
Introduction

The interferon (IFN)-γ/interleukin (IL)-12
pathway plays a crucial role in host defenses against
mycobacterial infection (1). Recently, acquired gen-

eration of autoantibody against IFN-γ has been im-
plicated in disseminated nontuberculous mycobacte-
riosis (NTM) and other opportunistic infections (2).
We report herein the case of a patient with a high
titer of anti-IFN-γ immunoglobulin (Ig) G who pre-
sented with disseminated NTM, cerebellar toxoplas-
mosis, and other infections.

Case Report

A 64-year-old woman presented with a fore-
head nodule in March 2007. Biopsy revealed non-
specific inflammatory tissues, but culture for acid-
fast bacilli yielded positive results. The exact species
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was not identified and the lesion subsided with pal-
liative therapy. She was subsequently referred to the
respiratory division for left hilar lymph node en-
largement and nodular shadows in the left lung in
April 2008. The lesions were initially suspected to
be metastatic, since she had undergone bilateral
mastectomy with axillary lymph node dissection
and postoperative irradiation for bilateral breast
cancer (stage I) 1 year earlier. Hormonal therapy
with anastrozole had been continued. She was af-
fected by measles in June 2008, as verified by ele-
vated serum IgM antibody titers against measles
virus. Bronchoscopy performed in September 2008
revealed multiple endobronchial nodules in the left
main bronchus (Fig. 1A). Pathological examination
of the nodules demonstrated nonspecific granula-
tion tissues without apparent granulomas. Mycobac-
terium intracellulare was later cultured from
bronchial secretions recovered during bronchoscopy.
The patient was started on clarithromycin (CAM),
rifampicin (RFP), and ethambutol (EB) in October
2008, but was unable to continue the regimen due to
adverse effects of facial blushing. At that time, inde-
terminate results were obtained for an interferon-γ
release assay (QuantiFERON®-TB-Gold in Tube;
Cellestis, Chadstone, Australia). The patient
showed normal blood lymphocyte subpopulations
and normal serum Ig levels. Anti-human immunod-
eficiency virus and anti-human T lymphotropic
virus type 1 antibodies were not detected. The
three-drug regimen of CAM, RFP and EB was
restarted in December 2008.

Meanwhile, vertigo had developed in June
2008. Brain magnetic resonance imaging revealed a
crescent shadow in the left cerebellum on gadolini-
um-enhanced imaging (Fig. 1B). The lesion expand-
ed to both sides of the cerebellum with exacerbation
of peripheral edema in January 2009. Cerebellar tox-
oplasmosis was diagnosed based on a markedly high
antibody titer (>40,000 fold) against toxoplasma in
serum. Treatment with acetylspiramycin (ACSPM)
and sulfamethoxazol/trimethoprim (SMX/TMP)
was started in February 2009. In March 2009, cere-
bellar lesions and pulmonary nodules were substan-
tially improved, but treatment with CAM, RFP, EB,
and ACSPM were stopped by April 2009 because of
severe eruptions. Since new ground glass opacities
appeared in the lung, video-assisted thoracic surgery
was performed on the right upper lobe in April

2010. The pathological findings (Fig. 1C) were
again the same as those for the endobronchial nod-
ules. Although specific staining of tissue for acid-fast
bacilli (Ziehl-Neelsen), fungus (Grocott), proto-
zoans (Giemsa) and bacteria (Gram) yielded nega-
tive results, culture for acid-fast bacilli and poly-
merase chain reaction (PCR) testing for M. avium
showed positive results.

In the meantime, ulceration and tumefactive le-
sion of the vulva occurred in March 2009. Bladder
nodules, cervicovaginal swellings, and left inguinal
lymph node enlargements developed sequentially
from May to July 2010 (Fig. 1D). A specimen biop-
sied from the vaginal wall and secretions from an in-
guinal lymph node were positive for staining and
culture of acid-fast bacilli. PCR for M. avium yield-
ed positive results for both specimens. We therefore
diagnosed this case as disseminated NTM compli-
cated with cerebellar toxoplasmosis. CAM, RFP, and
EB were restarted in August 2010, by which pul-
monary and urogenital lesions promptly resolved.
Cerebellar lesions also showed radiological remis-
sion, although dizziness has continued as a sequela.
In addition, the patient experienced four episodes of
vulvar herpes infection from December 2007 to Jan-
uary 2012.

Immunological analyses

Disseminated NTM and other infections in an
elderly woman suggested some form of acquired im-
munodeficiency. Given that cases with severe NTM
associated with anti-IFN-γ autoantibody have been
reported (2-5), we measured anti-IFN-γ IgG au-
toantibody titers in serum using an in-house ELISA
system (Fig. 2A). The patient’s serum had an ap-
proximately 10,000-fold titer of anti-IFN-γ anti-
body compared with controls and other disease
groups. Other autoantibodies against IL-1β, IL-2,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 (p70), tumor
necrosis factor (TNF)-α, and TNF-β were not de-
tected (not shown). Cytokine production including
IFN-γ by blood mononuclear cells was similar for
the patient and controls (not shown). Phosphoryla-
tion of signal transducer and activator of transcrip-
tion 1 (STAT1) in response to IFN-γ was basically
intact for the patient (Fig. 2B).
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Discussion

This case was characterized by a wide variety of
opportunistic and non-opportunistic infections, such
as disseminated NTM, cerebellar toxoplasmosis,
herpes zoster, recurrent vulvar herpes infection, and

measles. Bronchial and urogenital NTM are ex-
tremely rare manifestations. Major genetic defects
were considered most unlikely, since the patient was
an elderly woman and cytokine production including
IFN-γ by blood mononuclear cells remained intact.
She also showed normal receptor expression of the

Fig. 1. A: Bronchoscopic view of the left main bronchus showing multiple hemispherical endobronchial nodules with bumpy surfaces.
B: Brain MRI showed a crescent shadow in the cerebellum (white arrow) accompanied by peripheral high intensities on T2-weighted and
fluid-attenuated inversion recovery (FLAIR) imaging. C: Pathology of the lung lesion obtained by video-assisted thoracic surgery. The pho-
tomicrograph of a nodular lesion in the right upper lobe shows fibroblastic proliferation with infiltration of neutrophils, eosinophils, and
macrophages accompanied by fibrinous exudates in the surrounding alveolar spaces, indicating organizing abscess. D: Oblique sagittal com-
puted tomography showing hydronephrosis of the right kidney (white arrow), dilated ureter, circumferential swelling of the uterine cervix
and vagina (stippled arrow), and swollen posterior wall of the bladder (black arrow)
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IFN-γ/IL-12 pathway. The extremely high titer of
autoantibody against IFN-γ thus seemed to be the
sole immunological deficit responsible for the multi-
ple infections (1, 6-9).

Early suspicion of disseminated mycobacteriosis
was greatly hampered by the atypical pathological
features without any apparent epithelioid cell granu-
lomas. Similar phenomena have been observed for
mice and humans (10, 11), suggesting an important
role of IFN-γ for the formation of epithelioid cell
granulomas. However, the indeterminate result from
the IFN-γ release assay due to autoantibodies inter-
fering with the detection of IFN-γ in post-culture
plasma could serve as a simple clue suggesting the
presence of autoantibody. Dissection of the pathways
leading to the generation of autoantibody and ex-
ploitation of these findings for the treatment of my-

cobacterial and other infections represent critical is-
sues for the future.

Acknowledgements

The authors wish to thank Mrs. Kamiya for her ex-
cellent technical assistance.

References

1. Sexton P, Harrison AC. Susceptibility to nontuberculous mycobacter-
ial lung disease. Eur Respir J 2008; 31: 1322-33.

2. Browne SK, Burbelo PD, Chetchotisakd P, et al. Adult-onset immun-
odeficiency in Thailand and Taiwan. N Engl J Med 2012; 367: 725-34.

3. Höflich C, Sabat R, Rosseau S, et al. Naturally occurring anti-IFN-γ
autoantibody and severe infections with Mycobacterium cheloneae and
Burkholderia cocovenenans. Blood 2004; 103: 673-5.

Fig. 2. A: Anti-IFN-γ IgG concentration in serum. Data are log-transformed and presented in box-and-whisker plots with ends of the
whiskers representing the lowest datum still within the 1.5 interquartile ranges under the lower quartile and the highest datum still within
1.5 interquartile ranges above the upper quartile. Circles denote outliers. NTM, nontuberculous mycobacteriosis; APAP, autoimmune alve-
olar proteinosis; AU, arbitrary unit determined by our own reference sample. B: Phosphorylation of STAT1 by peripheral blood mononu-
clear cells induced by IFN-γ. CNT, control; Pt, patient; p-STAT, phosphorylated signal transducer and activator of transcription 1



316 H. Tanaka, E. Yamaguchi, T. Fukuoka, et al.

4. Döffinger R, Helbert MR, Barcenas-Morales G, et al. Autoantibodies
to interferon-γ in a patient with selective susceptibility to mycobacte-
rial infection and organ-specific autoimmunity. Clin Infect Dis 2004;
38: e10-4.

5. Kampmann B, Hemingway C, Stephens A, et al. Acquired predisposi-
tion to mycobacterial disease due to autoantibodies to IFN-γ. J Clin
Invest 2005; 115: 2480-8.

6. Suzuki Y, Orellana MA, Schreiber RD, Remington JS. Interferon-γ:
the major mediator of resistance against Toxoplasma gondii. Science
1988; 240: 516-8.

7. Stubblefield Park SR, Widness M, Levine AD, Patterson CE. T cell-,
interleukin-12-, and γ interferon-driven viral clearance in measles
virus-infected brain tissue. J Virol 2011; 85: 3664-76.

8. Smith JG, Liu X, Kaufhold RM, Clair J, Caulfield MJ. Development
and validation of a interferon ELISPOT assay for quantitation of cel-
lular immune responses to varicella-zoster virus. Clin Diagn Lab Im-
munol 2001; 8: 871-9.

9. Chan T, Barra NG, Lee AJ, Ashkar AA. Innate and adaptive immu-
nity against herpes simplex virus type 2 in the genital mucosa. J Re-
prod Immunol 2011; 88: 210-8.

10. Cooper AM, Dalton DK, Stewart TA, Griffin JP, Russell DG, Orme
IM. Disseminated tuberculosis in interferon γ gene-disrupted mice. J
Exp Med 1993;178:2243-7.

11. Dorman SE, Holland SM. Mutation in the signal-transducing chain
of the interferon-γ receptor and susceptibility to mycobacterial Infec-
tion. J Clin Invest 1998; 101: 2364–9.


