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MAJOR ARTICLE

Clinical Features of Candidiasis in Patients With
Inherited Interleukin 12 Receptor B1 Deficiency
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Background. Interleukin 12RB1 (IL-12RP1)-deficient patients are prone to clinical disease caused by mycobac-
teria, Salmonella, and other intramacrophagic pathogens, probably because of impaired interleukin 12-dependent
interferon y production. About 25% of patients also display mucocutaneous candidiasis, probably owing to impaired
interleukin 23-dependent interleukin 17 immunity. The clinical features and outcome of candidiasis in these patients
have not been described before, to our knowledge. We report here the clinical signs of candidiasis in 35 patients with
IL-12RP1 deficiency.

Results. Most (n="71) of the 76 episodes of candidiasis were mucocutaneous. Isolated oropharyngeal candidiasis
(OPC) was the most common presentation (59 episodes, 34 patients) and was recurrent or persistent in 26 patients.
Esophageal candidiasis (n = 7) was associated with proven OPC in 2 episodes, and cutaneous candidiasis (n = 2) with
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OPC in 1 patient, whereas isolated vulvovaginal candidiasis (VVC; n = 3) was not. Five episodes of proven invasive candidiasis were
documented in 4 patients; 1 of these episodes was community acquired in the absence of any other comorbid condition. The first
episode of candidiasis occurred earlier in life (median age+standard deviation, 1.5 + 7.87 years) than infections with environmental
mycobacteria (4.29 + 11.9 years), Mycobacterium tuberculosis (4 + 3.12 years), or Salmonella species (4.58 + 4.17 years) or other rare
infections (3 + 11.67 years). Candidiasis was the first documented infection in 19 of the 35 patients, despite the vaccination of 10 of

these 19 patients with live bacille Calmette-Guérin.
Conclusions.

Patients who are deficient in IL-12RB1 may have candidiasis, usually mucocutaneous, which is frequently recurrent

or persistent. Candidiasis may be the first clinical manifestation in these patients.

Keywords.

Interleukin-12 receptor B1 chain; primary immunodeficiency; Candida; Mycobacterium; Salmonella.

Mendelian susceptibility to mycobacterial diseases (MSMD) is
characterized by a selective predisposition to clinical disease
caused by mycobacteria and Salmonella [1]. Nine disease-
causing genes have been described, including 3 genes controlling
the response to interferon (IFN) v (IFNGR1, IFNGR2, STATI), 4
involved in IFN-y production (IL12B, ILI2RBI, NEMO, ISG15)
[1, 2], 1 involved in the IFN-y-dependent induction of inter-
leukin 12 (IL-12; IRF8) [3], and another gene controlling the
macrophage respiratory burst, which can be triggered by IFN-y
(CYBB) [4].

Interleukin 12Rp1 (IL-12RB1) deficiency is the most common
genetic cause of MSMD [5, 6], with 156 patients reported to
date (Supplementary Table 1). ILI2RBI encodes the first chain
of the IL-12 (IL-12RB1) and interleukin 23 (IL-23) receptors.
Interleukin 12 is an important cytokine for the development of
IFN-y-producing T cells and for IFN-y production [7]. Con-
versely, IL-23 is important for the expansion and maintenance
of the interleukin 17 (IL-17)-producing T-cell population [8,
9]. Interleukin 12RP1 deficiency is the genetic cause of MSMD
for which the most infections other than mycobacteriosis has
been reported [1]. Salmonellosis is very common, as in IL-
12p40 deficiency, but much more so than in other genetic
etiologies of MSMD [1, 10, 11]. However, other infections due
to intramacrophagic pathogens have also been reported (Sup-
plementary Table 1) [1, 6]. The impairment of IL-23 immunity,
alone or together with IL-12 immunity, may contribute to this
relatively broad infectious phenotype [1, 9].

We recently noted that about 25% of IL-12RB1-deficient pa-
tients also have mild forms of chronic mucocutaneous candidi-
asis (CMC) [6]. This is consistent with the role of IL-23 in the
maintenance of IL-17-producing T cells and the low propor-
tions of IL-17 T cells in the patients with IL-12RB1 deficiency
studied [9]. Indeed, patients with disorders associated with im-
paired IL-17-mediated immunity have CMC, including pa-
tients with autoimmune polyendocrinopathy syndrome type I
(APS-I), autosomal dominant (AD) hyper—-immunoglobulin E
syndrome (AD-HIES) due to dominant-negative mutations of
STATS3, or more rarely those with caspase recruitment domain-
containing protein 9 (CARD9) deficiency [12-17]. Isolated
CMC, also known as CMC disease (CMCD), has been shown to
result from AD IL-17F deficiency, autosomal recessive deficiency

of IL-17RA (the receptor for both IL-17A and IL-17F), from
NF-«B activator 1 (ACT1) deficiency, or from an AD gain of
STAT1 activity [18-22]. Surprisingly, the clinical features of
candidiasis have never been studied in series of patients with
these inborn errors of immunity. We report here the clinical
features of candidiasis in 35 patients with IL-12RB1 deficiency.

PATIENTS AND METHODS

Patients

Candidiasis was reported in 32 (25%) of the 128 IL-12RB1-
deficient patients previously reported (of a total of 141) for
whom information about Candida infections was available [6].
Candidiasis was also documented in 2 recently reported IL-
12RB1-deficient patients [23,24] and in 9 of 21 with recent diag-
noses who were not previously reported. A questionnaire was
sent to physicians caring for the 34 previously reported IL-
12RB1-deficient patients with candidiasis [6, 23, 24] and the 9
with recent diagnoses who were previously unreported. De-
tailed information about candidiasis was obtained for 35 pa-
tients (Figure 1).

The questionnaire included items relating to demographic
data, ILI2RBI mutations, and infectious diseases. For candidiasis,
we recorded the date and patient age at the time of the episode,
the Candida species identified, sites involved, whether the episode
was community-acquired or hospital-acquired candidiasis, clini-
cal signs and duration before treatment, use of antibiotics during
or before candidiasis, use of immunosuppresants, polymorpho-
nuclear granulocyte counts, the presence of comorbid conditions
and age at onset of these conditions, clinical features for each
episode, antifungal treatment and duration, and time to clinical
remission. Informed consent was obtained from each patient or
the patient’s family. The protocol was approved by the local ethics
committees of the various institutions involved.

The diagnosis of esophageal candidiasis was based on the
demonstration of candidiasis by biopsy culture and/or esopha-
goscopy. The diagnosis of invasive candidiasis was based on the
cultivation of Candida from normally sterile clinical fluids or
biopsy specimens. We considered that an episode of candidiasis
was a relapse of a previous infection when the infection reap-
peared at the same site <1 month after treatment withdrawal.
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Total of 35 patients

Selection process for interleukin (IL)-12RB1—deficient patients with or without candidiasis and questionnaires with complete clinical informa-

tion received. The occurrence of candidiasis was included in a complete questionnaire sent to the physicians caring for the 141 patients previously reported
[6]; no data about the occurrence of candidiasis were available in 13 of these patients. Candidiasis was also documented in 2 patients reported in 2011
and 2012 [23, 24]; specific questionnaires about candidiasis were sent to the physicians caring for these 2 patients. For 21 previously unreported patients,
before questionnaires were sent, physicians caring for the patients were consulted about the presence of candidiasis. Questionnaires were sent only for
the 9 patients with documented candidiasis, for whom 8 questionnaires with complete clinical information were received.

Patients were considered to have recurrent candidiasis if they
had had >3 Candida infections and the second episode or sub-
sequent episodes occurred >1 month after withdrawal of treat-
ment for a previous episode. Recurrent VVC was defined as >4
episodes of VVC in 1 year. Persistent candidiasis was defined as
the presence of repeated episodes of candidiasis despite treat-
ment resulting in rarely observed candidiasis-free periods. For
statistical purposes, patients with persistent or recurrent candi-
diasis were analyzed together.

Statistical Analysis

Quantitative variables are presented as arithmetic means +
standard deviations, except for the age at onset of infectious
diseases, given as medians + standard deviations. Frequency
distributions were compared using  tests or Fisher exact tests,
as necessary, and odds ratios with 95% confidence intervals
were calculated. Statistical analyses were performed using the
LIFETEST and PHREG procedures of SAS software version 9.2
(SAS, Cary, NC, USA).

RESULTS

We studied 35 IL-12RB1-deficient patients who had candidia-
sis. The clinical and genetic features of the patients are

summarized in Table 1. There were 76 documented episodes of
candidiasis, and the epidemiological characteristics of the epi-
sodes are shown in Table 2. Most episodes (n = 53) correspond-
ed to documented infections in patients with recurrent or
persistent candidiasis, and 23 episodes corresponded to docu-
mented infections that did not recur. Candida infections were
documented at various anatomic sites (Figure 2). Most episodes
(n=59; 78%) involved only the oropharyngeal cavity, but
esophageal (n =7), cutaneous (n =2), and vulvovaginal (n =3)
sites were also affected. However, 5 episodes of proven dissemi-
nated candidiasis were also recorded.

Oropharyngeal Candidiasis

Oropharyngeal candidiasis (OPC) was the predominant mani-
festation (34 of 35 patients), and no risk factors were identified
for 23 of the 62 episodes (59 episodes of isolated OPC and 3 ep-
isodes of OPC associated with esophageal [n = 2], or cutaneous
[n = 1] candidiasis). The risk factors for the remaining 39 epi-
sodes included antibiotic treatment in all cases and the use of
immunosuppressive drugs in 6 cases. Twenty-six patients had
recurrent or persistent OPC despite oral or intravenous anti-
fungal treatment (Supplementary Figure 1). Six patients have
had OPC since birth and continuing after the age of 6 months.
A combination of stomatitis, aphtous ulcers, and oral thrush
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Table 1. Genetic and Clinical Features of Interleukin 12Rp1-Deficient Patients With Candidiasis
Code in BCG Mycobacterium
Patient Reference Country of Age, Follow-up Candidiasis Onset EM Onset tuberculosis Salmonella Onset
No. [6] Origin Mutation y?/Sex Outcome Onset (Age, y) (Age, y) (Age, y) Onset (Age, y) (Age, y) Other Infections (Age, y)
1 3011.5 Spain NG 6.9/M Deceased Candida spp. NV R L Salmonella Varicella (chickenpox) (5)
(birth) enteritidis (5.9)
2 3011.6 Spain 1791 +2T>G 30.2/M  Deceased Candida NV L R S. enteritidis, Measles (4), varicella (5),
albicans Salmonella mumps (6), Campylobacter
(2.1 portland (6) Jejuni (28)
B 97111 Tunisia NG 29/M Alive C. albicans (7) R R M. tuberculosis (4) s Streptococcus spp. (27),
Aerococcus viridans (27),
herpes (17)
4 8311.1 Turkey 783+1G>A 4/M Alive Candida spp. D (0.5)
(2)
B) 7511.2 Turkey 783+1G>A 4/M Deceased C. albicans D (2)
(0.83)
6 75111 Turkey 783+1G>A 7/F Deceased C. albicans (3) D (0.33)
7 73111 Turkey 783+1G>A 4/M Deceased C. albicans D (0.33)
(birth)
8 7311.2 Turkey 783+1G>A 11/F Alive C. albicans (1) NV Mycobacterium A Salmonella group B,
spp. (0.75)° Salmonella
group D? (6)
9 64 1.2 Netherlands Q376X 28.4/F Deceased Candida spp. NV Mycobacterium C Salmonella Rotavirus (3)
(4.1) avium (4) typhimurium (4)
10 1011.2 Israel (Bedouin 700 +362_1619— 10.5/M  Alive C. albicans (4) NV L L Salmonella group D Kingella kingae (1.6,
Arab) 944del (NA) Trichophyton rubrum (4),
Streptococcus pneumoniae
= (4.1), herpes (9.4)
o 11 4111 Cyprus 1623_1624delinsTT ~ 40/M Alive Candida spp. R Mycobacterium triplex, L S. enteritidis (11)
& (2.3) Mycobacterium
5 genevense (17)
& 12 715 Turkey R173P 17/M Deceased C. albicans(17) R Mycobacterium M. tuberculosis (7) S Acinetobacter
Q. fortuitum-chelonae baumani (17)
3 complex (10), M.
Q avium (17)
% {18 49111 Turkey 783+1G>A 1.9M Deceased Candida spp. D (1.3) C C s Staphylococcus
o (W] aureus (NA)
g 14 3911.2 Turkey 628-644dup 6/M Deceased Candida spp. D(1.5) M. avium (3.7) A Salmonella
% (1.6) spp. (4.2)
é' 15 3911.5 Turkey 628-644dup 2.5/M Alive Candida spp. D (0.91)
@ (birth)
° 16 4111.2 Turkey 783 +1G>C 3.1/M Deceased Candida spp. R L A S. enteritidis (1)
Q (birth)
o 17 3811.2 Turkey 711ins C 2/F Deceased Candida spp. D (0.5)
8 (birth)
=t
» 18 44111 Mexico 1791 +2T>G 3.5/F Deceased C. albicans D (0.5)
A 2.7)
oy 19 5711.1 Mexico 1791 +2T>G 16/M Deceased Candida spp. D (0.75) C C R Herpes (0.33)
b (15.6)
—
g 20 7811.2 Mexico R486X 4.6/M Deceased C. albicans D (0.5) Mycobacterium spp. - Salmonella spp. (2) Klebsiella pneumoniae (4.6)
g (4.4) (4.6)
2
L]
[\=]
S
|
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Table 1 continued.
Code in BCG Mycobacterium
Patient Reference Country of Age, Follow-up Candidiasis Onset EM Onset tuberculosis Salmonella Onset
No. [6] Origin Mutation y?/Sex Outcome Onset (Age, y) (Age, y) (Age, y) Onset (Age, y) (Age, y) Other Infections (Age, y)
21 25111 Spain 1791 +2T>G 7.5/F Deceased Candida NV M. avium (3.3) S. enteritidis (0.91)
glabrata—C.
albicans (4)
22 18111 France Q376X 30.8/M  Alive C. albicans R Salmonella Enterobacter spp., Serratia
(birth) dublin (2) spp. (3)
23 8111.1 Turkey 64+2T>G 4.5/M Alive Candida spp. D (0.5)
(1.2)
24 89111 Turkey 1791 +2T>G 5.5/F Alive Candida spp. D(2)
(2)
25 8211.5 Turkey 1425delC 3M Alive Candida spp. D (0.5) S. enteritidis (16)
(5)
26 Turkey 64+1G->T 2.1/M Alive Candida spp. D (0.58)
(5)
27 United States W466X/Q541X 2.5/M Alive Candida spp. NV M. avium (1.8)
(2.3)
28 Israel 700 +362_1619— 16/M Deceased C. albicans NV Mycobacterium spp. (15) Salmonella
944del (7.6) spp. (10.4)
29 Brazil C474S 7/M Alive Candida spp. D (0.25) Mycobacterium spp. (2) M. tuberculosis Salmonella
(0.75) (0.75) spp. (2)
30 Colombia C291Y 2.6/M Alive Candida spp. D (0.33) Staphylococcus epidermis
(1.8) (0.75)
31 Iran Q410X 6.4/F Deceased C. albicans NV Mycobacterium spp. Salmonella K. pneumoniae (2)
(1.3) (4.9) typhi (1.6),
Salmonella
group D (4.2)
32 Turkey R211X 7.6/F Alive C. albicans D(1.5) Salmonella Escherichia coli (1.5)
(1.5) spp. (5)
33 Chile 169delA 3.5/M Alive Candida spp. D (0.25)
(0.16)
34 The 1561G.C 49/M Alive C. albicans NV M. genevense (43.5) E. coli (43.5) K. pneumoniae
Netherlands (43.2) (44.4), S. pneumoniae
(44.4)
85} Russia Q209X/1387del6 8.5/F Alive C. albicans (2) D (0.33) S. enteritidis (6) Yersinia spp. (2),

varicella (3)

Abbreviations: BCG, bacille Calmette-Guérin; Candida spp., patient had Candida infection but the species was not identified; D, BCG disease after vaccination; EM, environmental mycobacteria (nontuberculous
mycobacteria); NG, not genotyped, diagnosis of IL12RB1 deficiency was based on clinical phenotype, family history, and identification of /L72RB1 mutations in relatives; F, female; M, male; Mycobacterium spp.,
patient had mycobacterial infection but the species was not identified; NA, not available; NV, not vaccinated; R, resistant to vaccination; Salmonella spp., patient had nontyphoidal salmonellosis, but the species was
not identified.
@ Age at last follow-up or death.

®|n this patient, BCG disease was suspected, probably acquired from the affected older brother’s lesion. The mycobacterial species was not identified.
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Table 2. Epidemiological Characteristics of 76 Episodes of
Candida Infection in 35 Patients With Interleukin 12Rp1 Deficiency®

Characteristics Episodes, No. (%)
Type of candidiasis
Recurrent or persistent 53 (70)°
Acute 23 (30)
Community acquired 69 (91)
Hospital acquired® 7(9)
Risk factors
Antibiotic treatment 42 (55)
Immunosuppression 2(3)
Antibiotics plus immunosuppression 5(7)
Neutropenia 0
Comorbid conditions® 0
Central venous catheter plus antibiotics 2(3)
Abdominal surgery plus antibiotics 1(1)
Esophageal carcinoma plus antibiotics (1)
Bone marrow transplantation plus antibiotics 1(1)
No risk factors recorded 27 (36)
Candida species
Candida albicans 40 (53)
Species not identified 34 (45)
C. albicans plus other Candida species 2 (3)°
Other fungal infections
Trichophyton rubrum 1(1)

@ The median patient age at onset of first Candida infection (= standard
deviation) was 1.5 + 7.87 years.

b When the corresponding physician stated that a patient had multiple
episodes of candidiasis, but only 1 episode was noted in the questionnaire,
the patient was considered to have recurrent or persistent candidiasis, and
only the reported episode was considered in the statistical analysis.

¢ Candida infections that occurred when the patients were hospitalized were
considered probable cases of nosocomial infection.

4 Comorbid conditions conferring a predisposition to candidiasis, such as
diabetes, renal insufficiency, or pancreatitis.

¢ Coinfection with C. albicans and Candida glabrata was recorded in 2
episodes.

was noted in 2 patients. Secondary prophylaxis with flucona-
zole or itraconazole (in 2 patients each) controlled OPC, al-
though candidiasis recurred in both patients when prophylaxis
was withdrawn. However, 2 patients continued to have candidi-
asis in spite of prophylaxis with fluconazole (both patients) or
itraconazole (1 patient); 1 of these patients (patient 25), contin-
ued to have OPC after intravenous amphotericin B followed by
intravenous caspofungin, even though Candida isolates were
sensitive to fluconazole, itraconazole, and amphotericin B.

Cutaneous Candidiasis

Cutaneous candidiasis was observed in 2 patients. Despite re-
peated treatments with oral fluconazole, griseofulvin, and itra-
conazole, patient 10 had recurrent skin and scalp infections with
Trichophyton rubrum and Candida albicans in the absence of

7%

Oisolated oropharyngeal
candidiasis

B Cutaneous candidiasis

B Vulvovaginal candidiasis

BEsophageal candidiasis

®|nvasive candidiasis

Figure 2. Candida infections (episodes) in patients with interleukin
12RB1 deficiency. Two episodes of esophageal candidiasis and 1 of cuta-
neous candidiasis were associated with oropharyngeal candidiasis.

known risk factors. Patient 25 had a dermal lesion caused by
Candida spp. on the left shoulder and neck during antibiotic
treatment. The infection resolved after 2 weeks of treatment with
intravenous amphotericin B.

Vulvovaginal Candidiasis

Vulvovaginal candidiasis due to C. albicans was recorded in 3
episodes in 3 patients (patient 9, age 26 years; patient 21, age 4
years; and patient 32, age 5 years). Two of these patients (pa-
tients 9 and 21) were receiving antibiotic treatment, and 1
patient was receiving immunosuppressive treatment. Coinfec-
tion with Candida glabrata was observed in 1 episode (in
patient 21). All 3 episodes resolved following local antifungal
treatment. No recurrent VVC was recorded.

Esophageal Candidiasis

Five patients (7 episodes) had esophageal candidiasis (Supple-
mentary Figure 2), which manifested as decreased appetite,
weight loss, and/or odynophagia. One case of community-
acquired C. albicans superinfection of a well-differentiated squ-
amous cell carcinoma of the esophagus (SCEC) was observed,
in patient 2. This patient was receiving irregular prophylaxis
with ciprofloxacin [25]. Patients 27, 28, 31, and 34 had commu-
nity-acquired esophageal candidiasis at the ages of 2 years and
3 months, 9 years, 30 months, and 43 years, respectively.
Patient 27 was receiving antimycobacterial treatment, and
patient 31 was receiving cotrimoxazole treatment, but patients
28 and 34 were not taking antibiotics and had no other risk
factors. Patients 2, 27, and 28 had previously had OPC. Patient
34 had a second episode of community-acquired esophageal
candidiasis at age 44.5 years when he was receiving antimyco-
bacterial treatment. Patient 28 also had hospital-acquired
esophageal candidiasis when he was 15 years old, while receiv-
ing ceftriaxone plus prednisone treatment. Patient 2 responded
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to treatment with oral fluconazole, but no response to oral flu-
conazole was observed twice in patient 34. Secondary prophy-
laxis with oral fluconazole (patient 27) or oral itraconazole
(patient 31) controlled esophageal candidiasis in 2 patients, al-
though prophylaxis with oral fluconazole was ineffective in
patient 28.

Systemic and Deep-Seated Candida Infections

Five episodes of documented invasive or disseminated candidi-
asis were recorded in 4 patients (Table 3 and Supplementary
Material 2). Two patients (patients 9 and 12) had catheter-
related candidemia with sepsis, caused by C. albicans. One of
them (patient 9) developed an invasive infection of the ileus by
C. albicans following laparotomy 1 month after an episode of
candidemia. Despite antifungal treatment, 2 ileum biopsy
specimen cultures were positive for C. albicans 9 months later.
One patient had community-acquired disseminated candidia-
sis; patient 3 had acute pulmonary edema and endocarditis
caused by Candida spp. Patient 20 had a systemic response,
neurological symptoms, aplasia, and paralysis due to a C. albi-
cans infection that was confirmed by cultures of urine and cere-
brospinal fluid. However, the clinical course of the invasive
candidiasis in patient 20 did not allow us to exclude the possi-
bility that this episode was hospital acquired. Three of these pa-
tients (patients 3, 9, and 20) had had oral candidiasis since
childhood. No other comorbid condition was identified in
patient 3, and possible risk factors documented in patient 20 in-
cluded intravenous antimycobacterial and antifungal treatment
and surgical debridement of a dorsolumbar abscess.

Onset of Candidiasis

In the 35 patients with candidiasis, the first episode of candidia-
sis occurred earlier in life (1.5 +7.87 years; range, birth to 43
years) than reported for classic MSMD-defining infections,

such as those caused by environmental mycobacteria
(4.29 £ 11.9 years; range, 9 months to 43 years), Mycobacterium
tuberculosis (4 + 3.12 years; range, 9 months to 7 years), or Sal-
monella species (4.58 £4.17 years; range, 11 months to 16
years) or other infections (3 + 11.67 years; range, 4 months to
43.5 years). By contrast, BCG vaccination induced disease at
even younger ages (0.5 * 0.57 years; range, 3 months to 2 years)
than Candida or other infections. Nevertheless, Candida was
the first documented infection in 19 of the 35 patients, despite
the vaccination of 10 of these 19 patients with BCG vaccine,
suggesting that >10% of patients with IL-12RB1 deficiency may

first present with Candida infections.

Mortality

The mortality rate in our 35 patients with candidiasis (49%)
was higher than that previously reported for 132 symptomatic
IL-12RP1-deficient patients (31.8%) [6]. We did not have up-
to-date data for many of the previously reported patients,
particularly those without candidiasis. However, we analyzed
mortality for the previously reported 128 symptomatic IL-
12RPB1-deficient patients (of the 141 patients described else-
where) for whom information about Candida infection was
available (Table 4) [6]. Mortality rates were significantly higher
(P =.00004) for patients with candidiasis (19 of 32 [59%]) than
for those without Candida infection (20 of 96 [21%]; odds
ratio, 5.84; 95% confidence interval, 2.46-13.9). Likewise,
Kaplan-Meier survival analysis (Figure 3) showed survival to
be significantly lower for patients with candidiasis (P =.0001
by log-rank test) than for those without Candida infection.

DISCUSSION

We recently noted that about 25% of IL-12RB1-deficient pa-
tients have chronic CMC [6]. Oropharyngeal candidiasis, skin

Table 3. Invasive Episodes of Candida Infection in Patients With Interleukin 12Rg1 Deficiency
Documented Candida Infections
Patient HAC or Previous Candida
No. Candida Site Risk Factor CAC Candidiasis Species IFN-y?
9 Candidemia with sepsis Catheter antimycobacterial HAC Oral candidiasis, C. albicans Yes
treatment WC
9 Gastrointestinal Laparotomy, antimycobacterial HAC Oral candidiasis, C. albicans Yes
treatment WC
12 Candidemia with sepsis Catheter, antimycobacterial HAC A C. albicans No
treatment
3 Endocarditis No CAC Oral candidiasis Candida spp. No
20 Urine and cerebrospinal fluid ~ Antimycobacterial treatment, HAC Oral candidiasis C. albicans Yes

Surgical debridement
(dorsolumbar abscess)

Abbreviations: CAC, community-acquired candidiasis; HAC, hospital-acquired candidiasis; IFN, interferon; VVC, vulvovaginal candidiasis.

? |FN-y treatment at the time of the episodes.
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Table 4. Infections and Outcome for the Interleukin 12RB1--
Deficient Patients With or Without Candidiasis®

Interleukin 12Rp1-Deficient
Patients, No. (%)°

Without With Candidiasis
Infections and Outcomes Candidiasis (n = 96) (n=32)
Age at last follow-up or death, 10.9 +9.48° 10.49 + 10.06
mean + SD, y
Male sex 50 (52) 21 (66)
Mycobacterial disease 74/96 (77) 25/32 (78)
BCG disease 59/96 (61) 18/32 (56)
BCG resistant? 18/77 (23) 6/24 (25)
EM disease 8/96 (8) 6/32 (19)
In BCG-vaccinated patients 4/77 (5) 3/24 (12)
In patients with BCG 2/59 (3) 1/18 (6)
disease
Mycobacterium 7/96 (7) 2/26 (8)
tuberculosis disease
Salmonellosis 35/96 (36) 15/32 (47)
Mortality® 20/96 (21) 19/32 (59)
Mean age at death, 6.69 +8.22 y° 9.0+854y

mean = SD, y

Abbreviations: BCG, bacille Calmette-Guérin; EM, environmental mycobacteria
(nontuberculous mycobacteria); SD, standard deviation.

@ Data are from reference [6]; only those patients for whom information about
Candida infection was available were included.

®Values represent No. (%) of patients unless otherwise specified.
° No data were available for 1 patient.
4 BCG-vaccinated patients resistant to BCG disease.

¢ Mortality was 23% for the 13 of the 141 patients described elsewhere [6], for
whom no information about Candida infection was available.

infections, and/or onychomycosis due to C. albicans were the
most common forms of mucocutaneous candidiasis in patients
with AD-HIES (43%-56% of patients) [26, 27], APS-I (all pa-
tients by age 40 years and 30% in the first 2 years of life) [28,
29], or CMCD due to mutations of ILI7F, ILI7RA or ACT1 or
gain-of-function mutations of STAT1 [18-22]. Oropharyngeal
C. albicans infection was by far the most common presentation
of Candida infection in our series of patients and was present
in 6 patients at birth. Other forms of mucocutaneous candidia-
sis were rare in our patients. Only 3 episodes of VVC were re-
corded in the 9 female patients in our series. Vulvovaginal
candidiasis, even if recurrent, is also common in healthy
women with no known risk factors [30, 31]. In the absence of
large epidemiological studies, it is probably not possible to as-
sociate the occurrence of VVC with impairments of immunity
mediated by the IL-23/IL-17/interleukin 22 axis. Likewise, only
2 episodes of dermal infection were documented, and no ony-
chomycosis was observed.

Other patients with MSMD due to mutations impairing IFN-
y-mediated responses (IFNGR1, IFNGR2, or STATI deficiencies

s

Survival, %

Age,y

Figure 3. Kaplan—Meier estimation of survival for patients with inter-
leukin 12Rp1 deficiency with (dashed line) or without (solid line) Candida
infections (log-rank % 14.56; P=.0001).

due to loss-of-function alleles) do not seem to be prone to
Candida infections, even when treated with prolonged courses
of antibiotics or long-term prophylaxis [32, 33]. Overall, our
data indicate a potentially causal role of IL-23/IL-17 circuit
impairment, but not of IL-12/IFN-y circuit impairment, in
susceptibility to mucocutaneous candidiasis in patients with
IL-12RP1 deficiency. The absence of onychomycosis in our pa-
tients and their lower incidence of oral and skin infections
than in patients with other primary immunodeficiencies
(PIDs) resulting in impaired IL-17 immunity may reflect a
milder impairment of IL-17-mediated responses in patients
with IL-12RB1 deficiency than in those with AD-HIES, APS-I,
or CMCD [9, 18-22].

Esophageal candidiasis was observed in 5 patients (7 epi-
sodes) in our series. Patient 2 had esophageal candidiasis at age
25 years, coinciding with the diagnosis of SCEC, in the absence
of overt predisposing factors [25]. Esophageal candidiasis is rel-
atively common in patients with APS-I (14 of 91 Finnish pa-
tients with APS-I), but it is unusual in patients with AD-HIES
[26-29, 34]. It has been suggested that there is an association
between CMC and predisposition to oral and esophageal carci-
nomas [35]. We cannot formally exclude the possibility that
candidiasis was an SCEC-predisposing factor in our patient,
but the 2 conditions, candidiasis and SCEC, were diagnosed si-
multaneously. The IL-12/IFN-y axis has a dramatic antitumor
effect, and IL-17-producing T cells have been reported to have
both anti- and protumorigenic effects [36]. Other patients with
MSMD have also had cancer at young ages [25].

Most IL-12RB1-deficient patients continued to have recur-
rent or persistent OPC despite treatment with oral nystatin or
fluconazole. Remarkably, fluconazole prophylaxis did not
control candidiasis in 2 of 4 patients with OPC and in 1 of 2 pa-
tients with esophageal candidiasis; itraconazole prophylaxis
did not eradicate candidiasis in 1 of 4 patients, but it controlled
the infection in 1 patient with esophageal candidiasis. Poor
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responses to treatment with azoles were found to be unrelated
to resistances to these antifungals in 2 patients with OPC
treated with oral fluconazole or intravenous fluconazole. Like-
wise, itraconazole and fluconazole prophylaxis did not control
esophageal candidiasis by a C. albicans strain sensitive to both
drugs. No antifungal prophylaxis was documented in patients
without candidiasis. (For a proposal of antifungal treatment in
IL-12RPB1-deficient patients with candidiasis see Supplementa-
ry Material 3 [37].)

Remarkably, disseminated candidiasis was observed in 4 of
our 35 patients, with a total of 5 episodes. Three of these 5 epi-
sodes were nosocomial, and the clinical course of the invasive
candidiasis in patient 20 does not exclude the possibility that it
was hospital acquired. However, 1 patient had disseminated
community-acquired candidiasis in the absence of predisposing
factors other than the PID. Disseminated candidiasis is ex-
tremely rare in patients with APS-I, AD-HIES, or CMCD and
is thought to be nosocomial [26-29, 34, 38]. Likewise, patients
with isolated inborn errors of IL-17 or IFN-y immunity do not
seem to display invasive candidiasis, even though the latter also
have severe mycobacterial and salmonella infections and often
require similar in-hospital procedures [32, 33]. By contrast, in-
vasive and fatal Candida infections, such as meningeal candidi-
asis, are observed in patients with CARD9 deficiency, the only
known PID conferring a predisposition to invasive candidiasis .
However, CARDY deficiency may impair several immune re-
sponses to Candida and other fungi through mechanisms other
than the impaired IL-17-mediated immunity [16, 17].

We acknowledge several limitations to our study. First, no
data were available on the occurrence of candidiasis in 13 previ-
ously reported patients [6]. In addition, we cannot exclude the
possibility that some episodes, particularly of OPC, were
treated by primary care physicians and that they were not re-
ported to the physicians providing care at tertiary hospitals.
Second, 16 of the 35 patients studied were from a single
country (Turkey), which could bias our data. However, the re-
maining 19 patients were from 13 countries in Europe, Africa,
North and South America, and the Middle East. Third, it is dif-
ficult to know whether some episodes of candidiasis were only
consequence of the PID or could have been secondary to other
factors, such as hospital exposure, particularly in patients with
invasive candidiasis who underwent surgery or in those with
central lines. Fourth, our data suggest that IL-12RB1-deficient
patient with candidiasis may have a poorer prognosis than
those without candidiasis. However, there is not enough infor-
mation to ascertain whether the groups of patients with or
without candidiasis were comparable in terms of severity, expo-
sure to healthcare, or other comorbid conditions; therefore, a
causal relationship cannot be established.

Immune responses to Candida are anatomically compart-
mentalized, and the roles of the IL-12/IFN-y and IL-23/IL-17

circuits in predisposition to invasive candidiasis remain unclear
[21, 30, 31, 39, 40]. In a mouse model of oral infection, the IL-
12/IFN-y circuit was found to be more relevant than the IL-23/
IL-17 axis for limiting the invasiveness of the fungus beyond
the oral cavity [30, 31]. Thus, the pathogenesis of invasive can-
didiasis may involve the combined impairment of IL-17 and
IFN-y immunity, as in IL-12RB1-deficient patients. However,
candidemia is the fourth most common cause of nosocomial
bloodstream infections in much of the developed world [37].
Further data are needed to draw firm conclusions about sus-
ceptibility to invasive candidiasis in IL-12RPB1-deficient pa-
tients. Finally, our data expand the known infectious
phenotype of IL-12RB1 deficiency and indicate that candidiasis
may be the first clinical manifestation in IL-12RB1-deficient
patients.
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