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Abstract

Background: Mendelian susceptibility to mycobacterial disease (MSMD) is a rare primary immunodeficiency, caused 
by non-tuberculous mycobacteria or Bacillus Calmette-Guerin (BCG) vaccine and characterized by severe diseases in 
childhood. 

Objective: In this study, we examined eight years followed-up 12 Turkish children with genetically proven MSMD and 
we tried to evaluate the survival rate with succesfull disease management, rate of consanguinity, molecular, cellular and 
clinical features of patients. In addition, we wanted to emphasize the importance of early diagnosis before administra-
tion of BCG vaccine in countries where this vaccine is routinely used.

Methods: Twelve patients diagnosed with molecular studies [IFNγR1 complete (n = 1), IFNγR2 partial (n = 3), IL-
12Rβ1 (n = 6), NEMO (n = 1), STAT1 mutation (n = 1)] were included. 

Results: Ten patients (83%) were born from consanguineous parents and frequency of family history for the primary 
immunodeficiency was 58% (n = 7). All the cases had been immunized with BCG vaccine (Mycobacterium bovis) due 
to lack of early diagnosis. Two patients had BCG-itis and four patients had “BCG-osis”. Survival rate was 75% after suc-
cessful disease management with antibiotics, anti-tuberculous agents and recombinant IFN-γ. 

Conclusion: It was concluded that MSMD must be differentiated from different forms of primary immunodeficiencies, 
so clinicians should be aware of MSMD especially in patients with BCG vaccine complications and non-tuberculous 
mycobacterial infection.

Key words: mendelian susceptibility to mycobacterial disease, primary immunodeficiency, consanguinity, BCG vaccine, 
IL12Rβ1 deficiency
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Introduction
Mendelian Susceptibility to Mycobacterial Disease 

(MSMD) is a rare inherited condition classified on the IUIS 
(International Union of Immunology Societies) Primary Im-
munodeficiency Disease (PID) classification as VIth group (In-
trinsic and Innate Immunity) and characterized by selective 
susceptibility to weakly virulent mycobacteria which includes 
Bacillus Calmette-Guerin (BCG) vaccines, non-tuberculous 
environmental mycobacteria (EM), and salmonella.1,2 

The disease mostly begins in childhood and has various 
clinical manifestations, ranging from regional to disseminat-
ed infections with one or more mycobacterial species, mostly 
with environmental mycobacteria and infant BCG vaccination 
complications. Immunosuppressed patients are vulnerable to 
adverse complications of the BCG vaccine, a condition rang-
ing from regional disease (BCG-itis) to disseminated disease 
(BCG-osis).3 As some PIDs are remained undiagnosed until
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the appearance of the presumed complications, clinicians 
should be alert for MSMD warning signs after the most com-
mon PIDs predisposing to mycobacterial diseases (severe 
combined immunodeficiency, combined immunodeficiency, 
and chronic granulomatous disease) were ruled out.4 MSMD 
patients are also vulnerable to extrapulmonary infections by 
Mycobacterium tuberculosis and mild forms of chronic muco-
cutaneous candidiasis.5,6 Infections caused by various bacteria, 
fungi, parasites, and viruses have also been reported.1

The pathogenesis mostly depends on gene mutations lead 
to either insufficient production or inadequate response to 
IFN-γ which is mandatory for an efficient immune response 
to Mycobacteria species.7,8 An intact IL12/23-IFNγ circuit 
phosphorylates macrophage intracytoplasmic signal transduc-
ers and activators of transcription-1 (STAT1) to upregulate 
specific genes to kill mycobacteria. Infected macrophages of 
healthy individuals produce IL-12 and IL-23 which bind to 
their receptors on the surfaces of T and NK cells with high 
affinity, leading ultimately to IFN-γ secretion by these cells. 
IFN-γ then binds its receptor on the macrophage and acti-
vates genes including IL-12 and the respiratory burst NADPH 
oxidase system which will allow the macrophage to kill the 
ingested bacteria.9,10 The mutations which lead to a defect in 
IFN-γ or receptors or signal transduction pathways on IL12/ 
23 axis will lead to an incomplete response to mycobacterial 
infections.11,12 

Since the discovery of its first genetic etiology in 1996, 
23 genetic etiologies have been found in MSMD patients 
(15 autosomal recessive- AR, 6 autosomal dominant- AD, 
and 2 X-linked recessive- XR) which are partial or complete 
defects located on different genes (IFNγR1, IFNγR2, IL-
2Rβ1, IL12Rβ2, IL23R, IL-12β, ISG15, STAT1, TYK2, IRF8, 
CYBB, NEMO, SPPL2A).1,13,14,15 Human mutations in IF-
NγR1, IFNγR2, and STAT1 impair the cellular response to 
IFN-γ, whereas mutations in IL12β and IL12Rβ1 impair the 
IL-12/23-dependent production of IFN-γ.2 

In general, the spectrum of the diseases may range from 
milder defects as IL12Rβ1 deficiencies in which patients can 
be treated with “exogenous human recombinant IFN-γ” in 
addition to antibiotics, to complete IFNγR deficiencies that 
can result in death if hematopoietic stem cell transplantation 
(HSCT) is not performed. So, herein, we aimed to present 
clinical, laboratory and molecular characteristics of twelve 
Turkish MSMD patients, to draw attention to the importance 
of early diagnosis to prevent the BCG vaccine complications 
and we tried to evaluate the survival rate with successful dis-
ease management in long term follow-up. 

mycobacterial disease resistant to therapy, microbiological 
evidence of Salmonella, and BCG vaccination complication 
history had been included in this study group. Patients with 
lymph node involvement alone without systemic involvement 
were considered to have BCG-itis and those with both lymph 
node involvement and systemic involvement were considered 
to have BCG-osis. 

Laboratory investigations at admission including whole 
blood count (Cell-Dyn Ruby hemocounter; Abbott Diagnos-
tics, USA), immunoglobulin levels (IgG, IgM, IgA by BNII 
nephelometry, Siemens, Germany), immunophenotyping of 
T, B, and Natural Killer cells (CD3%, CD4%, CD8%, CD19%, 
and CD16-CD56% by FacsCalibur flow cytometry, Becton 
Dickinson, USA) were performed in Immunology Laborato-
ry and bacteriological/ serological analyses were performed 
in Laboratories of Microbiology Department, Ege University, 
Turkey. Genetic analyses (sequence analysis n = 6, whole ex-
ome sequencing n = 4, targeted next generation sequencing n 
= 2) were performed to confirm the disease in different cen-
ters. The study was approved by the ethics committee and no 
financial support was received. The written informed consent 
was obtained from parents.

Statistical analysis
Statistical analyses were performed by using SPSS Win-

dows Version 16.0 (SPSS Inc., USA). Descriptive and frequen-
cy analyses were used, the results were expressed as mean±-
standard deviation and percentage. 

Patients and Methods
Twelve patients (8 boys and 4 girls) that had been fol-

lowed-up for various PID clinical phenotypes and diagnosed 
as MSMD in Department of Pediatric Immunology, Ege Uni-
versity, Turkey were evaluated. All recorded data such as de-
mographic characteristics (name, sex, date of birth, age at 
onset of symptoms, age at admission, age at diagnosis), his-
tory of PID disease symptoms, family history, consanguini-
ty, molecular examinations, treatments, and prognosis were 
collected. Patients with atypical mycobacterial infections,

Results
In this study, twelve MSMD patients (8 boys and 4 girls) 

with a mean age of 12.0 ± 7.36 years (1.5-26) were enrolled 
and have been followed-up for various PID phenotypes. The 
mean follow-up time of the patients was about 92.2 ± 62.6 (3- 
218) months. Table 1 summarizes all demographic features, 
clinical and laboratory manifestations of patients. The mean 
ages at initiation of symptoms, at admission and at diagnosis 
were 16.2 ± 26.6 (1‐96), 42.5 ± 38.6 (4‐120) and 47.3 ± 39.6 
(12‐120) months, consecutively. 

Ten patients (83%) were born from consanguineous par-
ents and the frequency of family history for the primary im-
munodeficiency was 58% (n = 7). All patients (100%) had a 
recurrent respiratory infection since early infancy and 33% of 
patients (n = 4) had chronic diarrhea. 3 of the patients (25%) 
had failure to thrive. On physical examination, the most 
frequent pathological findings were lymphadenitis (75%),  
hepatosplenomegaly (66%), generalized lymphoproliferation 
(41%), eczema (8%) and edema (8%). All the cases had been 
immunized with the BCG vaccine (Mycobacterium bovis) due 
to a lack of early diagnosis. Two patients had BCG-itis and 
four patients had “BCG-osis” due to disseminated infection 
(Table 1, case 1, 2, 8 and 12). Laboratory findings at the ad-
mission of all patients were summarized in Table 2 and 11 
patients had shown hypergammaglobulinemia. Molecular di-
agnostic distributions were also as follows; IFNγR1 complete 
defect (n = 1), IFNγR2 partial defect (n = 3), IL12Rβ1 defect 
(n = 6), NEMO defect (n =1) and STAT1 defect (n =1) (Table 
1), respectively.
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Turkish children with MSMD

Microorganisms that were isolated from lymph nodes, 
bone marrow, blood, and other tissues during follow-up were 
summarized in Table 1. Mycobacterium bovis was isolat-
ed from three patients with IFN-γ defect (cases 1, 2, 4), two 
patients with IL12Rβ1 (cases 8, 10) and NEMO defect (case 
12) Salmonella infections were detected mainly in IL12Rβ1 
defected patients (cases 5, 6, 8). Other viral and parasitic in-
fections were also detected in some of the cases. Varicella-Zos-
ter virus (case 1), Cytomegalovirus (case 2) and Giardia (case 
7) infections were also seen. Leukocytoclastic vasculitis was 
observed in two cases (IL12Rβ1 defect; cases 5, 8) and gran-
ulomatous dermatitis was found in one patient (IFNγR1 de-
fect; case 1). Splenectomy has been performed in two patients 
because of hypersplenism (cases 7, 8). One IL12Rβ1 defected 
male patient had common neck lesions and molluscum conta-
giosum was isolated from his skin culture (case 9).

Patients were followed-up with prophylactic anti-tubercu-
lotic treatment and five IL12Rβ1 and one NEMO defected pa-
tients underwent regular recombinant IFN-γ treatment. One 
patient who had symptoms of Hyper IgE syndrome on ad-
mission found to have IL12Rβ1 defect (case 9) and benefited 
from regular IVIG therapy. One female STAT1 defected pa-
tient (case 11) who was included in the HSCT scanning pro-
gram also had regular IVIG replacement. Three out of twelve 
patients died; one case with IFNγR1 complete defect (case 1) 
deceased after hematopoietic stem cell transplantation at the 
age 6, one IL12Rβ1 defected patient (case 7) died after sepsis 
at the age of 17 years and one NEMO defected patient (case 
12) deceased after disseminated BCGosis and sepsis at the age 
of 2 years. 

Discussion
The communication between innate and adaptive immuni-

ty, mediated by IFN-γ and IL-12, plays a very important role 
in the control of infections by mycobacteria and other intra-
cellular bacteria. MSMD, or now known as ‘inborn defects of 
the IL-12/IFN-γ axis’’ have warning signs ranging from re-
gional to disseminated infections with one or more mycobac-
terial species.3 National vaccination programs that have a vital 
role in public health may endanger the lives of PID infants es-
pecially in countries with high rate consanguineous marriages 
as in our country. BCG is a live attenuated bacterial vaccine 
that protects children from miliary tuberculosis and tubercu-
losis meningitis. BCG inoculation is necessary for countries 
with a high incidence of tuberculosis but has high mortality 
in patients with PID. So, awareness is particularly important 
in countries with high BCG coverage at birth and a high prev-
alence of consanguinity.3,4,16 

In this study, we summarized our twelve patients that 
have been followed- up for PID for many years (mean 92.2 
± 62.6 months) and genetically diagnosed as MSMD disease. 
Ten of them were born from consanguineous parents and all 
of the cases had been immunized with the BCG vaccine due 
to lack of early diagnosis. Early-onset of the symptoms at-
tracted attention [16.2 ± 26.6 (1‐96) months], but the delay 
time for diagnosis was about 33.3 ± 33.7 (5-101) months. As 
a result, patients had been exposed to many infections during 
this period. All patients had recurrent respiratory infections 

since early infancy and 33% of patients had chronic diarrhea. 
Two patients had BCG-itis and four patients had “BCG-osis” 
history and clinical findings following vaccination. 

In our patient group, the most frequent molecular defect 
was IL12Rβ1 defect (n = 6) (Table 1) similar to literature, but 
IFNγR2 partial defect (n = 3) was more seen than IFNγR1 
complete defect (n = 1) unlike current literature.1,17 

AR complete IL12Rβ1 deficiency is the most common 
type of MSMD and our six patients had IL12Rβ1 defect.1,17 
Tan et al. had previously reported eighteen IL12Rβ1 defected 
children from Turkey in 2016.18 This defect results in a lack 
of expression or non-functional IL12Rβ1 and therefore, NK 
cells and activated T cells are unable to exert an appropri-
ate immune response to intracellular pathogens in these pa-
tients.9 Literature suggests the presence of IL-12Rβ1 deficiency 
should be determined in children with mycobacterial infec-
tions at least in countries with a high prevalence of parental 
consanguinity.19 On the other hand, as IL-12Rβ1 deficiency 
was also the first PID to be associated with classic pediatric 
tuberculosis in children with normal resistance to BCG and 
EM, therefore, should probably be suspected in any patient 
with an unusual infection with intracellular pathogens even 
in the absence of parental consanguinity.9,20 In a Chinese co-
hort, 73% of the MSMD patients with BCG infection had 
IL-12Rβ1 defect and only one patient was born from consan-
guineous parents.21 M. tuberculosis complex, M. gardenea, M. 
avium intracellulare, M. chelonae, M. bovis were isolated from 
our patients (Table 1). IL12Rβ1 defected patients commonly 
suffer from salmonella and, to a lesser extent, candida infec-
tions, but not usually present with viral infections.1,9,22 In this 
study group, non-typhoidal salmonella infection was observed 
mainly in three of our patients (cases 5, 6, 8) and giardia in-
fection was detected in one child (case 7). 

The clinical phenotype of the patients with AR complete 
IFNγR1 deficiency is characterized by early-onset, disseminat-
ed, life-threatening infections with BCG and/or EM (includ-
ing species such as M. chelonae, M. fortuitum, etc.) and infec-
tions typically begin before three years of age.22 Our patient 
(case 1) had symptoms at sixth months. M. bovis, M. avium 
intracellulare and M. fortuitum were isolated in lymph node 
preparations (Table 1). This group of patients are more prone 
to viral diseases and our case had Varicella-Zoster virus in-
fection.1 The overall prognosis is poor and HSCT is the only 
known curative treatment.22 Our male case had granuloma-
tous dermatitis during follow- up and deceased after HSCT 
complicated by a sepsis attack at the age of six years. 

On the other hand, AR partial IFNγR1 deficiency patients 
express the receptor on their cell surface but display an im-
paired response to high concentrations of IFN-γ with less 
severe clinical phenotype than that of the completed form 
and treatment with antibiotics and IFN-γ for several years is 
necessary to control the infections.1,23 The clinical features of 
the AD partial IFNγR1 deficiency are less severe than com-
pleted form also and in the 72% of the patients, the infections 
affect the bone and some patients even develop osteomyelitis 
with no other organ involvement.22 In completed IFNγR2 de-
ficiencies, the response to IFN-γ is abolished and the clinical 
presentation resembles that of completed IFNγR1 deficiency, 
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manifests in early childhood, with poorly defined and multi-
bacillary granulomas and HSCT is the only curative treatment 
for these patients.22 

In partial IFNγR2 deficiencies, patients have weak IFNγR2 
expression on the cell surface and mycobacterial infections are 
caused mostly by BCG, M. abscessus, M. bovis, M. elephantis, 
M. fortuitum, and M. simiae.22 In our patients, M. bovis (cases 
2, 3, 4) and M. elephantis (case 3) were isolated from lymph 
nodes (Table 1). Case 2 had also Cytomegalovirus infection 
during follow-up. Antibiotics are an effective treatment for in-
fection in these patients with or without recombinant IFN-γ. 
Our patients were treated with antibiotics and anti-tubercu-
lotic treatment.

During clinical follow-up, various complications were also 
observed. One patient (case 7) had granulomatous hepatitis. 
Leukocytoclastic vasculitis was observed in two cases (IL-
12Rβ1 defect; cases 5, 8) and splenectomy was performed in 
two patients because of hypersplenism (cases 7, 8). One IL-
12Rβ1 defected male patient who had symptoms of Hyper 
IgE syndrome on admission had common neck lesions (case 
9). Molluscum contagiosum virus was isolated from the skin 
culture and this patient benefited from regular IVIG therapy. 
The other five IL12Rβ1 defected patients followed- up with 
prophylactic anti-tuberculotic and regular recombinant IFN-γ 
treatment and one of them (case 7) deceased after sepsis at-
tack at the age of 17 years. 

AD STAT1 deficiency was first described in 2001 in two 
kindreds with MSMD and STAT1 gain of activity was first de-
scribed in 2011, in patients with chronic mucocutaneous can-
didiasis.1 The defect of the cellular IFN-γ response is partial, 
accounting for the relatively good prognosis of infections and 
the disease outcome is good, as no death related to MSMD 
has been reported in patients with AD STAT1 mutations.1 Our 
case with STAT1 GOF mutation (case 11) had presented with 
a combined immunodeficiency phenotype at admission with a 
predisposition to various infections with bacteria, viruses, and 
fungi.24 As IFN-γ and IFN-α induced STAT1 phosphorylation 
is enhanced in GOF STAT1 mutations, impaired response to 
IFN restimulation may be the cause of increased susceptibil-
ity to infections.24 Positive mycobacterial evidence could not 
be confirmed during follow-up and molecular genetic analy-
ses finally revealed the Th17-IL17 pathway defect. Sometimes 
mycobacterium isolation may be impossible in patients with 
immune deficiency; so, in this case, clinical, laboratory, and 
X-ray find¬ings which show regression with anti-tuberculotic 
treatment may help the diagnosis of mycobacterial disease.25 
Our female case is included in unrelated donor searching for 
HSCT because of recurrent infections.

XR NEMO deficiencies have been reported to have rela-
tively mild disease and better prognosis.26,27 But our male case 
(case 12) showed initial symptoms in the fifth month, and 
during follow-up, he had brain abscess and deceased after a 
sepsis attack at the age of 2 years. 

The mean follow-up time for these patients was approxi-
mately eight years and 75% survived after successful disease 
management with antibiotics, anti-tuberculous agents and 
recombinant IFN-γ. In conclusion, MSMD may be masked 
with different forms of PIDs, so clinicians should be aware of 
MSMD especially in patients with BCG vaccine complications

and non-tuberculous mycobacterial infection. The detection 
of the genetic defect is necessary to offer the best treatment 
options and genetic counseling, and therefore to decrease 
mortality. An increasingly-used approach for the evaluation 
of MSMD is to start with next-generation sequencing either 
with a gene panel or with whole exome/genome sequencing 
and then to perform functional tests to confirm the observed 
mutations. Early HSCT should be performed in IFNγR com-
pleted defects before the development of complications and 
the patients with other MSMD must be followed-up and treat-
ed regularly to obtain a high survival rate.

References
1.	 Bustamante J, Boisson-Dupuis S, Abel L, Casonova JL. Mendelian  

susceptibility to mycobacterial disease: genetic, immunological, and  
clinical features of inborn errors of IFN-gamma immunity. Semin  
Immunol. 2014;26:454-70.

2.	 Rosain J, Kong XF, Martinez-Barricarte R, Oleaga-Quintas C, Ramirez 
-Alejo N, Markle J, et al. Mendelian susceptibility to mycobacterial  
disease: 2014-2018 update. Immunol Cell Biol. 2019;97(4):360-7.

3.	 Norouzi S, Aghamohammadi A, Mamishi S, Rosenzweig SD, Rezaei N. 
Bacillus Calmette-Guerin (BCG) complications associated with primary 
immunodeficiency diseases. J Infect. 2012;64(6):543-54.

4.	 Reichenbach J, Rosenzweig S, Doffinger R, Dupuis S, Holland SM,  
Casanova JL. Mycobacterial diseases in primary immunodeficiencies. 
Curr Opin Allergy Clin Immunol. 2001;1:503-11.

5.	 Boisson-Dupuis S, Bustamante J, El-Baghdadi J, Camcioglu Y, Parvaneh 
N, El Azbaoui S, et al. Inherited and acquired immunodeficiencies  
underlying tuberculosis in childhood. Immunol Rev. 2015;264(1):103-20.

6.	 Ouederni M, Sanal O, Ikinciogullari A, Tezcan I, Dogu F, Sologuren I, et 
al. Clinical features of candidiasis in patients with inherited interleukin 
12 receptor beta1 deficiency. Clin Infect Dis. 2014;58(2):204-13.

7.	 Ramirez-Alejo N, Santos-Argumedo L. Innate defects of the IL-12/
IFN-gamma axis in susceptibility to infections by mycobacteria and  
salmonella. J Interferon Cytokine Res. 2014;34(5):307-17.

8.	 Sarrafzadeh SA, Mahloojirad M, Nourizadeh M, Casanova JL, Pourpak 
Z, Bustamante J, et al. Mendelian susceptibility to mycobacterial disease 
due to IL12Rβ1 deficiency in three Iranian children. Iran J Public Health. 
2016;45(2):249-54.

9.	 de Beaucoudrey L, Samarina A, Bustamante J, Cobat A, Boisson-Dupuis 
S, Feinberg J, et al. Revisiting human IL-12Rbeta1 deficiency: a survey 
of 141 patients from 30 countries. Medicine (Baltimore). 2010;89(6): 
381-402. 

10.	 Lee J, Kornfeld H. Interferon-γ regulates the death of m. tuberculosis 
-infected macrophages. J Cell Death. 2010;3:1-11.

11.	 Newport MJ, Huxley CM, Huston S, Hawrylowicz CM, Oostra BA,  
Williamson R, et al. A mutation in the interferon-gamma-receptor  
gene and susceptibility to mycobacterial infection. N Engl J Med. 1996; 
335:1941-9.

12.	 Storgaard M, Varming K, Herlin T, Obel N. Novel mutation in the  
interferon-gamma-receptor gene and susceptibility to mycobacterial  
infections. Scand J Immunol. 2006;64:137-9.

13.	 Jouanguy E, Altare F, Lamhamedi S, Revy P, Emile JF, Newport M, et 
al. Interferon-gamma-receptor deficiency in an infant with fatal bacille 
Calmette-Guerin infection. N Engl J Med. 1996;335:1956-61.

14.	 Esteve-Sole A, Sologuren I, Martinez-Saavedra MT, Deya-Martinez A, 
Oleaga-Quintas C, Martinez-Barricarte R, et al. Laboratory evaluation of 
the IFN-γ circuit for the molecular diagnosis of Mendelian susceptibility 
to mycobacterial disease. Crit Rev Clin Lab Sci. 2018;55(3):184-204.

15.	 Sarrafzadeh SA, Nourizadeh M, Mahloojirad M, Fazlollahi MR,  
Shoormasti RS, Badalzadeh M, et al. Molecular, immunological, and 
clinical features of 16 Iranian patients with Mendelian susceptibility to  
mycobacterial disease. J Clin Immunol. 2019;39:287-97.

Acknowledgement
This work was partly supported by The Jeffrey Modell 

Foundation (JMF). The authors thank for their precious sup-
port.



Turkish children with MSMD

16.	 Sadeghi-Shanbestari M, Ansarin K, Maljaei SH, Rafeey M, Pezeshki 
Z, Kousha A, et al. Immunologic aspects of patients with disseminated  
bacille Calmette-Guerin disease in north-west of Iran. Ital J Pediatr. 
2009;35:42.

17.	 Filipe-Santos O, Bustamante J, Chapgier A, Vogt G, de Beaucoudrey 
L, Feinberg J, et al. Inborn errors of IL-12/23-and IFN-γ-mediated  
immunity: molecular, cellular, and clinical features. Semin Immunol. 
2006; 18(6):347-61.

18.	 Tan C, Ayvaz DC, Metin A, Keskin O, Tezcan I, Sanal O. Clinical and 
genetic features of IL12Rb1 deficiency: Single center experience of 18  
patients. Turk J Pediatr. 2016;58:356-61.

19.	 Dizaj MA, Mortaz E, Mahdaviani SA, Mansouri D, Mehrian P, Verhard 
EM, et al. Susceptibility to mycobacterial disease due to mutations in  
IL-12Rβ1 in three Iranian patients. Immunogenetics. 2018;70:373-9.

20.	 Nekooie-Marnany N, Deswarte C, Ostadi V, Bagherpour B, Taleby E, 
Ganjalikhani-Hakemi M, et al. Impaired IL-12- and IL-23-mediated  
immunity due to IL-12Rβ1 deficiency in Iranian patients with Mendelian 
susceptibility to mycobacterial disease. J Clin Immunol. 2018;38:787-93.

21.	 Ying W, Liu D, Dong X, Wang W, Hui X, Hou J, et al. Current status of 
the management of Mendelian susceptibility to mycobacterial disease in 
Mainland China. J Clin Immunol. 2019;39(6):600-10.

22.	 Dorman SE, Picard C, Lammas D, Heyne K, van Dissel JT, Baretto R, et 
al. Clinical features of dominant and recessive interferon gamma receptor 
1 deficiencies. Lancet. 2004;364(9451):2113-21.

23.	 Sologuren I, Boisson-Dupuis S, Pestano J, Vincent QB, Fernandez-Perez 
L, Chapgier A, et al. Partial recessive IFN-gammaR1 deficiency: genetic,  
immunological and clinical features of 14 patients from 11 kindreds. 
Hum Mol Genet. 2011;20(8):1509-23.

24.	 Eren Akarcan S, Ulusoy Severcan E, Edeer Karaca N, Isik E, Aksu G,  
Migaud M, et al. Gain-of-Function Mutations in STAT1: A Recently  
Defined Cause for Chronic Mucocutaneous Candidiasis Disease  
Mimicking Combined Immunodeficiencies. Case Reports Immunol. 2017; 
2017:2846928.

25.	 Ulusoy E, Edeer Karaca N, Aksu G, Cavusoglu C, Kutukculer N.  
Frequency of Mycobacterium bovis and mycobacteria in primary  
immunodeficiencies. Turk Pediatri Ars. 2017;52(3):138-44.

26.	 Hoshina T, Takada H, Sasaki-Mihara Y, Kusuhara K, Ohshima K, Okada S, 
et al. Clinical and host genetic characteristics of Mendelian susceptibility  
to mycobacterial diseases in Japan. J Clin Immunol. 2011;31:309-14.

27.	 Filipe-Santos O, Bustamante J, Haverkamp MH, Vinolo E, Ku CL, Puel 
A, et al. X-linked susceptibility to mycobacteria is caused by mutations 
in NEMO impairing CD40-dependent IL-12 production. J Exp Med. 
2006;203:1745-59.


