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Abstract
Chronic mucocutaneous candidiasis (CMC) is characterized by a chronic or recurrent non-inva-
sive infection, mainly due to Candida albicans, in skin, nails, and mucous membranes, associ-
ated in some cases with autoimmune manifestations. The key immune defect is a disruption 
of the action of cytokine IL-17, whose most common genetic etiology is STAT1 gene gain-
of-function (GOF) mutations. The initial appropriate treatment for fungal infections is with 
azoles. However, the frequent occurrence of drug resistance is the main limitation. Therefore, 
identification of the underlying inborn error if immunity in CMC may allow to widen thera-
peutic options aimed at restoring immunological function. Type I and II Janus kinase-inhibi-
tors have been shown to control CMC in cases associated with STAT1 GOF. In this review, we 
delve into the pathogenesis of CMC and the underlying immune mechanisms. We describe the 
reported genetic defects in which CMC is the main manifestation. Diagnostic and therapeutic 
approaches for these patients are also offered.
© 2021 Codon Publications. Published by Codon Publications.
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In this review, we explore the pathogenesis of CMC and 
the underlying immunological mechanisms. We describe 
the identified PID with CMC as their main manifestation. 
Additionally, we highlight the recommended diagnostic and 
therapeutic approaches in patients diagnosed with CMC.

Immunity against Candida

Candida albicans is a polymorphic fungus found in the 
digestive tract and other mucous surfaces of the body such 
as the oral cavity and the vagina. It is considered a nor-
mal component of the microbiota, but disturbances in the 
local environment can lead to superficial mucosal infec-
tions, mainly in the oral cavity and the vagina. There is a 
complex and dynamic relationship between Candida albi-
cans and the host whose balance is highly influenced by the 
effectiveness of the host’s immune response.6

The immune response to Candida infections is made 
up of several mechanisms, including mucocutaneous pro-
tective barriers, innate immunity, and adaptive immunity. 
Regarding innate immunity, macrophages, neutrophils, 
and dendritic cells recognize the fungus through pattern 
recognition receptors (PRRs), such as the Dectin-1 recep-
tor and Toll-like receptors (TLR). TLR4, mannose receptor, 
and beta-glucan receptor complex Dectin 1/TLR2 recognize 
mannans, which are the main components of the Candida 
cell wall.7 Altogether, these receptors participate in the 
stimulation of cytokine production. Dectin-1 increases the 
production of TLR2 and TLR4-induced cytokines, such as 
tumor necrosis factor (TNF). In mouse models, the absence 

Introduction

Chronic mucocutaneous candidiasis (CMC) shows a hetero-
geneous clinical phenotype with common characteristics, 
including chronic non-invasive infection mainly by Candida 
albicans, and, less frequently, by C. glabrata, C. tropicalis, 
and other species such as dermatophyte fungi on the skin, 
nails, and mucous membranes.1 The first clinical evidence 
is usually a persistent thrush characterized by one or more 
white pseudomembranes covering the tongue, soft palate, 
and buccal mucosa. When these pseudomembranes detach, 
the reddened, eroded area left exposed may spread and 
make swallowing difficult. Subsequently, alterations of the 
coloration, onycholysis, and dystrophy of the nails are seen 
(Figure 1), mainly affecting the proximal part and the lat-
eral edges or the free edge, depending on whether it is 
Candida or dermatophytes, respectively. In addition, skin, 
hair, and mucosa are usually affected.

Chronic mucocutaneous candidiasis can occur in isola-
tion,2 or associated with bacterial and viral infections, or 
with autoimmune diseases like endocrinopathies, autoim-
mune cytopenias, and rheumatoid arthritis, but to a lesser 
degree. In terms of the evolution of the condition, chronic 
local inflammation caused by persistent or recurrent Candida 
infection may predispose to the development of neoplasia 
(squamous cell carcinoma) mainly affecting the esophagus 
and the mouth. Rarely, cerebral vasculitis can also occur.3

The first genetic cause of isolated CMC was reported 
in 2011.4 In fact, isolated CMC can be caused by congenital 
inborn errors of immunity, thus being included in the pri-
mary immunodeficiencies (PID) classification.5

Figure 1  Chronic mucocutaneous candidiasis in a patient with 
autoimmune regulator (AIRE) gene mutation. (A) Onychomycosis 
and chronic cutaneous candidiasis in fingers and back of the 
right hand. (B) Candidiasic onychopathy and ringworm of the 
right foot. (C) Ringworm corporis secondary to Trichophyton 
rubrum infection in the right arm.

Figure 2 Immune response against Candida. When C. albicans 
enters the body, it is recognized by innate cells (phagocytes 
and dendritic cells) through Dectin-1 receptor and Toll-like 
receptor 2 (TLR2). Upon recognition, these cells produce 
signals promoting pre-immune CD4+ T lymphocyte (naive) 
polarization to effector subgroups: Th17 (mainly, IL-17 and 
IL-22 production) and Th1 (IFN-γ production). The latter, in 
turn, retro-activate cells for innate immunity. LC: Langerhans 
cell; DC: dendritic cell.
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of these receptors leads to greater susceptibility to C. albi-
cans and Pneumocystis jirovecii infections.8 After initial 
recognition, the adaptive immune response mediated by 
T helper 17 (Th17) and Th1 T cells is activated, and the 
continuous retro-activation between innate and adaptive 
immunity guarantees the complete destruction of the fun-
gus6 (Figure 2).

IL-17 plays a central role in antifungal defense. It induces 
the recruitment of neutrophils to the inflammation site and 
increases the levels of defensins produced by keratinocytes 
to control the overgrowth of fungi like Candida.9.10 The IL-17 
cytokine family consists of six members (IL-17A, IL-17B, 
IL-17C, IL-17D, IL-17E, IL-17F) and the IL-17 receptor family 
consists of five members (IL-17RA, IL-17RB, IL-17RC, IL-17RD, 
IL-17RE). IL-17A and IL-17RA are the original members of the 
cytokine and receptor families, respectively, and are thus 
commonly known as IL-17 and IL-17R. IL-17A and IL-17F are 
produced by Th17 cells. The IL-17 family receptors can form 
homodimers or heterodimers, and each combination rec-
ognizes a type of IL-17 cytokine. For example, the receptor 
complex formed by IL-17RA/C recognizes IL-17A and IL-17F, 
while the complex formed by IL-17RA/B recognizes IL-17E. 
In each case, signaling activates the recruitment of nuclear 
factor kappa-beta activator 1 (ACT1) as an adapter mole-
cule for subsequent intracellular signaling. The disruption 

of any element in this complex network can cause poor 
control of Candida growth. Individuals with an impaired 
immune response to Candida rarely develop the invasive 
fungal disease, as other elements of the immune response, 
such as phagocytosis, remain intact.1

Immune abnormalities underlying CMC

A common feature of CMC patients is in vitro anergy of 
T lymphocytes when stimulated with Candida antigens. A 
reduction in the role of IL-17 as the central immune axis 
has been described in CMC.11 This IL-17 defect may be 
due to several causes: (1) an overall defect in lymphocyte 
function (patients with congenital or acquired disorders 
of T lymphocytes develop CMC within a broader infec-
tious spectrum); (2) a selective defect in Th17 lympho-
cytes; or (3) a defect in the synthesis or signaling of IL-17. 
When these defects are congenital, they are included in 
the so-called PID (Table 1), a group of genetic diseases 
in which there is a quantitative and/or functional alter-
ation of different mechanisms involved in the immune 
response. Although most cases of genetically based CMC 
show an early onset, debuts have also been reported in 
adult patients.

Table 1  Genetic defects associated with CMC, main related clinical manifestations, and key immunological findings.*

Disease (OMIM) Gene
Inheritance 
pattern

CMC frequency 
(%) Associated clinical features Key immune defect References

HIES STAT3 AD 83% Rash or pustules, pneumonia, 
facial and dental 
abnormalities, scoliosis, joint 
hyperextensibility

Decreased IL-17 
producing T cells

12, 13,  
14, 15

HIES ZNF341 AR - Mild dental and facial 
abnormalities, eczema, 
bacterial skin and respiratory 
infections, hyperextensibility 
of joints, bone fractures

Decreased IL-17 
producing T cells

5, 18

STAT1 GOF STAT1 AD 98% Isolated CMC (and cutaneous 
and esophageal carcinomas) 
or may associate bacterial, 
viral infections, autoimmune 
diseases, CNS aneurysms.

Impaired Th17 cell 
development

4, 24, 25, 
26, 7

APS-1 AIRE AR 70-98% Hypoparathyroidism, primary 
adrenal insufficiency

Neutralizing anti- 
IL-17A, IL-17F, IL-22 
antibodies

9, 8, 10,  
4, 11

IL-17F deficiency IL-17F AD 70% Isolated CMC Impaired IL-17 
signaling

17

IL-17RA deficiency IL-17RA AR 100% Recurrent staphylococcal 
infections

Impaired IL-17 
signaling

7

IL-17RC deficiency IL-17RC AR 100% Isolated CMC Impaired IL-17 
signaling

16

ACT1 deficiency ACT1 AR 100% Superficial staphylococcal 
infections

17, 18

*In the phenotypic classification of PID in 20205 there are other entities with CMC amongst their manifestations, but the objective of 
this review is to expose those with CMC as the main feature; therefore, CARD9 deficiency, BCL10 deficiency, RORγT deficiency as well 
as DOCK8 deficiency and Vici Syndrome have not been included.
APS-1: autoimmune polyglandular syndrome type 1; HIES: hyperimmunoglobulinemia E syndrome; ACT1: nuclear factor kappa-beta 
activator 1; GOF: gain of function; AD: autosomal dominant; AR: autosomal recessive.
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organisms can be impaired.17 Decreased Th17 cytokine 
production as well as decreased neutrophil chemotaxis is 
observed.15

Loss-of-function mutations in the ZNF341 gene

Patients with a recessive form of HIES due to loss-of-func-
tion mutations in the ZNF341 gene have been reported.

ZNF341 is a transcription factor that is constitutively 
expressed in the nucleus, where it is required for induc-
ible STAT3 transcription. ZNF341 deficiency prevents the 
induction of STAT3 transcription by STAT3 activating cyto-
kines, leading to decreased STAT3 phosphorylation and 
transcriptional activity. Similar to patients with AD STAT3 
mutations, patients with ZNF341 deficiency lack Th17 cells, 
show Th2 polarization, and have decreased memory B 
cells.18 Clinically, they have a HIES-like phenotype with mild 
facial dysmorphia, early-onset eczema, CMC, recurrent 
bacterial skin and respiratory infections, joint hyperexten-
sibility, bone fractures, and retention of primary teeth.5

STAT1 gene mutation with gain-of-function

STAT1 is involved in both the innate and adaptive immune 
responses to fungi, viruses, and bacteria. It can be acti-
vated by various ligands such as IFN-α, IFN-γ, epidermal 
growth factor, platelet-derived growth factor, and IL-6. 
Gain-of-function (GOF) mutations in the STAT1 gene (OMIM 
614162) can occur in the spiral binding domain (62%) and 
in the DNA binding domain (35%),; also, in the transactiva-
tion domain, the N-terminal domain, and the Src 2 domain 
(SH2).3 These mutations lead to an increase in phosphory-
lation, and in some cases also to altered dephosphoryla-
tion with the consequent accumulation of phosphorylated 
STAT1 molecules in the nucleus. For this reason, there is an 
increase in STAT1-dependent cytokines, such as IL-6, IFN-
α and β, IFN-γ, and IL-27; this last cytokine is an inhibi-
tor of IL-17, which conditions a decrease in Th17 responses 
and IL-17 and IL-22. There is no clear correlation between 
the location of the mutation and the severity of clinical 
symptoms, but the results are contradictory.19,20 However, 
Leiding et al.21 reported that mutations in the DNA binding 
domain are associated with a severe clinical course.

Since GOF STAT1 mutations were identified as being 
responsible for CMC-associated molecular pathogenesis, 
approximately 350 patients with these mutations have 
been described. Indeed, it is widely considered to be 
the most common genetic etiology of CMC, without eth-
nic or age restrictions. These patients have a decrease in 
IL-17- producing T lymphocytes, which are essential in the 
defense against Candida.3

Patients can also develop other fungal infections 
(Pneumocystis jiroveci, Aspergillus spp, and Cryptococcus neo-
formans) in the context of CMC. Bacterial infections, mainly 
those of a sinopulmonary nature caused by Streptococcus 
pneumoniae, Pseudomonas aeruginosa, Haemophilus influ-
enza, and Staphylococcus aureus, are associated as well. 
Staphylococcus aureus-related folliculitis is common in these 
patients, in addition to mycobacterial infections mainly 
owing to Mycobacterium tuberculosis. Viral infections with 

Next, we will focus on PID with CMC as the predom-
inant clinical manifestations, which are those selectively 
affecting Th17 lymphocyte function and/or IL-17 signaling. 
These include deficiency of AIRE gene, GOF mutations in 
signal transducer and activator of transcription 1 (STAT1) 
gene, mutations in STAT3 and ZNF341 genes, and, less fre-
quently, IL17RA and IL17RC mutations, IL-17F deficiency and 
kappa-beta nuclear factor activator 1 (ACT1) deficiency 
have also been described.12 Global T lymphocyte defects 
are beyond the scope of this review.

Primary immunodeficiencies causing a 
predominant Th17 lymphocyte defect

Loss-of-function mutation in STAT3 gene

Loss-of-function mutation in STAT3 gene is the genetic 
cause of 60–70% of cases of autosomal dominant (AD) 
hyperimmunoglobulinemia E syndrome (HIES), OMIM 
147060. STAT3 participates in wound healing, angiogene-
sis, and immunity processes, with an important role in sig-
nal transduction of diverse interleukins such as IL-6, IL-10, 
IL-17, IL-22, IL-23, and IL-27.

Hyperimmunoglobulinemia E syndrome AD syndrome 
is a complex PID characterized by elevated serum IgE lev-
els, rash/dermatitis, and recurrent bacterial and/or fungal 
infections of the skin and respiratory tract.13 This syndrome 
was first described as Job Syndrome in 1966, due to the 
presence of recurrent staphylococcal abscesses. Affected 
patients characteristically have a reduction in the number 
of Th17 cells owing to the loss-of-function STAT3 gene muta-
tion. This is associated with IL-6, IL-17, and IL-22 defects, 
and, therefore, subsequent great susceptibility to fungal 
infections.14

Chronic mucocutaneous candidiasis is observed in 
up to 83% of HIES AD syndrome-affected patients, with 
Candida infections in the oral, cutaneous, genital, and nail 
regions.15

Rashes and pustules are early manifestations during 
childhood, generally appearing in the first months of 
life. Another hallmark of the disease is co-infection with 
Streptococcus pneumoniae, Haemophilus influenza, and 
Staphylococcus aureus, leading to pneumonia, which can 
be complicated by bronchiectasis and pneumatocele.

Some characteristic facial features such as rough skin, 
facial asymmetry, prominent forehead, sunken eyes, broad 
nasal bridge, and mild prognathism have been reported 
as emerging with age. Abnormalities in dentition with 
prolonged retention of the primary teeth are a constant 
feature. In addition, scoliosis, osteoporosis, and hyper-
extensibility of the joints may be observed. An increased 
risk of autoimmune diseases (systemic lupus erythemato-
sus) and lymphoproliferative diseases (non-Hodgkin’s lym-
phoma) has also been described.16

The clearest diagnostic feature is an increase in serum 
IgE concentration with normal IgG, IgA, and IgM. However, 
a normal level of IgE does not always rule out the diagno-
sis of HIES, depending on the age of the patient, since IgE 
levels decrease or even normalize during adulthood in this 
condition.13 Specific antibody responses to encapsulated 
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heterozygous mutation in the IL-17F gene, suggesting an AD 
pattern of inheritance.4

AIRE gene deficiency

Autoimmune regulator was firstly described in 1994. It is 
located on the long arm of chromosome 21 and encodes a 
protein that is expressed in stromal cells of lymphoid tis-
sues, including thymic epithelial cells, and it regulates the 
transcription of restricted antigens to certain tissues. It is 
responsible for central immune tolerance.27 AIRE disruption 
leads to Type I autoimmune polyglandular syndrome (APS-
1), also known as ectodermal dystrophy–candidiasis-au-
toimmune polyendocrinopathy (APECED; OMIM 240300). 
When there is a defect in AIRE gene, the central tolerance 
mechanisms fail and self-reactive B cells that generate 
autoantibodies are released into the periphery. These auto-
antibodies are directed mostly against endocrine glands 
but also against IL-17F and IL-17A, blocking their function.28

Type I autoimmune polyglandular syndrome is a rare 
disease with autosomal recessive inheritance (RA), and 
with an estimated prevalence of approximately 1:100,000, 
except in Finland (1:25,000), Sardinia (1:14,000), and among 
Persian Jews in Israel (1:9000).27 Typically, it is charac-
terized by the development during the childhood of the 
three following cardinal symptoms: CMC, hypoparathy-
roidism, and primary adrenal insufficiency (Addison’s dis-
ease). Recently, other symptoms have been described that 
may occasionally debut early such as enamel hypoplasia, 
enteropathy with chronic diarrhea or constipation, primary 
ovarian failure, bilateral keratitis, and periodic fever with 
rash, in addition to autoimmune manifestations such as hep-
atitis, pneumonitis, nephritis, exocrine pancreatitis, and 
functional asplenia. These findings should lead the clinician 
to suspect this entity, mainly in young people.29 Some anti-
body markers of this disease have been described. Those 
directed against NALP5 (NACHT leucine-rich-repeat protein 
5), expressed in parathyroids, are present only in patients 
with APS-1 with hypoparathyroidism. Anti-type 1 IFN (IFN-α 
and IFN-β) antibodies are present in all patients with this 
entity, although they are not specific since they have been 
observed in myasthenia gravis with thymoma as well as in 
patients with mutations in the RAG gene. Diagnosis of APS-1 
requires the presence of at least two of the cardinal symp-
toms (CMC, hypoparathyroidism, and primary adrenal insuf-
ficiency), or only one if a brother has been diagnosed with 
this disease or in the presence of anti-IFN type I antibodies, 
plus at least, one of the following clinical presentations: 
CMC, hypoparathyroidism, primary adrenal insufficiency, 
primary ovarian failure (patients younger than 30 years of 
age), enamel hypoplasia, periodic rash fever, non-infec-
tious keratitis, and autoimmune hepatitis. All these forms 
of the presentation should be confirmed with the presence 
of known pathogenic mutations in AIRE.27,30

Primary immunodeficiencies that cause a 
defect in IL-17 signaling

Mutations in the following three genes have been identified 
in primary immunodeficiencies caused by a defect in IL-17 

Herpes simplex virus (HSV), Varicella Zoster virus (VZV), 
Cytomegalovirus (CMV), Epstein-Barr virus (EBV), and human 
Papilloma virus (HPV) have also been described.3,22

Autoimmunity clinical features can develop. Hypo- and 
hyperthyroidism are the most frequent autoimmune mani-
festations, followed by type 1 diabetes mellitus (DM), vit-
iligo, alopecia, psoriasis, lupus erythematosus, pernicious 
anemia, celiac disease, autoimmune hepatitis, and inflam-
matory bowel disease. This association with autoimmunity 
could be explained by the strong IFN-α and IFN-β signaling, 
as observed in patients treated with recombinant IFN-α 
and IFN-β and in patients with interferonopathies.3

A small fraction of patients, up to 6% according to the 
review by Toubiana et al.,3 may develop both cerebral and 
extracerebral aneurysms. In a group of 274 patients, 17 
developed aneurysms (14 cerebral, three extracerebral) 
and five died from a cerebral hemorrhage, all between the 
ages of 4 and 34. Cerebral aneurysms are more frequent in 
patients withautoimmunity manifestations, especially type 
I DM. Abnormalities in connective tissue, alteration of IL-17 
immunity, and cerebral or infectious autoimmune vasculitis 
are the pathogenic mechanisms that explain the formation 
of aneurysms. One aspect to keep in mind is that brain 
aneurysms have not been reported in other CMC-causing 
mutations, except for STAT3 gene deficiency.7

From the immunological perspective, an increase 
in STAT1-dependent cytokines is observed. There is an 
increase in IL-6, IFN α and β, IFN γ, and IL-27. IL-27 is an 
IL-17 inhibitor, and it decreases IL-17 and IL-22 levels. This 
STAT1 genetic defect leads to increased Th1 responses and 
decreased Th17 responses.23 Also, the decrease in memory 
B lymphocytes and IgG 2 and 4 subtypes, CD4+ and CD19+ 
cells can be observed, as well as dysregulation of follicular 
Th lymphocytes and an increase in PD- L1.24

More recently, Tabellini et al.25 demonstrated that NK 
cells in these patients release fewer IFN-γ in response 
to IL-15 and proliferate less than controls in response to 
IL-2 or IL-15. They also have decreased cytolytic activ-
ity, thus offering a possible explanation for why patients 
with GOF STAT1 mutations have difficulty with viral infec-
tions, including HSV, VZV, CMV, and HPV. Likewise, Vargas-
Hernández et al.26 observed that GOF STAT1 mutation is 
associated with deterioration in the maturation of NK cells, 
a decrease in perforin expression, and a decrease in cyto-
lytic function. Interestingly, these effects can be partially 
reversed in vitro and in vivo with Ruxolitinib treatment. 
Furthermore, as with other immunodeficiencies involving 
CMC, patients showed lower production of IL-17 by T cells 
after ex vivo stimulation with PMA-Ionomycin or Candida.

The prognosis of patients with GOF STAT1 gene muta-
tions is poor, mainly due to recurrent infections, but also to 
aneurysms, malignancies, and autoimmune manifestations.

Primary immunodeficiencies that cause an 
IL-17 defect

IL-17F deficiency

Mucosal candidiasis has been reported in several members 
of a family in Argentina. Affected individuals carried a 
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signaling: IL-17RA, IL-17RC, and TRAF3IP2 (encoding ACT1 
protein). These genes are related to IL-17RA/C-mediated 
signaling and induced by IL-17A and IL-17F. Similarly, IL-17RA 
and TRAF3IP2 mutations also affect IL-17RA/B-mediated 
signaling induced by IL-17E.

Autosomal recessive mutation in the IL-17A recep-
tor (IL17RA)

This mutation generates a deficiency in IL17RA, which 
was first reported as the genetic etiology of CMC in 2011. 
Originally called CANDF5, this condition is now known as 
immunodeficiency 51.12 Most of the described patients 
present CMC before 6 months of age and suffer recurrent 
staphylococcal infections.

IL-17 C receptor deficiency (IL17RC)

Some patients of Turkish descent have been reported with 
homozygous mutations in IL17RC. They presented an ear-
ly-onset oral candidiasis.31

Deficiency of activator 1 of nuclear factor kap-
pa-beta (ACT1)

Autosomal recessive mutations have been found in the 
ACT1 gene. In addition to CMC, these patients show an 
additional predisposition to superficial staphylococcal 
infections, including dermatitis and blepharitis.4,23

Diagnostic approach to patients with CMC

A diagnosis of CMC should be considered in patients with 
fungal infections, mainly by Candida or dermatophytes 

(infection confirmation by culture), which may be chronic 
(duration of candidiasis greater than 6 months) or recur-
rent, and involving nails, skin, and mucous membranes as 
the main infectious presentation.32 Previously, secondary 
causes such as prolonged use of antibiotics, systemic ste-
roids (≥10 mg/day or less when other immunosuppressive 
drugs or co-morbidities like DM are present), or inhaled 
immunosuppressive drugs must be ruled out, along with 
DM or HIV infection. Once a clinical and microbiological 
diagnosis of CMC has been confirmed, immunological and 
genetic studies should be carried out to identify the under-
lying PID.

Immunological studies traditionally include quantifica-
tion of lymphocyte populations (T, B, NK cells), prolifera-
tion of T lymphocytes against mitogens, and lymphocyte 
subpopulation analysis of T and B cells, including a Th1/
Th2/Th17, together with the determination of total and 
subclasses of IgG, IgA, IgM, and IgE, and vaccine response 
against polysaccharide antigens in patients with associated 
bacterial infections.30 Th17 lymphocyte studies are usually 
only performed in reference centers.

Following the immunological studies, we also recom-
mend conducting genetic studies for CMC associated muta-
tions. These genetic studies can include all CMC associated 
described PID genes by using gene panels (especially in 
forms of CMC with other PID warning signs33 and Table 1), 
or be directed specifically to STAT1 gene sequencing. The 
latter could be recommended in cases of isolated CMC and 
a reduction of Th17 cells (according to age-reference val-
ues)34; in these cases, performing a STAT1 phosphorylation/
dephosphorylation assay (Figure 3) prior to genetic studies 
may help evidence the STAT1 gain of function to be con-
firmed by STAT1 Sanger sequencing. Moreover, STAT1 phos-
phorylation/dephosphorylation assay should be used to 
assess the functional impact of an identified STAT1 muta-
tion to confirm the gain of function. A proposed diagnostic 
algorithm is exposed in Figure 4.

Figure 3  Example of STAT1 phosphorylation and dephosphorylation in a healthy control and a STAT1-GOF patient. STAT1 
phosphorylation after IFN-γ stimulation in the presence or absence of staurosporine, a kinase inhibitor, in circulating monocytes is 
increased in STAT1-GOF patients in comparison with healthy controls, and dephosphorylation is also affected.
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Figure 4  CMC diagnostic evaluation. Secondary causes such as HIV, antibiotics, corticosteroids or other immunosuppressive 
drugs, and diabetes mellitus should be ruled out in patients with chronic or recurrent infections with Candida or dermatophytes. 
In the absence of these causes, immunological studies and subsequent genetic studies in the search for primary causes of CMC 
(PID) are indicated. *PID warning signs: Table 1.33 **Th17 lymphocyte studies are usually only performed in reference centers and 
should be correlated to age-matched reference values.34 ***If STAT1 phosphorylation/dephosphorylation assay is not available 
(only in reference centers), may proceed to STAT1 sequencing.

Immunological targets in  
the treatment of CMC

The treatment of CMC is initially based on azoles, with flu-
conazole as a reference drug. In the case of fluconazole 
resistance, itrazonazole, voriconazole, or posaconazole can 
be used depending on the fungigram results. Resistance to 
at least one azole agent is common in CMC patients.35 It 
is important to monitor liver enzymes in patients who are 
treated with these drugs because of the possibility of hep-
atotoxicity. In refractory cases with diagnosed patients, 
amphotericin B or echinocandins can be used.36 In acute 
recurrent infections, preventive or suppressive treatment 
should be considered to avoid re-infections.

Patients with a STAT1 GOF mutation represent up to 
50% of CMC cases, and treatments targeting immunological 
pathways can be effective. These include:

1)	 Deacetylated histone inhibitors, which counteract STAT1 
hyperphosphorylation, allowing STAT1 molecules to 
leave the nucleus and restore their normal function. In 
addition, these inhibitors activate the STAT3 pathway, 
increasing Th17 responses.37

2)	 Type I and II Janus kinase inhibitors such as ruxolitinib 
and baricitinib. Treatment with ruxolitinib has been 

shown to decrease STAT1 hyperphosphorylation, nor-
malize the differentiation of follicular Th1, and enhance 
the development, in vitro and in vivo, of Th17 cells.9,10 
This can determine the resolution of CMC and autoim-
mune manifestations in some cases. Also, it partially 
restores the expression of perforin and the cytotoxic 
function of NK cells.25,26.
Ruxolitinib is currently approved for the treatment of 
adults suffering from myelofibrosis and polycythemia 
vera.38 In a recently published study by Bloomfield et al.,39 
ruxolitinib treatment was started in a 12-year-old child 
carrying a new STAT1 GOF mutation with treatment-
resistant oral thrush, recurrent onychomycosis, and 
bacterial infections. Prior to ruxolitinib treatment, this 
patient had decreased levels of Th17 cells, Tregs, mem-
ory B lymphocytes, and IgG subtypes 2 and 4. Ruxolitinib 
decreased STAT1 phosphorylation levels and a clinical 
improvement was observed. This patient discontinued 
the aforementioned treatment for non-medical reasons, 
with subsequent recurrence of symptoms and increased 
STAT1 phosphorylation levels. After reintroducing the 
drug, CMC improvement and decreased STAT1 phosphor-
ylation were again reported. In addition, an increase in 
CD4+, CD8+, and IgG2 was observed. There was also a 
decrease in IFN-γ, but no changes were observed in Th17 
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Conclusions

Clinical phenotypes of patients with CMC can be extremely 
varied, ranging from cases with isolated mucocutaneous 
fungal involvement to others with viral and bacterial infec-
tions in addition to autoimmune manifestations. In all of 
them, IL-17 plays a pivotal role.

Even though the majority of cases show a childhood 
onset, many are not diagnosed until adulthood. Therefore, 
a range of specialists could face this entity, which should 
be suspected and appropriately treated.

In patients with CMC, ruling out different forms of 
related PID that may underlie the condition is crucial. 
Targeted treatment can be established if a causal muta-
tion is identified, and genetic counseling and prevention of 
long-term complications may be undertaken. The STAT 1 
GOF mutation is the most common genetic CMC etiology 
and for carriers, JAK 1/2 inhibitors are therapeutic options 
to consider, mainly in cases of azole-refractory Candida 
infections and autoimmunity.
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