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[Abstract] Chronic mucocutaneous candidiasis (CMC) is an infectious phenotype characterized by recurrent or per-
sistent infections caused by Candida species that affect the skin, nails, oral, and genital mucosae for a duration exceed-
ing six months. Current research suggests that CMC is an immunodeficiency disease with a complex pathogenesis. Pa-
tients with CMC have various defects in nonspecific and/or specific immunity against Candida infection, resulting in the
inability of patients to defend themselves against Candida infection. CMC can be stratified into primary CMC and sec-

ondary CMC based on etiology. Primary CMC is often associated with genetic mutations leading to immunodeficiencies
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in T helper cell 17 and interleukin-17, whereas secondary CMC is frequently linked to factors such as human immuno-
deficiency virus infection, diabetes mellitus, and immunosuppressive therapy. Primary CMC typically manifests as Can-
dida infections, with distinct genetic mutations often correlating to varied concomitant symptoms. Secondary CMC may
present with not only superficial mucosal Candida infections and manifestations of the underlying primary disease but
also with invasive fungal infections. Diagnosing CMC requires an integration of medical history and clinical presenta-
tion, supplemented by the outcomes of auxiliary diagnostic procedures, including microscopic examination of fungal
smear, fungal culture, immunological testing, and genetic sequencing and analysis. Furthermore, confirming primary
CMC requires exclusion of the aforementioned secondary factors. At present, antifungal drugs such as triazoles, echino-
candins, and polyenes are the main treatment for CMC. Moreover, immunotherapy with biologics such as Janus kinase
(JAK) inhibitors provides more options for the clinical treatment of patients with CMC. Gene therapy also has potential

clinical application value. In this review, we discuss the etiologies, pathogenesis, clinical manifestations, diagnosis, and

treatments of CMC, aiming to provide a reference for the clinical diagnosis and treatment of CMC.
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a-b: oral mucosal lesionsin patients with chronic mucocutaneous candidiasis ; recurrent acute pseudomembranous Candida stomatitis, character-

ized by white or gray pseudomembranous lesions on the tongue and cheeks; c-d: cutaneous lesions in patients with chronic mucocutaneous candi-

diasis, skin erythema, papules, pustules, erosions, granulomas, desquamation, and scale like lesions

Figure 1 Examples of oral mucosal and cutaneous lesions in patients with chronic mucocutaneous candidiasis
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Table 1  Etiology, immunologic abnormalities and clinical manifestations of primary chronic mucocutaneous candidiasis
Type of  Involved
Inheritance Underlying immune mechanism Characteristic References
CMC gene
Syndromic  STAT1 AD Defective differentiation of Th17 cells Multiple infections (bacteria, vi- [29, 30]
CMC ruses, mycobacteria, and/or inva-
sive fungi), autoimmune diseases,
aneurysms, and tumors
STAT3  AD Impaired differentiation of Th17 cells, decreased levels of 1L-17 HIES, presenting as characteris-  [31]
tic facial appearance, pneumato-
cele formation, fracture due to
minor external force (pathological
fracture), osteoporosis, scoliosis,
DOCKS AR Impaired differentiation of Th17 cells joint hyperextension, delayed loss  [32]
ZNF341 AR Impaired differentiation of Th17 cells of deciduous tooth [33, 34]
AIRE AR Neutralizing autoantibodies specifically counteract Th17 cyto- APECED , hypoparathyroidism [35-37]
kines, with decreased levels of 1L-17F and IL-22 and Addison’s disease, along with
potential endocrine complications
(such as hypothyroidism, hypogo-
nadism, and type 1 diabetes melli-
tus ) and non—endocrine systemic
complications(such as autoim-
mune hepatitis, autoimmune gas-
tritis, and asplenia)
RORC AR Decreased levels of IFN-v, IL-17A/F produced by T cells MSMD, presenting as susceptible  [38, 39]
ILI2RBI AR Decreased levels of IFN-vy and IL-17 produced by T and NK cells  to weakly virulent mycobacteria [40, 41]
ILI12B AR Decreased levels of IFN-vy and IL-17 produced by T and NK cells and salmonellosis [40-42]
CARD9 AR Impaired Th17 cell response, decreased 11.-17 levels Superficial fungal infections and ~ [43]
invasive fungal infections
MAPKS AD Impaired Th17 cell development, diminished cellular response Connective tissue disease [44]
tolL-17RA/IL-17RC, and impaired IL-17A/F immunity
Isolated IL-17RA AR Suppression of IL-17RA or IL-17RC expression and absence of Recurrent respiratory tract infec-  [45]
CMC cellular responses to IL-17A and IL-17F homo- or heterodimers tions, recurrent staphylococcal
skin infections
IL-17RC AR Suppression of IL-17RA or IL-17RC expression and absence of Usually without clinical signs and  [7]
cellular responses to IL-17A and 1L-17F homo- or heterodimers symptoms other than Candida in-
fection of the skin, nails, oral and
genital mucosa
ACTI AR Impaired interaction of ACT1 and IL-17 receptors and impaired Recurrent staphylococcal skin in-  [46, 47]
cellular response to IL-17A/IL-17F fections
IL-17F  AD Decreased IL-17F and receptor binding function, decreased bio- Usually without clinical signs and  [28, 48]

logical function of IL-17F homodimer and IL-17A/F heterodimer

symptoms other than Candida in-
fection of the skin, nails, oral and

genital mucosa

CMC: chronic mucocutaneous candidiasis; AD: autosomal dominant; AR: autosomal recessive; HIES: hyper-immunoglobulinE syndrome; APECED: auto-

immune polyendocrinopathy-candidiasis-ectodermal dystrophy; MSMD: Mendelian susceptibility to mycobacterial disease; IL-17RA: 1L-17 receptor A; IL-

17RC: IL-17 receptor C; STAT1: signal transducer and activator of transcription 1; STAT3: signal transducer and activator of transcription 3; MAPKS:

mitogen-activated protein kinase; DOCKS: dedicator of cytokinesis 8; ZNF341: zinc finger transcription factor 341; AIRE: autoimmune regulator; RORC:

retinoid acid-related orphan receptor C; CARD9: caspase recruitment domain-containing protein 9; ILI2RB1: interleukin-12 receptor B1; IL12RB: inter-

leukin-12 receptor B
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JKF T R, STATI GOF 5875 | % vh | 4 Kk 25
KN CMCH' 5 CMC HR 3 v i i 98 748 1) 3 R 2
STATI , 35 4F- Sk A il o 6 22 1 87 1) STATT 3% [H 28 A%
LR R
3.1.1.2 AD STAT3 % %% | AR DOCKS % % | AR
ZNF341 %87 STAT3 J2& i 40 M K5 (40 1L-6 . IL-
23) P (M) B A 5 i 5 R SRR I, STAT3
W R Ak J5 OB B = SR, B B B 40 A% N, 2 i
RORYT A4 &3k , 1 1M 9 425 Th17 40 #a (4 43 4k 150
A B STAT3 52745 () h Pifigse R 742 ) &
60.9% F I K CMC7 A FB 35 v 43 B 1 0 4R CD4'T
2 S 7 ) Th17 40 A J3 A2 40, R IR N 1L-17
(1) 7K 7 B S i /3

DOCKS X T 4 Jfd 114 38 58 F1 45 Ak 2 35 F # 81 %E
(AR, BF 98 2 W0 DOCKS 98 7% Fe 3 1) CD4A™T 41 Jfd
] Th17 #9431k B A5, [ B {5 STAT3 9 3% 1k A% i
N 32 45, D T 5 00 5 STAT3 5 53 A1 ¢ 19 40 i R 1
A6 YR HRE DOCKS 2875 i vh 41.9% % J&
CMC" . STAT3 %€ 7% Fl DOCKS %% 7% 4 ] 807 g
254 1E (hyperimmunoglobulin E syndrome , HIES) .

e S F ZNF341 % Y R Rt B G i 4l 5
SCGEAE ] S BUR A 7 A ST STAT3 5878 Jir U
HIES IIf R R I, B8 R IR 52k 1 K Bk R 286 R
BRIy, LTI 7E T ZNF341 /& STAT3 £ iK1
IE [T F, ZNF341 278 FELSTATI KA 2
HETT 5200 Th17 28 Ja i 31k 4
3.1.1.3 AR AIRE 3N 2712 AIRE K:H 98 78 5 3L
F B e Ve 22 N O3 DA 92 9 - 8 B TR s - A IR 208 9%
A K (autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy, APECED, X F{ APS-I) iX — &
Yoo pREEME B AL, CMC 2 E E BRI —
HAH A AL B B Rt . & CMC
() APECED [ 4% 0o 95 PRS2 JB 8 AR P 7= A T Rk
5 DU S S vE X T Th7 40 3 1 (IL-17A L IL-

17F 5% 1L-22) , B0 A0 8] 5 AZ 40 B 04 1L-17F 1 1L-
22 43 WK BEAG s A BT 58 R, TR E y (In-
terferon-vy, IFN-v) Ft /5 7] fig /& APECED & 35 1 &
CMC 1) 75 —Fp ALl el

3.1.1.4 AR RORC JEN %A Zmh4E 4 2 A 7 ¢
P L 3Z 4K y (retinoid-related orphan receptor gamma,
RORvy) fil 4 A= & A A & 9K JL 3Z 1K +y -t (retinoid-
related orphan receptor gamma t, RORvyt) [] RORC 3t
& A 48 (DiRe e R MR S EUR & &R EE 4
(IR B G , 4T 1Y 7 9] RORC 9875 B8 3% 43R % i
R H 3 BRI i 5, b 6 BBl & MG
RORC #EfE EXT U S BR B h i F HEAEH
ROR~T FH Th17 40 ffd 23K , J2& Th17 40 53 A iy = 22
WY, RORC 53 7% f8. 35 1) T 48 i 7 2 1L-17A/F
7J(q7_1:|g§4§[33»39,55]o

3.1.1.5 AR ILI2RBI M ILI2B %&7%  ILI2RBI1 F£ [
Y 5 1L-12RB 1, ILI2B F& A 45 i1 TL-12p40, IL-12 5
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Oral manifestations suspicious for Candida infection

!

Smear microscopy or isolated culture of secretions,

histopathology if necessary

Candida infection (+)

Chronic (more than 6 months) or recurrent Candida infections of the skin, nails,
oral and genital mucosa

|

Candida No l Yes

infection

(=) Secondary causes :
@ HIV infection

@ Immunosuppressive therapy

Candidiasis except CMC ‘

@ Long-term antibiotic therapy

@ Receiving radiotherapy and/or chemotherapy

@ Diabetes

No i Yes

@ Family history

@ Routine blood tests:
CBC, TFTs, blood glucose, liver and renal function tests

@ Immunological tests:
Humoral immunity assessment, cellular immunity assessment,
autoimmune antibody panel

@ Genetic testing:
Mutations or defects in genes such as STATI, STAT3, MAPKS,
AIRE, RORC, DOCKS8, ZNF341, ILI2RB1, IL12B, CARD9,
IL-17RA, IL-17RC, ACT1, and IL-17F

A4 v

Exclude CMC Primary CMC Secondary CMC

@ Antifungal therapy:
Topical antifungal agents, including polyenes v
Systemic antifungal agents, including azoles and echinocandins @ Treatment of the

@ Immunotherapy: primary disease
Including JAK inhibitors therapy . HDAC inhibitors therapy @ Symptomatic

@ HSCT treatment

CBC: complete blood count; TFTs: thyroid function tests; JAK: Janus kinase; HDAC: histone deacetylase; HSCT: hematopoietic stem cell transplan-
tation; CMC: chronic mucocutaneous candidiasis; HIV: human immunodeficiency virus; STAT1: signal transducer and activator of transcription 1;
STAT3: signal transducer and activator of transcription 3; MAPK8: mitogen-activated protein kinase; AIRE: autoimmune regulator; RORC: retinoid
acid-related orphan receptor C; DOCKS: dedicator of cytokinesis 8; ZNF341: zinc finger transcription factor 341; ILI2RBI: interleukin-12 receptor
B1; IL12RB: interleukin-12 receptor B; CARD9: caspase recruitment domain-containing protein 9; IL-17RA: IL-17 receptor A; IL-17RC: IL-17 re-

ceptor C
Figure 2 Diagnostic and therapeutic procedures for chronic mucocutaneous candidiasis
B2 M DR I B TR 12 W 5 IR T A
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53 #fm e & % A B T (granulocyte colony- VE Ry — Tl Z2 80 PE AL R 5, G-CSF il 0 1 #H
stimulating factor, G-CSF ) #= %% 2m fiel E. = 2w fiet 5 % 4 N ON S SR G At O T 01 o N T v B D DR 2
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plantation , HSCT )
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