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Abstract
We describe here a girl who was vaccinated at birth with BCG (Bacillus Calmette-Guérin) vaccine

according to national immunization schedule in Poland. After the age of 2.5 m.o., she developed dis-
seminated BCG infection. Primary immunodeficiencies (PID), such as severe combined immunodefi-
ciency (SCID), chronic granulomatous disease (CGD), hyper IgM syndrome (HIGM), hyper IgE syn-
drome (HIES) were excluded. The diagnostic tests exploring IFN-γ/IL-12 axis were performed. 
The 818del4, the most common basis of IFNGR1 deficiency was found.
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Introduction
Immunocompromised hosts such as children suffering

from primary immunodeficiencies (PID) or HIV-infected
individuals are especially prone to complications from
Bacillus Calmette-Guérin (BCG) vaccine or environmen-
tal mycobacteria (EM). Numerous cases of severe com-
bined immunodeficiency (SCID) patients who developed
disseminated BCG disease have been reported in associa-
tion with overhelming or life-threatening infections, such
as bacterial, viral, or fungal [1-3]. There are also some
reports on mycobacterial infections in patients with chron-
ic granulomatous disease (CGD), hyper-IgM syndrome
(HIGM) or hyper-IgE syndrome (HIES) [3-5]. In late 80’s

and 90’s of the past century the new group of rare congen-
ital primary immunodeficiency syndromes conferring a pre-
disposition to infections caused by mycobacteria was
described – Mendelian susceptibility to mycobacterial dis-
eases (MSMD). Affected individuals are prone to infections
caused especially by weakly virulent mycobacteria such as
BCG-vaccine or EM. They are also susceptible to more vir-
ulent mycobacteria such as Mycobacterium tuberculosis
[6-12]. In contrast to other PID the vast majority of MSMD
patients is resistant to other microbial infections. Howev-
er in up to 50% of them systemic salmonellosis – nonty-
phoidal is reported [1].

Six autosomal genes [IFNGR1 – interferon γ receptor 1,
IFNGR2 – interferon γ receptor 2, STAT1 – signal trans-
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ducer and activator of transcription 1, IL12RB1 – β1 chain
shared by receptors for interleukin (IL)-12 and IL-23, IL12B
– p40 subunit shared by IL-12 and IL-23, IRF8-interferon
regulatory factor 8] and two X-linked genes (NEMO –
nuclear factor-κB-essential modulator and CYBB-
cytochrome b β chain) were identified for MSMD group 
[1, 7, 9, 10, 14]. They display a high level of genetic and
allelic heterogeneity, with known mutations in 8 genes
accounting for existance of 15 distinct mendelian traits and
diseases.

Inherited IFN-γR1 deficiency was the first genetic eti-
ology of MSMD to be identified [1, 7, 11, 15]. The highest
degree of allelic heterogeneity confers IFNGR1 with four
different diseases in IFNGR1 complete deficiency with or
without surface expression of receptor or partial deficien-
cy which can display autosomal recessive (AR) or auto -
somal dominant (AD) inheritance [1, 7, 12, 13, 15]. The
most common deficiency in IFNGR1 is caused by domi-
nant IFNGR1 mutation, a microdeletion 818del4 [1, 11, 15].
This microdeletion results in the introduction of a prema-
ture stop codon into the proximal intracellular domain. The
cytoplasmic domain is truncated and lacks the motifs
required for signal transduction (Janus kinase-1 and Stat1)
and recycling, resulting in the abundant expression of
a dominant negative nonfunctional truncated IFN-γ recep-
tor on the cell surface, with no signal transduction [16, 17].
Clinically, the patients suffer from BCG or EM diseases,
specially osteomyelitis [1, 3, 11-13]. Sporadically infections
caused by intracellular bacteria such as Nocardia and Lis-
teria, intracellular pathogens such as Leishmania and Histo-
plasma capsulatum or some viruses like Herpes virus-8 are
encountered [7, 11, 18].

We present the case of a girl without remarkable histo-
ry with generalized BCG infection and heterozygous muta-
tion in IFNGR1 gene.

Case report
The patient was born in Poland in 2010 to unrelated,

healthy and young parents. The child was given BCG vac-
cine containing Brazilian strain (Biomed, Poland), as well
as hepatitis B vaccine at birth, according to the national
immunization program [19, 20]. Two months later she
received next vaccines against tetanus, pertussis, diphthe-
ria, poliomyelitis, Haemophilus influenzae and hepatitis B.
At the age of 3 months, the girl was admitted to the Chil-
dren’s Memorial Health Institute in Warsaw, Poland, due
to rash, enlarging axillary nodule, located close to BCG vac-
cination site since the age of 2.5 months old, accompanied
by fever and limitation of upper limb movements, that were
observed shortly before admission. No remarkable family
and perinatal history was revealed.

At admission, the general condition of girl was poor. She
presented with generalized rash, inflexible tumor of the
diameter 5 cm, in the region of left axilla. The liver and

spleen were markedly enlarged. Her upper left limb move-
ments were limited and seem to be painful. Laboratory tests
revealed the presence of an inflammatory process with leuko-
cytosis at 51 × 109/l (normal range: 4-10 × 109/l), with a dif-
ferential of 42% neutrophils, 35% lymphocytes, 11%
eosinophils, C-reactive protein – 5.34 mg/dl (normal range
< 0.5 mg/dl), fibrinogen – 4.64 g/l, erythrocyte sedimenta-
tion rate – 55 mm/hour. She was found to have anemia with
hemoglobin of 7.5 g/dl, slightly prolonged international nor-
malized ratio (INR – 1.48) without any other clotting abnor-
mal tests and normal platelet account. The blood cultures,
as well as nose, throat, urine were negative. The chest X-ray
showed parenchymal infiltration and atelectasis of the right
lung. Diagnosis of osteomyelitis was done on the basis of
bone X-rays of left femur and left humerus, confirmed by
scintigraphy (Fig. 1). Abdominal ultrasonography revealed
lymphadenopathy and focal lesions in the spleen. A gastric
aspirate was taken at three times and polymerase chain reac-
tion (PCR) was positive for DNA of M. tuberculosis com-
plex in one of them. A course of anti-tuberculous drugs (iso-
niazid, rifampicin) was administered immediately and further
antibiotics (clarithromycin, amikacin, ciprofloxacin) were
added consecutively for the next 6 months. The resolution
of fever, lesions in the spleen and improvement of child’s
general condition were obtained. Elevated inflammatory
parameters persisted. Despite such therapeutic management,
that caused some improvement at the beginning of the ther-
apy, the progressive infiltration of axillary lymph nodes with
enterocutaneous fistula was observed during next 4-6 weeks.
The child was seen several times by pneumonologist and
phthisiologist. Surgical debridement and drainage were final-
ly performed. Additional analyses of gastric aspirates and
material from fistula as well as from a lymph node were done.
Acid-fast stain showed mycobacteria belonging to M. tuber-
culosis complex specimen in fistula smear and lymph node
biopsy. Polymerase chain reaction was also positive in the
smear from fistula and lymph node. Quantiferon-TB Gold
test (Cellestis) – simple blood test to identify M. tuberculo-
sis, alternative to the Tuberculin Skin Test, was negative. No
positive cultures were obtained from all provided materials.
Cerebrospinal fluid analysis, magnetic resonance of brain,
computed tomography of chest did not reveal any features
of ongoing infection. Streptomycin and pyrazinamide were
added to the previous therapy with the gradual resolution of
changes of lymph nodes and fistula. Due to the history of
BCG vaccine, the suspicion of PID complicated by dissem-
inated BCG infection were suspected. Initial immunologi-
cal assessment encompassing serum immuno globulins con-
centration (IgG, IgA, IgM, IgE), complement C3, C4 levels,
lymphocyte subsets and lymphoproliferation tests were found
to be normal, except for a mild decrease of CD8+ percent-
age, but absolute count was within the normal ranges. Res-
piratory burst test for NADPH oxidase activity in polymor-
phonuclear cells stimulated with forbol esther, TCR
expression, CD127, CD40 repeated several times did not
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confirm the suspicion of CGD, SCID, or HIGM syndromes.
Additional immunological work-up revealed normal expres-
sion of CD212 on activated T lymphocytes and NK cells and
no defects of FcγRIII expression on NK cells, as measured
by Leu11a and Leu11c binding. Although almost all mono-
cytes expressed CD119, the median fluorescence of CD119
was highly elevated in comparison to normal control.

A blood sample from the patient and healthy control was
stimulated with live BCG with and without IL-12 and IFN-γ.
Normal production of IFN-γ was observed in the super-
natants and by ELISA. However a little amount of IL-12
was produced after BCG + IFN-γ activation. None trace of
IFN-γ was detected in the plasma by ELISA.

Molecular investigation showed microdeletion 818del4,
indicating a partial autosomal dominant defect of IFNGR1.
Both parents were wild type for this mutation. The child’s
condition significantly improved and of fistula closed after
10 weeks of the treatment. Both rifampicin and isoniasid
were maintained for 2 years until mid March 2012. Since
then she has not undergone any further antituberculosis
treatment.

Discussion
We describe here a Polish patient suffering from dis-

seminated M. tuberculosis complex infection documented
on a basis of bacterioscopy and PCR technics, without pos-
itive cultures. The child was vaccinated within the first 
24 hours of her life with BCG vaccine and hepatitis B,
according to mandatory immunization program in Poland
[19-21]. The diagnostic process let detect a heterozygous
818del4 deletion in IFNGR1. It is known to be the most
common mutation underlying IFNGR1 deficiency [1, 7, 12,
15]. Mutations in this gene were the first to be identified as
the cause of MSMD. A 4 base pair deletion at nucleotide
position 818 (818del4) was found in 11 of unrelated kin-
dreds [16, 17]. This mutation leads to a premature stop
codon at position 827-829 within the intracellular domain
of the receptor. The receptor is expressed on the cell sur-
face but the mutant receptor lacks the three motifs required
for intracellular signaling (the JAK3 and STAT1 binding
sites, and the tyrosine phosphorylation site). It also lacks
a recycling motif so the truncated receptor accumulates on
the cell surface and interferes with signaling by the normal

Fig. 1. Skeleton radioisotope scans. A) Anterior blood pool image of the thorax and
upper limbs shows abnormal increased uptake of isotope in the left humerus. 
B) Anterior image of the thorax and upper limbs shows abnormal increased uptake
of isotope in the left humerus. C) Anterior blood pool image of the pelvis and low-
er limbs shows abnormal increased uptake of isotope in the distal left femur. 
D) Anterior image of the pelvis and lower limbs show abnormal increased uptake
of isotope in the distal left femur
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receptor encoded by the normal copy of IFNGR1. Thus the
mutant allele has a dominant effect. Dominant IFNGR1
deficiency was described for the first time in 1999. Up to
now over 60 cases have been reported [1].

The clinical course of the disease is usually less severe
compared to complete IFNGR1 deficiency. The general
prognosis is fairly good [1, 7]. In most cases the disease is
controlled by prolonged antibiotic treatment. The IFN-γ
therapy is recommended in mycobacterial and disseminat-
ed infections, in addition of ATB in some cases [1, 12]. Our
patient was treated with six antituberculous antibiotics, with
no need of IFN-γ treatment.

In conclusion it must be said that children inoculated
with BCG vaccine at birth with BCG-osteomyelitis and/or
severe axillary lymphadenopathy should be considered as
a PID patients, and in case of no evidence of classic PID –
as MSMD, especially partial dominant IFNGR1 deficien-
cy should be taken into account. Patients affected with dis-
seminated BCG infection should be treated with combina-
tion of antituberculous antibiotics for at least 2 years.

The authors declare no conflict of interest.
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