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Case report
Case 1

A Japanese boy became spontaneously positive to a
tuberculin purified protein derivative (PPD) skin test at the
age of 11 months. There was no family history of tuber-
culosis. A chest X-ray film showed no abnormal findings.
The PPD skin test turned negative after 6 months of pro-
phylactic treatment with isoniazid (INH). He was inocu-
lated with BCG (Tokyo 172 strain) by the multiple
puncture technique at the age of 17 months. Nine months
later (at 26 months of age), he started to limp and could not
move his neck. He visited Koshigaya Municipal Hospital,
and multiple osteolytic lesions were observed on his skull,
vertebrae (cervical and lumbar), ribs, and femur by X-ray,
bone scintigram, and magnetic resonance (MR) imaging.
Mycobacterium was detected in the bone biopsy. Myco-
bacterium bovis was identified as the BCG Tokyo 172
strain by restriction fragment length polymorphism
(RFLP). The BCG osteomyelitis was treated successfully
with antimycobacterial therapy with isoniazid (INH), rif-
ampicin (RFP), and streptomycin (SM) for 1.5 years
without recurrence. He is now 17 years old and has not had
a mycobacterial infection since the treatment.

Case 2 (Fig. 1)

An 18-month-old girl (13 years old at present) developed
left axillary lymphadenitis 2 months after BCG inoculation
at the age of 8 months. Multiple skin eruptions and
abscesses appeared 9 months after the vaccination. At the
BCG inoculation site, there were signs of hypertrophic scar
and keloid. Granuloma was also observed below the

inoculation site. X-ray, skeletal scintigram, and MR
imaging showed multiple osteolytic lesions in the skull,
ribs, femur, and vertebrae. A bone biopsy specimen of the
femur revealed granulomatous inflammation without cen-
tral necrosis. M. bovis (BCG Tokyo 172 strain) was
detected in cultures from the bone biopsy by RFLP. She
was treated with INH, RFP, and SM, and showed slow
improvement. Eighteen months after her initial presenta-
tion, she started to develop recurrent osteomyelitis. Addi-
tional administration of ethambutol (EB) and IFN-y was
effective but the effect was temporary. She exhibited
osteomyelitis soon after discontinuation of EB and RFP.
High-dose INH and EB, with the addition of clarithromycin
(CAM) and IFN-y, proved effective. Her osteomyelitis
appeared to have subsided. However, later, at the age of
11 years, she experienced a third relapse of the osteomy-
elitis. Antimycobacterial therapy was started again,
but lymphadenitis also developed on her right supraclavi-
cle. The findings from the swollen lymph nodes were
nonspecific. Additional administration of high-dose IFN-y
was partially effective against the osteomyelitis and the
lymphadenitis. As the cervical lymphadenopathy appeared
again, the CAM was changed to levofloxacin (LVFX). A
three-drug regimen of INH, RFP, and LVFX for a period of
9 months was successful in achieving remission.

The clinical features of these two unrelated Japanese
children with BCG multiple osteomyelitis are summarized
in Table I. Two-color flow cytometric analysis was per-
formed [3] and showed significantly higher levels of
IFNGR1 expression on monocytes in both cases. IL-12 and
IFN-y production was normal. Genomic DNA was obtained
from peripheral blood mononuclear cells. cDNA sequences
were analyzed by polymerase chain reaction. Heterozygous
small deletions with frame shift (case 1, 811 del4; case 2,
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Table 1 Immunological data at the onset of patients with bacille
Calmette-Guérin (BCG) osteomyelitis

Case 1 (17 years/M) 2 (13 years/F)
BCG given at 1 year 5 months 8 months

Age at onset 2 years 2 months 1 year 5 months
Type Multiple Multiple, recurrent
Histology Inflammation Granuloma

Other organs None Skin, lymph node
WBCs/ul 5,300 29,600
Lymphocytes/pl 3,657 7,400

IgG, mg/dl 1,370 1,430

IgA, mg/dl 188 104

1gM, mg/dl 602 181

CD3 cells, % 40.7 56.6

CD4:CD8 3 3

CD19 cells, % 10.4 264

PHA response Normal Normal

Cytokine production Normal Normal

IL-12/INF-y

818 deld) were detected, which were consistent with the
diagnosis of partial dominant IFNGR1 deficiency (data not
shown). Sequence analysis of six coding regions was per-
formed and showed that none of the family members of the
patients had any mutations. Furthermore, neither sets of
parents were consanguineous. Thus, de novo mutation had
occurred in both cases 1 and 2.

Discussion

Bacille Calmette~Guérin vaccines are safe in immuno-
competent hosts, and Japanese BCG substrain Tokyo 172 is
the safest BCG in the world [4]. Complications of BCG
vaccination can be severe and life threatening in infants
with immunodeficiency. Systemic adverse reactions to
BCG vaccine, including osteomyelitis and disseminated
BCG infection, are rare. Toida and Nakata [5] reviewed
severe adverse reactions to BCG from 1951 to 2004 in
Japan and identified 39 cases (incidence rate, 0.0182 cases
per 100,000 vaccinations). Thirteen cases exhibited pri-
mary immunodeficiency; 5 of these exhibited chronic
granulomatous diseases, 4 exhibited severe combined
immunodeficiency, and 4 exhibited IFNGR1 deficiency.
Unidentified defects in cellular immunity were observed in
6 cases. The 6 fatal cases had cellular immunodeficiencies.
Bone and joint involvement was observed in 27 cases, 15
cases with multiple lesions and 12 cases with single site
lesions.

Hoshina et al. [6] analyzed the clinical characteristics
and the genetic background of 46 patients with MSMD in

Japan from 1999 to 2009, and found that 6 had mutations in
the TFN-yR1 gene. All the cases of IFN-yR1 deficiency
exhibited multiple osteomyelitis, and disseminated myco-
bacterial infection recurred in 5 patients. All the patients
exhibited the partial dominant type, and 4 of them had 818
del4. Two of the patients were from the same family, and
therefore autosomal dominant inheritance was suspected.
The 4 others were considered to have occurred spontane-
ously. In Taiwan, 3 patients from two unrelated families
were identified with a hotspot IFNGR1 deletion mutation
(818 del4) and exhibited chronic granulomatous disease-
like features, presenting as cutaneous granuloma and
multiple osteomyelitis infected with NTM [7]. Fewer
patients of Asian origin have been reported with partial
dominant IFNGR1 deficiency compared with those of
Western countries [8]. The clinical phenotype of partial
dominant IFNGR1 deficiency is milder than that of
complete deficiency. In this type, BCG and NTM are the
major pathogens. Complete IFN-y receptor deficiency is
associated with the early onset of severe disease caused by
BCG or NTM, whereas the other genetic forms are asso-
ciated with a milder course of mycobacterial infection [8].

Patients with partial IFGR1 deficiency usually respond
well to antibiotic treatment, and for those who do not
respond well, additional IFN-y therapy has been shown to
be effective [9]. There is no single standard regimen for the
treatment of children with BCG osteomyelitis. M. bovis is
resistant to pyrazinamides because of the expression of a
pyrazinamidase. Case 1 was successfully treated with a
long-term combination therapy of INH, RFP, and SM.
However, in case 2, conventional therapy was inadequate
to fight the infection. Additional administration of EB and
relatively low dose IFN-y was not able to control the
intractable osteomyelitis. As NTM infection was also
possible, high-dose EB, INH, and CAM were administered.
The regimen was effective but temporary. Combination
therapy, including LVEX and high-dose INF-y, was the
most successful strategy. Treatment with second-line
antituberculous drugs, such as fluoroquinolone, and two
first-line drugs (RFP and EB), may be more effective than
RFP and EB alone against multidrug-resistant M. bovis
[10]. LVFX plays an important role as a substitute agent for
those patients who are intolerant of first-line antitubercu-
lous agents.

IFN-y receptor deficiency is a rare disorder that should
be considered when patients exhibit BCG lymphadenitis
and disseminated osteomyelitis. Multifocal mycobacterial
osteomyelitis without other organ involvement is only seen
in dominant partial IFNGR1 deficiency [6, 8]. This type of
immunodeficiency tends to exhibit recurrent mycobacterial
infection and resistance to conventional antimycobacterial
therapy. LVFX is likely an effective option for cases with
the partial dominant type that are resistant.
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