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Abstract
Mendelian susceptibility to mycobacterial disease (MSMD) is a group of genetic disorders characterized
by a defect in interferon γ (IFN γ)–mediated immunity, with predisposition to infections caused by
atypical and low virulent mycobacteria and other intra-macrophagic organisms like Salmonella,
Klebsiella, Listeria etc. A 10-year-old boy, second born of a consanguineously (third-degree) married
Indian couple, presented with left inguinal and submandibular lymphadenopathy with low grade fever for
10 days. Past history was signi�cant as the child had been unwell from infancy. At the age of 4 months
and 5 years, he was diagnosed to have tubercular axillary lymphadenitis and was treated with anti-
tubercular drugs on each occasion and he responded to the same. On examination, he had left
submandibular and inguinal lymphadenopathy and mild splenomegaly. Chest radiograph showed
enlarged mediastinal nodes. He underwent left inguinal lymph node biopsy that reported granulomatous
lymphadenitis. However, culture from the biopsy showed a growth of Salmonella enterica sensitive to
ceftriaxone. Genetic evaluation showed pathogenic homozygous mutation c.1791 + 2T > G in exon 15 of
IL12Rß1 gene by whole exome sequencing. A diagnosis of Mendelian Susceptibility to Mycobacterial
Disease (MSMD) was established and he was treated with intravenous ceftriaxone followed by oral
ce�xime. He responded promptly and lymphadenopathy resolved. He is currently being maintained on
azithromycin prophylaxis. Children and adults presenting with disseminated infections with atypical
mycobacteria and salmonella must be evaluated for MSMD. Disseminated salmonellosis is a peculiar
manifestation in IL12Rß1 de�ciency. A detailed review of literature on IL12RB1 de�ciency was performed.
Index case has been discussed in light of the previously published literature.

Introduction
Mendelian Susceptibility to Mycobacterial diseases (MSMD), also known as Inborn Errors of IFN-γ
immunity (IEI) are a group of innate immune defects, characterized by a predisposition to infections
caused by atypical and low virulent mycobacteria, such as the Bacillus Calmette Guerin (BCG) vaccines &
non-tuberculous environmental mycobacteria (EM). The term MSMD is a misnomer because these
individuals are also vulnerable to infections caused by other intra-macrophagic organisms (Klebsiella,
Listeria, nocardiosis), fungi (candidiasis, coccidioidomycosis, paracoccidiomycosis, histoplasmosis),
parasitic infections (Toxoplasmosis, Leishmaniasis) and viral infections (Cytomegalovirus, human
herpes virus 8, respiratory syncytial virus etc.) [1]. These defects have been localized to more than 17
genes and as many as 32 clinical phenotypes have been identi�ed [2], and IL12Rß1 de�ciency is the most
common cause of MSMD.

We describe a 10-year-old Indian boy with MSMD with a mutation in IL12Rß1 gene who presented with
recurrent tuberculosis & disseminated salmonella infection.

Methods
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The study was approved by the Ethical Committee of the institution and signed written informed
consents were obtained from the parents. A retrospective review of clinical records was performed. A
detailed clinical history including the age of presentation, symptoms, past history, family history and
�ndings on physical examination, laboratory �ndings and details of treatment taken were recorded.
Whole exome sequencing was performed on Next generation sequencing (NGS) platform. An extensive
review of literature of the cases of MSMD with a mutation in IL12Rß1 gene published from 2000 to 2021
was performed. Keywords like ‘Mendelian susceptibility to Mycobacterial Disease’, ‘MSMD’ and ‘IL12Rß1’,
were used to search literature on PubMed. Literature search showed a total of 25 publications including
case reports and full access papers. The clinical pro�le, micro-organisms isolated, treatment given and
outcome of 249 cases published was reviewed and data was compiled.

Case
A 10-year-old boy, second born of a consanguineously (third-degree) married Indian couple, presented
with left inguinal and submandibular lymphadenopathy with low grade fever for 10 days. Past history
was signi�cant as the child had been unwell from infancy. At the age of 4 months and 5 years, he had
developed left and right axillary lymphadenopathy respectively, associated with low grade fever. He had
been vaccinated with BCG (Bacillus Calmette Guerin) vaccine at birth. He was well until the age of 4
months, when he developed left axillary lymphadenopathy, however, it was not associated with any BCG
site reaction. He underwent a lymph node biopsy that showed features suggestive of tubercular
lymphadenitis and modi�ed Ziehl Neelsen (ZN) stain for acid fast bacilli was positive. He was diagnosed
to have BCG adenitis elsewhere and treated with isoniazid & rifampicin for 6 months and he responded to
the same.

At the age of 5 years, he developed isolated right axillary lymphadenopathy with low grade fever. Lymph
node biopsy reported features of tubercular lymphadenitis with presence of acid fast bacilli and he was
treated with a course of anti-tubercular therapy (ATT) for a duration of 6 months, to which, he responded
promptly. He also reported intermittent rashes over face and trunk from the age of 8 that had been treated
with topical medications. He had now presented with recurrence of lymphadenopathy and low grade
fever.

On examination, left submandibular and inguinal lymph nodes were enlarged (5x 6 cms), �rm, mobile and
tender. He also had mild splenomegaly. Chest radiograph showed enlarged mediastinal nodes.
Considering tuberculosis as a possibility, he underwent left inguinal lymph node biopsy that reported
granulomatous lymphadenitis (Figure S1,S2), however, tissue Gene X-pert and ZN stain were negative.
The biopsy culture on Matrix Assisted Laser Desorption Ionization-Time Of Flight (MALDI-TOF) reported
growth of Salmonella enterica subspecies enterica; sensitive to ceftriaxone.

Immunological evaluation showed hypergammaglobulinemia with preserved oxidative burst (Table S1).
Genetic evaluation showed pathogenic homozygous mutation c.1791 + 2T > G in exon 15 of IL12Rß1
gene by whole exome sequencing. A diagnosis of Mendelian Susceptibility to Mycobacterial Disease
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Discussion
Mendelian susceptibility to mycobacterial is a clinical syndrome, �rst described in 1951, that predisposes
apparently healthy individuals to infections caused by weakly virulent mycobacteria, such as BCG and
EM. However, these patients are also susceptible to infections by more virulent Mycobacterium
tuberculosis [3]. These diseases are caused due to a defect in the IL-12/IL-23/ISG15-Interferon-γ axis,
which is the principal immunological pathway for intra-macrophagic pathogens. The defect in Interferon
γ (IFN γ) - mediated signalling is characterized by decreased production or reduced response to IFN γ.

IL12Rß1 de�ciency is the most common cause of MSMD and accounts for 44% of the known genetic
etiologies. Mycobacterial infections are the most common infections observed in patients with IL-12Rβ1
de�ciency (BCG, M.avium, M. avium intracellulare complex, M. chelonae, M. fortuitum etc.) [1].
Vaccination with BCG is known to protect against subsequent infections with EM and recurrent infections
with BCG were reported to be relatively rare in these patients. Among the patients who were BCG-
vaccinated, 78% patients developed BCG disease [4]. The time period between the BCG vaccination and
the development of lymphadenitis in a case series of 10 patients was found to be 2 to 22 months [5].
Index case was vaccinated with BCG at birth and presented at 4 months with enlarged left axillary lymph
node diagnosed to be tubercular in origin, possibly BCG lymphadenitis.

IL12 pathway is also involved in protection against Salmonella species, and non-typhoid salmonellosis is
the second most common infection described in patients with IL12Rß1 de�ciency [6]. A recent study of
patients with IL-12Rβ1 de�ciency reported salmonellosis in 33.3% of the patients [7]. Staretz-Haham, et al
described a case who had six episodes of asymptomatic Salmonella bacteremia who was treated with
ceftriaxone on all occasions except for the last episode in which cipro�oxacin was added for 6 weeks [8].
Another case report of a young girl with 4 episodes of salmonella gastroenteritis was treated with third
generation cephalosporins during each episode and duration of therapy ranged from 7–14 days. During
the fourth episode a course of cipro�oxacin was given for 4 weeks followed by prophylaxis with
trimethoprim & sulfamethoxazole [6]. Salmonella bacilli was isolated from the lymph node biopsy in our
patient who presented only with low grade fever and lymphadenopathy in the absence of gastrointestinal
symptoms. He was treated with third generation cephalosporins for a prolonged duration of 8 weeks and
stool culture done prior to discontinuing antibiotics was reported sterile.

Interestingly, there are a few reports of patients with salmonella enteritidis infection who had skin biopsy
proven leukocytoclastic vasculitis that responded to antibiotic therapy [4, 9, 10]. Index case presented
with intermittent rashes over the face and trunk responsive to topical steroids, possibly a form of
cutaneous vasculitis.

Previous case series have reported varied clinical spectrum in patients with IL-12Rβ1 de�ciency.
Infections with various other intracellular organisms like Nocardia, Klebsiella, Candida, Cryptococcus,

(MSMD) was established and he was treated with intravenous ceftriaxone (4 weeks) followed by oral
ce�xime (4 weeks). He responded promptly and lymphadenopathy resolved over a period of 4 weeks. He
is currently maintained on azithromycin prophylaxis.
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Paracoccidiomycosis etc have also been reported in these patients [4, 5, 11]. The pro�le of previously
reported patients with IL-12Rβ1 de�ciency has been tabulated in Table S2.

Prognosis of patients with IL-12Rβ1 de�ciency is variable and cannot be completely attributed to the
underlying immune de�ciency. The overall mortality in these patients is 26% and is dependent on several
factors such as the age of presentation, the infectious agent and the therapeutics used. Early age of
presentation was found to be associated with poorer prognosis compared to patients presenting at a later
age. Infection with Salmonella species was found to be associated with a higher mortality rate up to 52%
compared to infections with EM (7%) [1]. Individuals with IL-12Rβ1 de�ciency treated with prolonged
courses of antibiotics and exogenous IFN γ were less likely to undergo surgical resection of the affected
areas. Hematopoietic Stem Cell transplantation (HSCT) though a curative option, is not indicated in all
patients and be considered in selected cases, especially in those in which there is an HLA-compatible
donor available within the family and in settings where IFN γ treatment is not readily available [1, 12]. It
must be noted that IFN γ therapy is not readily accessible in resource-limited settings like ours and the
index case is doing well on azithromycin prophylaxis.

Conclusions
Children and adults presenting with disseminated infections with atypical mycobacteria and salmonella
must be evaluated for MSMD. Disseminated salmonellosis is a peculiar manifestation in IL12Rß1
de�ciency. These patients need aggressive and long-term antibiotic therapy to eradicate Salmonella
infection.
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