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M Abstract

Mendelian susceptibility to mycobacterial diseases (MSMD) is a rare syndrome characterized by predisposition to infections caused by weakly
virulent mycobacteria, such as those in bacille Calmette-Guérin (BCG) vaccine and environmental mycobacteria. Salmonellosis has been reported
in almost half of affected patients. Patients are also vulnerable to Mycobacterium tuberculosis infection. Several other infectious diseases may
occur, albeit rarely. Mucocutaneous candidiasis is more common. Interleukin-12 receptor 81 (IL-12RR1) deficiency is the most frequent genetic
cause of MSMD. Here, we describe an infant with a single episode of BCG lymphadenitis who also suffered from recurrent oral candidiasis.
Genetic analysis revealed a new homozygous mutation (64+1G>T) in the IL12RB1 gene that caused complete IL-12RR1 deficiency. IL-12RR1
deficiency should be considered in patients with BCG infection, even in those who experience a single episode of BCG lymphadenitis or
recurrent mucocutaneous candidiasis. Every attempt should be made to heighten awareness in countries where BCG vaccination is performed.
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M Resumen

La susceptibilidad mendeliana a enfermedades micobacterianas (MSMD) es un sindrome poco frecuente caracterizado por la predisposicion
a infecciones causadas por micobacterias con baja virulencia, como las presentes en la vacuna del bacilo de Calmette-Guérin (BCG) y
micobacterias ambientales. En casi la mitad de los pacientes afectados se ha notificado salmonelosis. Los pacientes también son susceptibles
a infecciones por Mycobacterium tuberculosis. Pueden producirse otras muchas enfermedades infecciosas, aunque con poca frecuencia.
La candidiasis mucocutanea es la més frecuente. La deficiencia de receptor de interleucina-12 B1 (IL-12RR1) es la causa genética mas
frecuente de MSMD. En este articulo se describe el caso de un lactante con un dnico episodio de linfadenitis por BCG que también sufrid
candidiasis oral recurrente. Los analisis genéticos revelaron una nueva mutacién homocigota (64+1G>T) en el gen IL12RB1 que causaba
una deficiencia de IL-12RR1. Debe considerarse la deficiencia de IL-12RR1 en pacientes con infeccion por BCG, incluso en aquellos que
experimentan un unico episodio de linfadenitis por BCG o candidiasis mucocutanea recurrente. Deben destinarse todos los esfuerzos
posibles para que los paises donde se practica la vacunacion con BCG estén mas concienciados al respecto.

Palabras clave: Linfadenitis por BCG. Deficiencia de IL-12RR1. Susceptibilidad mendeliana a enfermedades micobacterianas. Candidiasis
mucocutanea.

© 2011 Esmon Publicidad J Investig Allergol Clin Immunol 2011; Vol. 21(5): 401-404



402 C Aytekin, et al

Introduction

Mendelian susceptibility to mycobacterial disease
(MSMD) (OMIM 209,950) is a rare congenital syndrome
conferring predisposition to infections caused by weakly
virulent mycobacteria (eg, bacille Calmette-Guérin [BCG]
vaccines and nontubercul ous environmental mycobacteria) in
otherwise healthy individuals[1]. Patients are al so susceptible
to Mycobacterium tuberculosis infection [2]. Severe disease
caused by nontyphoidal Salmonella serovarsis also observed
in nearly half of cases[3]. Study of patients with MSMD has
revedled the key role of the interleukin (IL) 12/interferon (IFN) y
axis in immunity to mycobacteria in humans [4]. Disease is
caused by 5 autosomal genes— FNGR1, IFNGR2, STAT1,
1L12B, and IL12RB1—and an X-linked gene—NEMO—and
allelic heterogeneity accounts for the existence of 13 defined
disorders, all of which result in impaired IFN-y—mediated
immunity [2,3]. IL-12RR31 deficiency is the most frequent
known genetic etiology of MSMD and is found in about 40%
of patients with a known genetic defect [3]. We present the
case of an infant with BCG lymphadenitis and recurrent oral
candidiasis due to complete | L-12RI31 deficiency caused by a
new homozygous mutation (64+1G>T) in the IL12RB1 gene.

Case Description

A 7-month-old boy presented with a 2 to 3-week history
of left axillary lymphadenopathy. His past medical history was
unremarkablewith the exception of recurrent oral candidiasis.
His parents were first-degree relatives. His family history
was negative for genetic disorders and tuberculosis. He was
vaccinated with BCG at the age of 3 months. On admission,
routine physical examination was unremarkable, with the
exception of enlarged lymph nodes (5 cm in diameter) in the
left axillary region. A BCG vaccine scar was visible on his
|eft shoulder.

Thetuberculin skintest waspositive (15 x 15mm). Thoracic
computed tomography and abdominal ultrasonography were
normal. Histopathology of the lymph node biopsy specimen
revealed a widespread lymphohistiocytic infiltration and
a few small granulomas with no caseous necrosis. Ziehl-
Neelsen staining for acid-fast bacilli revealed the presence of
multibacillary histiocytes. M tubercul osis complex polymerase

chain reaction and culturewere negative. Theresultsof routine
immunologica evduation induding serum immunoglobulin (1g) G,
IgA, 1gM, IgE, periphera blood lymphocyte subsets, and
phagocyte respiratory burst assay were normal. Whole blood
samples were activated in vitro with BCG, BCG plus IL-12,
and BCG plus IFN-y, as described previously [4]. IL12p40
production was increased after stimulation with BCG plus
IFN-y (Figure, A). In contrast, IFN-y production to BCG plus
IL-12 was blunted (Figure, B). Flow cytometry revealed IL-
12RR1 expression on activated T cells to be negative (data
not shown). DNA sequencing of the IL12RB1 generevealed a
new homozygous mutation (64+1G>T). The patient’s parents
and brother were heterozygous for this mutation and healthy.
Therefore, following the genetic analysis, the healthy brother
was vaccinated with BCG at the age of 3 months.

The patient was treated with isoniazid, rifampicin, and
ethambutol for the first 2 months and with isoniazid and
rifampicinfor afurther 6 months. Drainage of purulent material
from the surgical wound was discontinued at the fourth month
of treatment. Eight months after the end of treatment, the
patient was doing well, with the exception of oral candidiasis.

Discussion

We report the case of an infant with BCG lymphadenitis
and recurrent oral candidiasis due to complete IL-12R[31
deficiency caused by anew homozygous mutation (64+1G>T)
in the IL12RB1 gene.

IL-12—dependent IFN-y secretion is essential for the
control of intracellular pathogens, especialy mycobacteria.
IL12RB1 encodes thefirst chain of the IL-12 (IL-12Rf31) and
IL-23 receptors [3]. IL-12 binds to its receptors (IL-12RR31
and IL-12R32) on T lymphocytes and natural killer cells and
is apotent inducer of IFN-y. Conversely, binding of 1L-23 to
itsreceptors (IL-12RR31 and IL-23R) induces|L-17 [1]. IFN-y
bindsto the |FN-y receptor on macrophagesand dendritic cells
and leadsto phosphorylation of signal transducer and activator
of transcription type 1 (STAT-1). Defectsin any pathway of the
IL-12/IFN-y axis cause susceptibility to mycobacteriaor other
infectious pathogensin humans[5-7]. IL-12RR1 deficiency is
the most common form of MSMD: it has been demonstrated
in 141 affected patients from 30 countries, and 54 mutant
aleles have been identified [7]. 1L-12RM31 deficiency, which

Figure. Impaired IFN-y production. A, Whole blood
samples were stimulated with BCG and BCG plus
IFN-y. Secreted IL12p40 was measured by enzyme-
linked immunosorbent assay. B, Whole blood
samples were stimulated with BCG and BCG plus
IL-12. Secreted IFN-y was measured by enzyme-
linked immunosorbent assay. BCG indicates bacille
Calmette-Guérin; IFN, interferon; IL, interleukin.
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isarelatively common diseasein Turkey, isnot duetoasingle
mutation [6,8-11].

The clinical features of patients with MSMD are not
restricted to predisposition to mycobacterial disease.
Salmonellosis has been reported in amost half of affected
patients, and a significant number present with isolated
salmonellosis[1,7,11]. de Beaucoudrey et a [7] found that 84
out of the 108 patients with 1L-12RR31 deficiency vaccinated
with BCG developed BCG disease, which presented as a
localized infection in 17 patients. Disseminated tuberculosis
has been reported in severa patients [7,10]. Recurrent ora
candidiasis was al so observed in our patient. de Beaucoudrey
et al observed mucocutaneous candidiasisin 32 (24%) of 132
symptomatic patients. The importance of Candida infections
in IL-12RM[31 deficient patients is now being analyzed by
Rodriguez-Gallego et a (manuscript in preparation) [12].
Despite the high frequency of mucocutaneous candidiasis,
disseminated fungal infections such as histoplasmosis and
paracoccidioidomycosis have been diagnosed in a single
patient [7,13]. Other infectious diseases (toxoplasmosis,
nocardiosis, and leishmaniasis) have occurred in a single
patient, but Klebsiellainfection wasalso reported in 5 patients
[7,14]. Inaddition, IL-12RR1 deficiency, and other disorders of
the IL-12/IFN-y axis might even predispose to cancer [15,16].
Therefore, MSMD, and particularly IL-12RM31 deficiency, may
be more heterogeneous than previously thought.

In most cases, patients are treated conservatively with a
prolonged course of antibiotics, and additional recombinant
IFN-y treatment has been shown to be effective in those who
do not respond well [1,9]. Our patient responded well to
antituberculosis treatment and did not require IFN-y therapy.
Abdominal surgery has often been required to remove splenic
and mesenteric lesions, which respond poorly to antibioticsand
IFN-y [3]. Mycobacterial recurrence was observed in 15% of
patients with mutations in 1L12B and IL12RB1, and this was
probably dueto reactivation of theinitial mycobacterial agent
upon premature treatment cessation in most cases [17].

The mortality rate among symptomatic patients was 32%,
whichissomewhat higher than previously reported (15%) and
with aless favorable outcome than previously thought [2,7].

In conclusion, 1L-12R(31 deficiency should be considered
in patients with BCG infection, even those who experience a
single episode of BCG lymphadenitis. In addition, patientswith
recurrent mucocutaneous candidiasis should also be eval uated
for IL-12RM31 deficiency. Every attempt should be made to
heighten awareness in countries where BCG vaccination is
performed.

References

1. Al-Muhsen S, Casanova JL. The genetic heterogeneity of
mendelian susceptibility to mycobacterial diseases. J Allergy
Clin Immunol. 2008;122:1043-51.

2. Fieschi C, Dupuis S, Catherinot E, Feinberg J, Bustamante
J, Breiman A, Altare F, Baretto R, Le Deist F, Kayal S, Koch H,
Richter D, Brezina M, Aksu G, Wood P, Al-Jumaah S, Raspall
M, Da Silva Duarte AJ, Tuerlinckx D, Virelizier JL, Fischer A,
Enright A, Bernhéft J, Cleary AM, Vermylen C, Rodriguez-

© 2011 Esmon Publicidad

Gallego C, Davies G, Blltters-Sawatzki R, Siegrist CA, Ehlayel
MS, Novelli V, Haas WH, Levy J, Freihorst J, Al-Hajjar S, Nadal D,
De Moraes Vasconcelos D, Jeppsson O, Kutukculer N, Frecerova
K, Caragol I, Lammas D, Kumararatne DS, Abel L, Casanova
JL. Low penetrance, broad resistance, and favorable outcome
of interleukin 12 receptor betal deficiency: medical and
immunological implications. J Exp Med. 2003;197:527-35.

. Filipe-Santos O, Bustamante J, Chapgier A, Vogt G, de

Beaucoudrey L, Feinberg J, Jouanguy E, Boisson-Dupuis S,
Fieschi C, Picard C, Casanova JL. Inborn errors of IL-12/23- and
IFN-gamma-mediated immunity: molecular, cellular, and clinical
features. Semin Immunol. 2006;18:347-61.

. Feinberg J, Fieschi C, Doffinger R, Feinberg M, Leclerc T, Boisson-

Dupuis S, Picard C, Bustamante J, Chapgier A, Filipe-Santos O,
Ku CL, de Beaucoudrey L, Reichenbach J, Antoni G, Baldé R,
Alcais A, Casanova JL. Bacillus Calmette Guerin triggers the
IL-12/IFN-gamma axis by an IRAK-4- and NEMO-dependent,
non-cognate interaction between monocytes, NK, and T
lymphocytes. Eur J Immunol. 2004;34:3276-84.

. Casanova JL, Abel L. Genetic dissection of immunity to

mycobacteria: the human model. Annu Rev Immunol.
2002;20:581-620.

. Tanir G, Dogu F, Tuygun N, Ikinciogullari A, Aytekin C, Aydemir C,

Yuksek M, Boduroglu EC, de Beaucoudrey L, Fieschi C, Feinberg
J, Casanova JL, Babacan E. Complete deficiency of the IL-12
receptor betal chain: three unrelated Turkish children with
unusual clinical features. Eur J Pediatr. 2006;165:415-7.

. de Beaucoudrey L, Samarina A, Bustamante J, Cobat A,

Boisson-Dupuis S, Feinberg J, Al Muhsen S, Janniere L, Rose
Y, Desurenaim M, Kong XF, Filipe-Santos O, Chapgier A, Picard
C, Fischer A, Dogu F, Ikinciogullari A, Tanir G, Al Hajjar S,
Al Jumaah S, Frayha HH, AlSum Z, Al Ajaji S, Alangari A, Al-
Ghonaium A, Adimi P, Mansouri D, Ben Mustapha I, Yancoski
J, Garty BZ, Rodriguez-Gallego C, Caragol I, Kutukculer N,
Kumararatne DS, Patel S, Doffinger R, Exley A, Jeppsson O,
Reichenbach J, Nadal D, Boyko Y, Pietrucha B, Anderson S, Levin
M, Schandene L, Schepers K, Efira A, Mascart F, Matsuoka M,
Sakai T, Siegrist CA, Frecerova K, Bluetters-Sawatzki R, Bernhoft
J, Freihorst J, Baumann U, Richter D, Haerynck F, De Baets F
Novelli V, Lammas D, Vermylen C, Tuerlinckx D, Nieuwhof C, Pac
M, Haas WH, Muller-Fleckenstein I, Fleckenstein B, Levy J, Raj R,
Cleary Cohen A, Lewis DB, Holland S, Yang KD, Wang X, Wang
W, Jiang L, Yang X, Zhu C, Xie, Y, Pui Wah Lee P, Chan KW, Chen
TX, Castro G, Ivelisse N, Codoceo A, King A, Bezrodnik L, Di
Giovani D, Gaillard MI, de Moraes-Vasconcelos D, Grumach AS,
da Silva Duarte AJ, Aldana R, Espinosa-Rosales FJ, Bejaoui M,
Bousfiha AA, El Baghdadi J, Ozbek N, Aksu G, Keser M, Somer
A, Hatipoglu, N, Aydogmus C, Asilsoy S, Camcioglu Y, Gulle
S, Ozgur TT, Ozen M, Oleastro M, Bernasconi, A, Mamishi S,
Parvaneh N, Rosenzweig S,Barbouche R, Pedraza S, Lau YL,
Ehlayel MS, Fieschi C, Abel L, Sanal O, Casanova JL. Revisiting
human IL-12RB1 deficiency: a survey of 141 patients from 30
countries. Medicine (Baltimore). 2010;89:381-402.

. Aksu G, Tirpan C, Cavusoglu C, Soydan S, Altare F, Casanova

JL, Kutukculer N. Mycobacterium fortuitum-chelonae complex
infection in a child with complete interleukin-12 receptor beta
1 deficiency. Pediatr Infect Dis J. 2001;20:551-3.

. Asilsoy S, Bilgili G, Turul T, Dizdarer C, Kalkan S, Yasli H, Can D,

Genel F, Sanal O. Interleukin-12/-23 receptor beta 1 deficiency

J Investig Allergol Clin Immunol 2011; Vol. 21(5): 401-404



404

C Aytekin, et al

10.

11.

12.

13.

14.

15.

in an infant with draining BCG lymphadenitis. Pediatr Int.
2009;51:310-2.

Ozbek N, Fieschi C, Yilmaz BT, de Beaucoudrey L, Demirhan B,
Feinberg J, Bikmaz YE, Casanova JL. Interleukin-12 receptor beta
1 chain deficiency in a child with disseminated tuberculosis.
Clin Infect Dis. 2005;40:e55-8.

Sanal O, Turul T, De Boer T, Van de Vosse E, Yalcin |, Tezcan
[, Sun C, Memis L, Ottenhoff TH, Ersoy F Presentation of
interleukin-12/-23 receptor betal deficiency with various
clinical symptoms of Salmonella infections. J Clin Immunol.
2006;26:1-6.

Pedraza-Sanchez S, Herrera-Barrios MT, Aldana-Vergara R,
Neumann-Ordofiez M, Gonzélez-Hernandez Y, Sada-Diaz E, de
Beaucoudrey L, Casanova JL, Torres-Rojas M. Bacille Calmette-
Guérin infection and disease with fatal outcome associated
with a point mutation in the interleukin-12/interleukin-23
receptor beta-1 chain in two Mexican families. Int J Infect Dis.
2010;14 Suppl 3:256-60.

Moraes-Vasconcelos D, Grumach AS, Yamaguti A, Andrade
ME, Fieschi C, de Beaucoudrey L, Casanova JL, Duarte AJ.
Paracoccidioides brasiliensis disseminated disease in a patient
with inherited deficiency in the betal subunit of the interleukin
(IL)-12/1L-23 receptor. Clin Infect Dis. 2005;41:e31-7.

Sanal O, Turkkani G, Gumruk F, Yel L, Secmeer G, Tezcan |, Kara A,
Ersoy F. A case of interleukin-12 receptor beta-1 deficiency with
recurrent leishmaniasis. Pediatr Infect Dis J. 2007;26:366-8.
Cérdenes M, Angel-Moreno A, Fieschi C, Sologuren I, Colino E,
Molinés A, Garcia-Laorden MI, Campos-Herrero MI, Anddjar-

J Investig Allergol Clin Immunol 2011; Vol. 21(5): 401-404

16.

17.

Sanchez M, Casanova JL, Rodriguez-Gallego C. Oesophageal
squamous cell carcinoma in a young adult with IL-12R beta 1
deficiency. ] Med Genet. 2010;47:635-7.

Toyoda H, Ido M, Nakanishi K, Nakano T, Kamiya H, Matsumine
A, Uchida A, Mizutani H, de Beaucoudrey L, Vogt G, Boisson-
Dupuis S, Bustamante J, Casanova JL, Komada Y. Multiple
cutaneous squamous cell carcinomas in a patient with
interferon gamma receptor 2 (IFN gamma R2) deficiency. J Med
Genet. 2010;47:631-4.

Bousfiha A, Picard C, Boisson-Dupuis S, Zhang SY, Bustamante
J, Puel A, Jouanguy E, Ailal F, EI-Baghdadi J, Abel L, Casanova JL.
Primary immunodeficiencies of protective immunity to primary
infections. Clin Immunol. 2010;135:204-9.

I Manuscript received September 17, 2010; accepted for
publication January 13, 2011.

Caner Aytekin

Dr. Sami Ulus Children’s Health and Diseases
Training and Research Center

06080 Ankara, Turkey

E-mail: caneraytekin@yahoo.com

© 2011 Esmon Publicidad



