condidiosìs ond onychomycosis

Severe or recurrent orol, voginol
condidiosìs, dermotophylosìs,
invosìve condidiosis (meningiiis)

Orol coniidiosis

Severe CMC ond dermolophylosis

Modified ioble from ref [3ì"]. AD-HlÉS, outosomol dominonrHypenlgE-syndrome; AIRE, ouioimmune reguloior element; APECED, outoimmune
polyendocrinopothy-condidiosis-eclodermol dystrophy AR, outosomol recessive; CMC, chronic mucocuioneous condidiosis; SCID, severe combined
im m unodefìciency.
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b.#$j$ffell and B-cell immuno deficiencies; in other
;[Ìffi'-:they occur too, but the difference from the
phàgocyte defects is not significant [3].

l::;..:;;tl:l/.)i: t: t: | | ili f; |

:É?íilWr[HH .infections Point
pf'ob Si

i:::ir .::li-ir::l:lÉ?a 1...1:

H$ffiru $ry.Fffi#x"BffiruS
tiitl;:iì;.í,ii.;:; ;:i

$ fjr A f' btions are more prevalent in
wíth congenital defects in phagocyte

ffiffiH+Ai ction, ot both than in those with com-

teleangiectasia, in Nijmegen breakage syndrome,
in SCID [due to deficiency of RAG, Artemis, and
Janus kinase 3 (JAK3)1, in'IAP-deficiency syndrome,
Griscelli syndrome, and CVID [39].

In ataxia teleangiectasia, the granulomas
present in patients from 1.5 to 31 years [391. Inter-
estingly, in B%o of the reported patients, the onset
antedated the diagnosis and other features of ataxia
teleangiectasia [39]. All had lesions on the limbs;
additional granulomas occurred on the face and, in
25o/o, on the trunk. The granulomas (5-10cm
width) were well-defined, slowly enlarging, later
scaly, erythematous-indurated papules and plaques,
with central atrophy or ulceration [39]. The cause
seems to be related to immune dysregulation, as
suggested by a reduction of peripheral CD19+ B
cells, a low number of CD3+CD4*CD45RA+ naive
T cells in the presence of normal NK ceils and l/ò
T cells [40].

Whether granuloma formation plays a role in
the prognosis of ataxia teleangiectasia patients is not
reported [41].

RAG-deficient patients with granulomas are
immunologically different from other RAG-
deficient patients [6]. They present at later age
(around 3 years old) and the immunophenotype
is T+ B+ NK+ with low for age lymphocyte
numbers. Their granulomas show histopathological
features of epitheloid and noncaseating granulo-
mas; their immunopathogenesis is unclear [6].

Cutaneous granulomas in CVID occur com-
monly in adults and in one-third of the children,
and are mainly located on the extremities, but the
face and buttocks may be involved faLl. ln CVID,
the histopathology is sarcoid-like [a3]. The patho-
genesis of granuÌomas in CVID is unclear; HHV8 has
been suggested as a cause [a ] but not confirmed
afterwards.

In 2o/o of CGD patients, aseptic granulomas of
the skin occur [32], and their cause remains not
well understood.

{#,{&?$rí}ilwffivffir..e

The skin is important in the presentation of pID. On
the basis of the most characteristic skin symptoms
described in PIDs, we reviewed the relation between
skin phenotype and PID genotype. Eczematous
lesions may be present in PIDs (Table 1). Especially
in HIES induced by different genotypes (deficiency
of STAT3 or DOCKS), the skin phenotype may be
helpful to differentiate these two variants. In eryth-
roderma, one should think of Omenn syndrome but
not exclude SCID. A bacterial skin infection may be
the presenting symptom of congenital defects in
phagocyte number and function as well as of HIES.

Deep skin infections (follicuiitis or abscess for-
mation) are presenting features in DOCKB and
STAT3-related HIES patients [3].

In an analysis of 429 patients with CGD f67%
X-linked and 337o autosomal recessive (AR)l 17olo
showed skin abscesses and 5%o furunculosis more
than once in their lifetime [32].

In Leukocyte Adhesion Deficiencies (LADs),
microbial inflammation instead of overt pustules
and abcesses often leads to ulcerations that can be
described as pyoderma gangrenosum [35,36]. LADl
is an autosomal recessive disorder caused by the
absence of the B2 integrin subunit (CD1B), causing
impairment of neutrophil migration and activa-
tion [35]. Severe LAD1 (CD11/CD18 surface expres-
sion <1olo of normal) is characterized by delayed
separation of the umbilical cord, recurrent skin
infections without pus formation, severe invasive
infections, and abnormal wound healing. LAD-I-
variant syndrome (also known as LADIII) is caused
by a Kindlin-3 defect; this protein is required for the
induction of integrin affinity changes for ieukocyte
and platelet adhesion upon cell activation [37]. In
contrast to LAD1, a bleeding disorder coincides with
and may dominate over the inflammatory and
infectious events. However, the persistent mild-to-
moderate leukocytosis, poor wound healing, and
late detachment of the umbilical cord are eminent
features in many cases.

In antibody deficiencies, most symptomatic
patients present with ear, nose, throat, and airway
and not with recurrent bacterial skin infections [381.

Recognizing a specific PID is hard by bacterial
skin infections only, but, when the skin infection is
the presenting symptom of the PID, HIES and con-
genital defects in phagocyte number, function or
both are the first diseases to look for.

ffiW MW:L,LffiW E W ffi"#EW ffi"W W{&3:ú

Noninfectious granulomatous skin lesions in
immunodeficient children are a rather frequently
occurring enigma. Histopathology is helpful and
infectious origin can be (culture, staining, and
PCR) excluded. The granulomas can occur in ataxia
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Noninfectious granulomas are in particular found
in CVID, in a subpopulation of RAG-deficient
patients, in CGD and in ataxia teleangiectasia
(sometimes as presenting symptom). To elucidate
the pathomechanism of granulomas further research
is needed.
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