
Review

Chronic mucocutaneous candidiasis: a spectrum
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ABSTRACT
Chronic mucocutaneous candidiasis (CMCC) encompasses a heterogeneous group of syndromes associated
with persistent or recurrent Candida infections of the skin, nails, and mucous membranes. While chronic candi-
diasis can present by itself or as part of a complex, including endocrinopathy, autoimmune manifestations, bone
marrow failure and neoplastic diseases, it is often regarded as a warning sign for immunodeficiency. Here, we
review the processes involved in host-microbial recognition of Candida and highlight underlying genetic causes
of CMCC—including those that are monogenic (such as mutations in AIRE and STAT1) as well as polymor-
phisms that increase susceptibility to candidal infection.

Statement of novelty: This review provides an overview of the pathophysiology of Candida fungal infection as
well as genetic defects that have been identified to cause CMCC.

Introduction

Chronic mucocutaneous candidiasis (CMCC)
encompasses a heterogeneous group of syndromes asso-
ciated with persistent or recurrent Candida infections of
the skin, nails, and mucous membranes (Kirkpatrick
1994). While chronic candidiasis can present by itself
or as part of a complex, including endocrinopathy,
autoimmune manifestations, bone marrow failure and
neoplastic diseases, it is often regarded as a warning sign
for immunodeficiency. Indeed, much current knowl-
edge is derived from study of families and individuals
with immune dysfunction.

Although the exact mechanisms underlying CMCC
are still being unraveled, advancements made in whole
genome sequencing techniques have been key to further-
ing our understanding of the pathophysiology as well
genetic causes of this disorder. Here, we review the

pathophysiology of Candida fungal infection as well as
genetic defects that have been identified to cause CMCC.

Candida infection in healthy and
immunocompromised individuals

Candida spp. are part of the commensal microflora
and often found on mucosal surfaces including the
mouth, intestine, vagina, and skin of healthy individ-
uals. These microorganisms contribute to the develop-
ment of the host immune system, however, can act as
opportunistic pathogens when there is microbial imbal-
ance, for example, due to immune suppression associ-
ated with antibiotic or steroid treatment. C. albicans is
among the most prevalent and well-studied micro-
organism identified in CMCC.

Most healthy women will experience transient vaginal
candidiasis at some point in their lifetime (Sobel 2007).
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In contrast, Candida infection in an immunocompro-
mised individual can cause severe systemic infection,
candidemia, which in turn can be fatal in a considerable
number of patients (Das et al. 2011). Almost all onco-
logic patients with neutropenia experience oropharyn-
geal candidiasis (Viscoli et al. 1999), and in patients
undergoing bone marrow transplantation, as many as
40% suffer systemic infections. Of these, 4% are infected
with Candida and the associated mortality rate may be
as high as 42% (Ortega et al. 2005).

Another risk factor for candidemia is prolonged
hospitalization; such is the case for patients in inten-
sive care (Das et al. 2011). Surgical procedures and
insertion of medical devices are also associated with
higher incidence of candidemia and is augmented by
the ability of Candida to create biofilms on medical
devices such as central vein catheters (Donlan and
Costerton 2002). Neonates with central catheters expe-
rience high rates of bloodstream infections, with
Candida being the third most common microbial
source (Chitnis et al. 2012).

It is important to note that in most patients with can-
didiasis, no single genetic cause can be found. Rather,
susceptibility to infection is due a combination of genetic
variants (polymorphisms) and environmental factors, as
mentioned above. In contrast, the underlying causes of
CMCC may be monogenic (Table 1), such as single gene
mutations in autoimmune regulator (AIRE), signal

transducer and activator of transcription-1 (STAT1)
and -3 (STAT3), or the result of polymorphisms in genes
encoding Dectin-1, NACHT LRR and PYD-containing
protein 3 (NLRP3), protein tyrosine phosphatase non-
receptor type-22 (PTPN22), and Toll-like receptors
(TLRs) which contribute to disease susceptibility
(Table 2). Candidiasis in these circumstances can be
a dominating, constitutive feature or an associated,
inconsistent sign.

Detection of Candida by immune cells

The cell membrane of Candida consists of 2 distinct
layers; an inner layer composed of polysaccharides such
as chitin, 1,3-beta-glucans and 1,6-beta-glucans, and an
outer layer structured mainly of proteins that are man-
nosylated with mannan side-chains. These components
serve as ligands for receptors of the innate immune sys-
tem, such as TLRs and C-type lectins (CLRs) that are
found on the surface of immune cells (Smeekens et al.
2013a).

Pattern recognition receptors are requisite for host
microbial recognition of Candida (Figure 1). Whereas
TLR2 recognizes phospholipo-mannans (Jouault et al.
2003), TLR4 recognizes O-linked mannans (Netea et al.
2006; Ferwerda et al. 2009). CLRs such as Dectin-2
recognize mannose residues (McGreal et al. 2006) while
Dectin-1 is activated by β-glucan (Brown and Gordon
2001; Rogers et al. 2005). Upon ligation, these receptors

Table 1: Monogenic defects associated chronic mucocutaneous candidiasis.

Gene Inheritance Phenotype and immune characteristics Reference

AIRE AD Autoantibodies to IL-17A/F and IL-22 Nagamine et al. 1997;
Meager et al. 2006;
Puel et al. 2010

CARD9 AR Reduced Th17 responses Glocker et al. 2009
STAT3 AD HIES, Absent Th17 cells Holland et al. 2007
TYK2 AR HIES, T cell defects Minegishi et al. 2006
DOCK8 AR HIES, T cell defects, Th17 polarization Engelhardt et al. 2009
STAT1 AD Reduced Th17 responses, IFN-γ

Gain-of-function mutations—isolated CMCC
CMCC IPEX-like (autoimmunity, recurrent infections)
Loss-of-function mutations—progressive combined immunodeficiency

van de Veerdonk et al. 2011;
Uzel et al. 2013; Sharfe
et al. 2014

CD25 AR Combined immunodeficiency, immune dysregulation. Sharfe et al. 1997
IL-17F AD CMCC Puel et al. 2011
IL-17RA AR CMCC and S. aureus infection Puel et al. 2011
IL-17RC AR Candidiasis (isolated) Ling et al. 2015
ACT1 AR Candidiasis (oral), recurrent blepharitis (S. aureus) Boisson et al. 2013
IL-12Rβ1 — Candidiasis, reduced IFN-γ Ouederni et al. 2014
RORC — Candidiasis and mycobacteria infections Okada et al. 2015

Note: AD, autosomal dominant; AR, autosomal recessive; CMCC, chronic mucocutaneous candidiasis; HIES, hyper IgE syndrome.
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Table 2: Susceptibility genes associated with chronic mucocutaneous candidiasis.

Gene Phenotype and immune characteristics References

Dectin-1 CMCC, reduced IL-1β and Th17 mediated responses Plantinga et al. 2009
MBL2 Recurrent vulvo-vaginal candidiasis Babula et al. 2003;

Giraldo et al. 2007
NLRP3 Recurrent vulvo-vaginal candidiasis, reduced IL-1β Lev-Sagie et al. 2009
TLR1 Reduced IL-1β, IL-6, IL-8 Plantinga et al. 2012
TLR2 Reduced IFN-γ, IL-8 Woehrle et al. 2008
TLR3 CMCC, bacterial, viral infections, autoimmunity

L412F variant showing reduced biological activity
Reduced IFN-γ, IL-6

Nahum et al. 2011, 2012

TLR4 Candidemia, elevated IL-10 Van der Graaf et al. 2006
PTPN22 Autoimmunity, CMCC Nahum et al. 2008
IL-4 Recurrent vulvo-vaginal candidiasis and systemic candidemia Babula et al. 2003;

Choi et al. 2003
IL-12β Candidemia bloodstream, reduced IFN-γ Johnson et al. 2012
IL-10 Candidemia bloodstream, elevated IL-10 levels Johnson et al. 2012

Figure 1: Overview of immune response elements involved in host defense against Candida albicans. Cell
wall components of C. albicans (such as mannans and β-glucan) are recognized by Toll-like receptors
(TLRs) and C-type lectins (CLRs) present on antigen presenting cells and T cells. Receptor-ligand
engagement initiates an inflammatory response through activation of several transduction pathways. The
adaptive immune response is triggered by Th1 to Th17 cell polarization, which in turn initiates secretion
cytokines such as IL-17 and IL-22 to recruit polymorphonuclear leukocytes (PMN) to the site of infection.
Defects in molecules associated with CMCC are marked in red.
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signal through different downstream adaptor molecules
and kinases, resulting in secretion of pro-inflammatory
cytokines. At the same time, host recognition of the
pathogen ensures phagocytosis and killing of the patho-
gen and presentation to other immune cells.

The prompt and correct recognition by these recep-
tors also define and shape the next phase of the immune
response by adaptive immune components (Akira et al.
2006). Recently, it was shown that exposure of Candida
to healthy individuals induces expression of type I
interferon (IFN) family cytokines, skewing the immune
response towards Th1 responses. This resulted in
a unique cytokine profile that was different from
that induced by bacterial pathogens (Smeekens et al.
2013b).

Th1 and Th17 cell-mediated responses are central for
controlling Candida infections. Their precise role was
elucidated through different genetic defects and autoim-
mune phenomenon resulting in reduced interleukin
(IL)-17F, IL-17A, and IL-22 activity alongside the
occurrence of fungal infections. The differentiation of
naïve T cells to Th17 cells is dependent upon a certain
cytokine milieu. Upon recognition of fungal cell wall
elements by pattern recognition receptors on activated
T cells and antigen presenting cells, cytokines such
as IL-1β, IL-6, IL-21, IL-23 and transforming growth
factor (TGF)-β are secreted. These lead to activation of
transcription factors STAT-1, STAT-3 and retinoic acid
orphan receptor-γt (RORγt), resulting in polarization to
Th17 cells which in turn exert their effects by secreting
IL-17A, IL-17F, IL-22 (Ivanov et al. 2006; Yang et al.
2007). These cytokines further induce secretion of
chemokines that attract neutrophils to sites of infection,
and act in concert with TNF-α and IL-22 to induce
anti-microbial peptide (AMP) from endothelial
cells (Iwakura et al. 2011; Hernández-Santos and
Gaffen 2012; McGeachy and McSorley 2012; Rutz
et al. 2013).

Together, these components are necessary to control
and overcome Candida infections. Aberration or
immune dysregulation during any of these steps is
thought to underlie CMCC.

Monogenic defects causing CMCC

Several monogenic defects are known to cause
CMCC. These are described in the next paragraphs.

Autoimmune regulator (AIRE) deficiency
Autoimmune polyendocrinopathy-candidiasis-

ectodermal dystrophy (APECED) associated CMCC
was the first to be described and deciphered genetically.
APECED is caused by mutations in the AIRE gene,
resulting in loss-of-function of the encoded AIRE tran-
scription factor (Nagamine et al. 1997; Björses et al.
1998). It is transmitted in an autosomal recessive man-
ner, and is found mainly in certain populations;
1:25 000 in Finns, 1:14 500 in Sardinians and 1:9000 in
Iranian Jews. While more than 50 mutations have been
described to date, the most common mutation is the
R257X variant identified in the Finnish population. It
is noteworthy, however, that the majority of patients
with CMCC outside of these ethnic groups do not carry
mutations in AIRE.

APECED is characterized by the classic triad of
chronic candidiasis (appearing in almost all patients),
adrenal failure which is present in 84% of patients,
and hypoparathyroidism which presents in 88% of
patients. Hypogonadism is also very common (mainly
ovarian failure, and to lesser extent male hypogonda-
sim). Such individuals may also present with other
endocrynopathies; hypothyroidism and diabetes
mellitus are found in as many as 1/3 of patients
(Perheentupa 2006). Skin is often involved and
appears dystrophic, and common skin manifestations
include vitiligo and alopecia, which is found in as
many as 30% of patients. Teeth enamel is also fre-
quently affected. Physicians should stay alert for
occurrence of keratoconjunctivitis which could lead
to blindness. Other less common manifestations are
chronic diarrhea as well as bouts of rash and fever
(Perheentupa 2006). Hepatitis, ranging from asympto-
matic elevated liver enzymes to severe necrotizing hep-
atitis, has been reported in 12 of 68 patients and
pernicious anemia in 13 of 68 patients (Ahonen
et al. 1990).

The AIRE transcription factor is responsible for regu-
lating the expression of autoantigen receptors on thymo-
cytes. During lymphocyte maturation in the thymus, the
random rearrangement of antigen-specific receptor genes
produces a vast and diverse repertoire of receptors, some
of which mistakenly recognize “self” as “non-self”. To
prevent autoimmunity, these cells undergo clonal
deletion, a process that is closely regulated by AIRE in
thymus medullary epithelial cells. Thus, T cells recogniz-
ing these antigens with high affinity are clonally deleted.
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AIRE deficiency resulting in loss-of-function thus allows
T cell expressing autoantigen receptors to expand to the
periphery and induce autoimmunity.

While the mechanisms underlying the autoimmune
phenomena and endocrinopathies associated with
CMCC could be explained by defects in AIRE itself,
the link between the IL-17 pathway and chronic candi-
diasis (which is frequently the presenting symptom
and almost invariably present) was only recently
elucidated.

The first clue came from reports of high titers of neu-
tralizing antibodies to type I IFNs (Meager et al. 2006).
In a study involving Finnish and Norwegian popula-
tions, almost all patients with APECED exhibited auto-
antibodies to IFN-α subtypes as well as IFN-ω. More
recently, neutralizing antibodies against IL-17A,
IL-17F, and IL-22 were also detected (Kisand et al.
2010; Puel et al. 2010). These cytokines are critical for
the inflammatory response against Candida, and the
presence of such autoantibodies likely explains candi-
diasis in these patients. Interestingly, susceptibility to
candidal infection may result from both abnormal
adaptive and innate immunity. Further studies are
needed to fully decipher the pathophysiology of AIRE
deficiency in CMCC, given the interaction of AIRE with
the beta-glucan receptor Dectin-1 pathway components
such as caspase recruitment domain-containing protein
9 (CARD9) and Syk (Pedroza et al. 2012). TNF-α pro-
duction following stimulation of the Dectin-1 pathway
is reduced in patients with AIRE deficiency. In addition,
it appears that organ involvement and severity of dis-
ease is also affected by genetic background and modify-
ing genes such as HLA (Betterle et al. 1998; Karvonen
et al. 2000).

Signal transducer and activator of
transcription-1 (STAT1) dysfunction
The signaling molecule STAT1 mediates cellular

responses following type I and type II IFN receptor liga-
tion, as well as IL-23 and IL-12 receptor engagement.
Monoallelic mutations in STAT1 have been identified
in patients with CMCC (van de Veerdonk et al. 2011),
although the clinical manifestations were limited to the
skin, nails, and mucous membranes, as well as increased
incidence of hypothyroidism. The reported STAT1
gain-of-function mutations occurred in the coiled-coil
domain, resulting in reduced production of IL-17,
IL-22, and IFNγ, thereby linking these defects with

aberrant Th17 cell activity. It was proposed that overex-
pression and activity of type I, type II, and type III IFNs
inhibited Th17 differentiation (Liu et al. 2011; Maródi
et al. 2012). However, this is in counter to recent find-
ings highlighting the central role of IFNs in the protec-
tive host response to Candida (Smeekens et al. 2013a).

We recently described a group of CMCC patients
with loss-of-function STAT1 mutations (Sharfe et al.
2014). These patients were phenotypically different
from previous reports, where alongside chronic candi-
diasis, individuals also suffered recurrent infections
with bacterial and viral pathogens (cytomegalovirus,
John Cunningham virus) as well as severe autoimmune
phenomena reminiscent of a combined immuno-
deficiency phenotype. Immunologic laboratory evalu-
ation revealed progressive loss of T and B cell function.

It is important to note that mutations in STAT1 have
been reported in several other phenotypically different
immunodeficiencies, such as the Mendelian susceptibil-
ity to mycobacterial diseases (MSMD) (Boisson-Dupuis
et al. 2012). A possible explanation for the diverse phe-
notypes include mutations which target different
regions of STAT1, thereby affecting other cellular func-
tions. Another explanation may be that defects in other
modifying genes are present, resulting in different
phenotypes.

Caspase recruitment domain-containing
protein 9 (CARD9) deficiency
Mutations in the signal transduction molecule

CARD9 have also been identified as a cause of CMCC.
CARD9 signals downstream of Dectin-1 as well as
Dectin-2 and Mincle (Gross et al. 2006; Robinson et al.
2009). The mode of inheritance appears to be autosomal
dominant, with the phenotype consisting mainly of
recurrent chronic candidiasis as well as systemic infec-
tions(Glocker et al. 2009; Lanternier et al. 2012).

Interleukin-17 pathway defects
Mutations in the cytokine IL-17F and cytokine recep-

tor IL-17RA causing CMCC have been reported, high-
lighting the role of the IL-17 pathway in mucocutaneous
immunity against Candida. One patient born to consan-
guineous parents presented with candida dermatitis, and
was found to have a homozygous mutation in IL-17RA
(Q248X) which was transmitted in an autosomal reces-
sive manner. The patient’s peripheral mononuclear cells
and fibroblasts lacked IL-17RA expression, resulting in
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absent responses to IL-17A/F (Puel et al. 2010). Levy and
colleagues later reported a case series of 21 patients with
IL-17RA mutations. While some had CMCC, others also
suffered recurrent bacterial infections (Lévy et al. 2016).
A separate kindred was reported to have a heterozygous
mutation in IL-17F, showing impaired cytokine secre-
tion (Puel et al. 2010). The inheritance was suggested
to be autosomal dominant, although there were other
asymptomatic family members with the same muta-
tion, indicating a model of incomplete penetrance.

Biallelic mutations in ACT1, an adaptor protein
downstream of the IL-17 receptor which activates
nuclear factor κB (NFκB), MAPK, and C/EBP path-
ways, has been reported in a kindred of 2 brothers
who presented with chronic oral candidiasis and
recurrent blepharitis with S. aureus (Boisson et al.
2013). Mutations in IL-17RC, another member of the
IL-17 pathway, resulted in IL-17RC deficiency in
3 unrelated kindreds involving an Argentinian and
2 Turkish patients. All had CMCC with no other infec-
tions, no autoimmune phenomena and a normal B and
T cell immune workup (Ling et al. 2015). This same
pathway is affected by biallelic mutations in RORC,
resulting in deficiency of IL-17 producing T cells as
well as defective INF-γ responses to mycobacteria.
These patients from 3 kindreds presented with suscep-
tibility to mycobacterial infections—this was fatal in
1 child with disseminated BCG infection. Most of
the patients also had chronic candidiasis (Okada
et al. 2015).

Signal transducer and activator of
transcription-3 (STAT3) dysfunction
Some monogenic diseases may feature CMCC as a

component of the clinical manifestations. In such cases,
CMCC is not a predominant feature and may not
always be present. Autosomal dominant hyper IgE syn-
drome (AD-HIES) has been shown to result in CMCC.
The main clinical features include eczema, recurrent
skin infections, cold abscesses, as well as recurrent
severe pneumonia with pneumatocele formation, which
is typical of S. aureus infections. Among these infec-
tions, persistent mucosal and skin candidiasis and other
fungal infections are often seen. Patients may also have
defects in bone formation resulting in skeletal defects,
as well as coarse facial features.

AD-HIES is caused by mutations in STAT3
(Holland et al. 2007; Minegishi et al. 2007), a signaling

molecule downstream of the IL-23 receptor. The
defect in STAT3 results in reduction in Th17 cell
numbers and absent IL-17 secretion (de Beaucoudrey
et al. 2008).

Dedicator of cytokinesis 8 (DOCK8)
deficiency
CMCC has been attributed to mutations in DOCK8,

a member of the DOCK180-related protein family
which is also involved in Th17 polarization
(Engelhardt et al. 2009). The autosomal recessive form
of HIES caused by defects in DOCK8 is phenotypically
different, with patients showing highly elevated levels
of IgE and eosinophilia. In this disorder, CMCC is
not one of the main features but, rather, part of the
severe combined immunodeficiency state with viral
and bacterial infections (Zhang et al. 2009). Patients
experience severe recurrent sinopulmonary infections,
recurrent viral infections especially of the skin (herpes
simplex, herpes zoster, molluscum contagiosum, and
human papilloma virus), alongside atopic disease such
as atopic dermatitis and food allergies. Hepatic disor-
ders and high incidence of neoplastic disease, vulvar,
facial, and anal squamous cell dysplasia and carcino-
mas, as well as T cell lymphoma-leukemia are also
common. The overall immunologic profile of these
patients, which include lymphopenia and reduced
lymphocyte proliferation, is typical of combined
immunodeficiency.

Tyrosine Kinase 2 (TYK2) deficiency
CMCC associated with HIES is caused by mutations

in TYK2 (Minegishi et al. 2006), which encodes for a
tyrosine kinase from the Janus kinase (JAK) family.
The patient reported had characteristic features of both
autosomal recessive HIES and atypical mycobacteriosis
and chronic candidiasis.

CD25 deficiency
CD25 (or IL-2Rα) deficiency causes a combined

immunodeficiency phenotype. Patients present with
severe chronic candidiasis, bacterial and viral infec-
tions, as well as autoimmune phenomena (Sharfe
et al. 1997). This autosomal recessive defect results in
severe reduction in T cell numbers, with B cells show-
ing normal development. Due to lack of regulatory
mechanisms and abnormal proliferation, these
patients experience lymphocytic infiltration of tissues,
lung, liver, bone and skin causing inflammation and
severe damage.
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Patients with CD25 deficiency suffer from chronic
candidiasis as well as invasive candidemia (Ouederni
et al. 2014). Several genetic variants were also associated
with CMCC, some with isolated candidiasis while
others as part of a complex syndrome.

Protein tyrosine phosphatase non-receptor
type-22 (PTPN22) mutations
Mutations in PTPN22, encoding Lyp, are associated

with wide variety of autoimmune diseases. In particular,
the R620W variant is found in significantly high preva-
lence in a group of CMCC patients (Nahum et al. 2008).
The substrates for Lyp phosphatase activity include Lck,
Fyn, Zap70 and the TCR zeta chain, and Lyp is also
known to interact with Csk, an Src negative regulatory
kinase. Whereas Lyp overexpression downregulates TCR
signaling, Lyp deficiency has been shown to enhance T cell
activation. The R620W variant is a gain-of-function
mutation, resulting in defects in central as well as periph-
eral tolerance (Gregorieff et al. 1998; Gjörloff-Wingren
et al. 1999; Vang et al. 2005), as seen in rheumatoid arthri-
tis, systemic lupus erythromatosis, and adrenal insuffi-
ciency (Bottini et al. 2004; Wu et al. 2005; Michou et al.
2007). While the underlying mechanism is not completely
understood, it may well be related to disruption of regula-
tory mechanisms which are known from other genetic
defects to promote colonization with Candida.

Susceptibility genes associated
with CMCC

Polymorphisms in genes that result in innate immune
related defects are also responsible or associated with
chronic candidiasis.

Such is the case of Dectin-1 single nucleotide polymor-
phisms (Ferwerda et al. 2009). Dectin-1 is an important
sensor of Candida, which recognizes the microbial cell
wall constituent β-glucan. The Y238X variant, found in
as much as 8% of European and 40% of sub-Saharan
African populations, has been suggested to confer sus-
ceptibility to mucosal candidiasis but not systemic candi-
demia (Rosentul et al. 2011). Reduced secretion of IL-1β
and attenuation of Th17 responses have been reported
for this variant (Plantinga et al. 2009).

Polymorphisms or variants in TLR receptors were also
reported as susceptibility genes for chronic candidiasis.
The TLR2 R753Q variant was shown in 1 study to be

associated with candidiasis through reduced IFN-γ and
IL-8 secretion (Woehrle et al. 2008). The TLR4 variants,
D299G and Y399I, have also been reported as risk factors
for invasive blood stream candidemia (Van der Graaf
et al. 2006). We have previously shown that a variant of
TLR3, L412F, confers susceptibility to CMCC (Nahum
et al. 2011). Responses to stimulation with Candida as well
as TLR3 ligands were significantly abrogated, resulting in
reduced secretion IFN-γ (Nahum et al. 2012).

Recently, polymorphisms in TLR1 were shown to con-
tribute to high risk of candidemia, likely through effects
on IL-8 and IFN-γ levels (Plantinga et al. 2012).
Recurrent vulvo-vaginal candidiasis is a common finding
in individuals with polymorphisms in the inflammasome
protein NLRP3 (Lev-Sagie et al. 2009), as well another
innate receptor gene, MBL2, which encodes for mannose
binding lectin (Babula et al. 2003; Giraldo et al. 2007).
Recent studies suggest an important role for the inflam-
masome product IL-1β in eliciting a proper T cell medi-
ated responses to Candida (Zielinski et al. 2012).

Chronic disseminated candidiasis has also been
reported in association with changes in IL-4 (Choi
et al. 2003), and persistent candidemia shown with
variants of IL-12b and IL-10 (Johnson et al. 2012).

Concluding remarks

Chronic candidiasis is a feature present in a broad range
of diseases, from isolated candidiasis involving skin and
mucous membrane, to syndromes encompassing severe
immunodeficiency and autoimmunity. A careful immune
workup is therefore necessary, and should include
thorough genetic and functional studies. Issues to consider
include different treatment modalities (as is the case for
STAT1 loss-of-function mutations, where bone marrow
transplantation may be of benefit but is complicated by
the many phenotypes associated with this gene) and the
possibility that prolonged and repeated courses of
anti-fungal treatment may result in microbial resistance.

It is important to note that although monogenic
immunodeficiency disorders are interesting and insightful
with regard to mechanisms of infection; in the vast major-
ity of Candida infections, the cause is multifactorial.
These include susceptibility genes found in large numbers
of the general population in combination with factors such
as altered local microbial flora (resulting from use of
antibiotics, immunomodulators, and chemotherapy).
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Together, these stress the need for improved under-
standing of the mechanisms underlying susceptibility
to Candida infection, which may pave the way for new
and innovative treatment strategies. Of equal impor-
tance is the implementation of large population-based
genetic studies combined with methods from the fields
of functional genomics and mathematical-biological
methods. Targeting future treatments towards key mol-
ecules may prove to be beneficial to a large number of
patients suffering from Candida infections such as those
with hematological malignancies and other immuno-
compromised patients.
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