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Background. Interferon-γ neutralizing autoantibodies (nIFNγ-autoAbs) are reported in patients with disseminated nontuberculous 
mycobacteria (NTM) infection and may function by increasing the infection risk. Notwithstanding, the prevalence of nIFNγ-autoAbs 
as well as the clinical presentation, diagnosis, and natural history of disseminated NTM infection in these patients is poorly understood.

Methods. In this retrospective observational study, data and sera for 331 Japanese subjects with mycobacterial infection were 
collected and analyzed. IFNγ-autoAb titers in sera were quantified using an enzyme-linked immunosorbent assay; neutralizing cap-
acity was evaluated via flow cytometry.

Results. Disseminated NTM was identified in 50 human immunodeficiency virus–uninfected patients. Of these, 30 of 37 (81%) 
immunocompetent patients had an increased nIFNγ-autoAb titer whereas only 1 of 13 (7.7%) immunodeficient patients had an 
increased nIFNγ-autoAb titer (P < .0001, χ2 test). Presenting symptoms were nonspecific and NTM infection was not included in 
the differential diagnosis in most cases. All patients with disseminated NTM and an increased serum nIFNγ-autoAb level received 
prolonged antimicrobial therapy. In 6 cases when antibiotic treatment was discontinued, NTM infection recurred and required re-
sumption of antibiotic therapy for infection control. The mortality rate was 3.2% in disseminated NTM patients with nIFNγ-autoAbs 
and 21% in those without.

Conclusions. nIFNγ-autoAbs were present in most patients with disseminated NTM infection without a diagnosis of clinical 
immunodeficiency. Diagnosis of disseminated NTM requires a high degree of suspicion and can be improved by measuring serum 
nIFNγ-autoAb titer. Long-term antibiotic therapy helps prevent recrudescent NTM infection.
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Nontuberculous mycobacteria (NTM) cause a broad spectrum of 
infections in humans, including pulmonary, osteoarticular, and 
skin infection, as well as disseminated infections. The nature and 
extent of infection is thought to depend mainly on the immuno-
logical status of the host. Increased susceptibility to severe infec-
tion with mycobacteria is often caused by genetic defects that 
impair interferon-gamma (IFN-γ)– and interleukin 12 (IL-12)–
mediated immunity [1]; this is termed Mendelian susceptibility 
to mycobacterial disease [2]. According to the clinical manifes-
tations of Mendelian susceptibility to mycobacterial disease, it is 
clear that the IFN-γ/IL-12 axis plays a critical role in the biological 
defense against NTM infection. Over the past decade, studies have 

reported that impaired IFN-γ signaling due to IFN-γ neutralizing 
autoantibodies (nIFNγ-autoAbs) is associated with severe dissem-
inated infections with intracellular pathogens, especially NTM [3–
8]. However, whether nIFNγ-autoAbs increase the risk of or cause 
disseminated NTM infection is not known. Notwithstanding, 
nIFNγ-autoAbs are an acquired autoimmune factor that are con-
sidered to regulate disease susceptibility [9]. A  few phenotypes 
associated with nIFNγ-autoAbs have been investigated in Taiwan 
[10]; however, a comprehensive investigation of its clinical impli-
cations has not been attempted thus far. Therefore, we conducted 
an observational retrospective study to clarify the clinical signifi-
cance of nIFNγ-autoAbs in disseminated NTM disease.

MATERIALS AND METHODS

Subjects

From May 2012 to October 2016, we screened for the presence 
of nIFNγ-autoAbs in the sera of 331 adult Japanese subjects 
with mycobacterial infection recruited from various regions in 
Japan. In each experiment, sera from healthy volunteers with-
out any relevant disease served as controls. Pulmonary NTM 
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infection was diagnosed on the basis of the diagnostic guide-
lines of the Japanese Respiratory Society and the Japanese 
Society for Tuberculosis [11]. A diagnosis of pulmonary NTM 
was confirmed when NTM species were detected in sputum cul-
tures more than twice or when NTM was cultured from spec-
imens collected via bronchoscopy. Disseminated NTM disease 
was diagnosed when samples from >1 lesion or when clinically 
sterile samples such as blood and bone marrow yielded posi-
tive cultures for NTM. Pulmonary tuberculosis was defined as 
a positive culture for Mycobacterium tuberculosis from sputum. 
Site of involvement was defined as the location of the lesion 
where the NTM species were actually detected pathologically 
or via culture, or where suspected via computed tomography, 
magnetic resonance imaging, or fludeoxyglucose positron emis-
sion tomography. The medical records of subjects with dissem-
inated NTM were reviewed and extracted into a standardized 
format by their attending physicians. Each patient’s prognosis 
was recorded from diagnosis until the end of 2016. This study 
was performed with the approval of the Ethics Committee at 
the School of Medicine, Niigata University (approval number 
1413), and complied with the Declaration of Helsinki. All sub-
jects provided written informed consent.

Measurement of Interferon-γ (IFN-γ) Neutralizing Autoantibodies 
Concentration and Neutralizing Capacity Against IFN-γ

Serum IFNγ-autoAb concentration (including both neutraliz-
ing and nonneutralizing antibody species) was quantified by 
using an enzyme-linked immunosorbent assay as reported pre-
viously [12] in both patients and healthy controls. The relative 
titer of IFNγ-autoAbs for subjects was described as a ratio to the 
optical density compared to that of a healthy control. A ratio of 
>2-fold was considered increased (positive).

The neutralizing capacity for IFN-γ was evaluated using a 
newly developed method. One million Jurkat cells were inoc-
ulated with 90 μL of sera that was diluted 100-fold with phos-
phate-buffered saline. Then, 10 μL of 100 ng/mL recombinant 
human IFN-γ (Wako Co Ltd, Gunma, Japan) was added and sub-
sequently incubated at 37°C for 15 minutes. Cells were fixed with 
4% paraformaldehyde. After washing, the cells were permeabi-
lized with 95% methanol on ice for an hour. The permeabilized 
cells were incubated with 20  μL of antimouse phospho-signal 
transduction and activator of transcription 1 (STAT1) antibody 
(Alexa Fluor 647 Mouse Anti-STAT1 (pY701), BD Biosciences). 
Positive cells with phosphorylated STAT1 were identified using 
FACSCalibur (BD Bioscience) and analyzed using CellQuest 
Pro software (BD Bioscience). Serum from a healthy control 
was analyzed concurrently to attain a normal value. The STAT1-
phosphorylation index was calculated as the mean fluorescence 
intensity of cells primed with 10  ng/mL IFN-γ minus that of 
unprimed cells divided by that of unprimed cells, and then mul-
tiplied by 100. An index <0.3-fold that of the control indicated 
the presence of neutralizing capacity against IFN-γ.

Statistical Analysis

Data were analyzed using SigmaPlot software version 12.3 
(Systat Software, San Jose, California) software. The data for the 
2 groups were compared using the t test or Mann-Whitney U 
test for continuous variables and χ2 test or Fisher exact test for 
categorical data. A P value <.05 was considered to indicate stat-
istical significance.

RESULTS

Screening of Interferon-γ Neutralizing Autoantibodies Titers in Clinical 
Specimens

We recruited 331 Japanese subjects with mycobacterial dis-
ease including 189 with pulmonary tuberculosis, 91 with 
pulmonary NTM, and 51 with disseminated NTM. Thirty-
eight subjects (11.5%) had an increased serum IFNγ-autoAb 
level (Figure 1A). We also evaluated the serum IFN-γ neu-
tralizing capacity in 138 subjects including all subjects with 
increased serum IFNγ-autoAbs. Thirty one of 138 subjects 
had increased serum IFNγ-autoAbs and a confirmatory in-
crease in serum IFN-γ neutralizing capacity (Figure  1B), 
supporting the conclusion that they had increased func-
tional, neutralizing IFNγ-autoAbs. The prevalence of nIF-
Nγ-autoAbs in patients with mycobacterial disease was 9.4% 
(31/331). All 31 subjects with nIFNγ-autoAbs had dissemi-
nated NTM. On the other hand, 7 subjects with nonneutral-
izing IFNγ-autoAbs had localized mycobacterial infection. 
A  detailed classification of the participants is shown in 
Supplementary Figure 1.

Figure  1. Evaluation of interferon-γ autoantibody (IFNγ-autoAb) titers and 
neutralizing capacities in the sera of patients with mycobacterial disease. A, 
IFNγ-autoAb titers in the sera of 331 patients with mycobacterial disease were 
measured. A titer >2-fold that of the control was defined as a positive result (dashed 
line indicates the threshold). Thirty-eight patients had a positive IFNγ-autoAb titer 
value. B, Neutralizing capacity to exogenous IFN-γ was evaluated among 138 sub-
jects, including all IFNγ-autoAb–positive subjects. Data for antibody positivity and 
negativity are described separately. An index <0.3-fold that of the control indicated 
the presence of neutralizing capacity against IFN-γ. Thirty-one subjects with IFNγ-
autoAbs harbored a neutralizing capacity against IFN-γ. The y-axis in the figures 
shows the fold increase in titers compared to that of the control. Abbreviations: 
IFNγ-autoAb, interferon-γ autoantibody; STAT1-PI, STAT1-phosphorylation index.
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Distribution of Disseminated Nontuberculous Mycobacteria Subjects With 
Interferon-γ Neutralizing Autoantibodies

After excluding 1 subject from further analysis because of 
human immunodeficiency virus (HIV) infection, we identified 
50 subjects with disseminated NTM. The rate of nIFNγ-autoAb 
positivity in these 50 subjects with disseminated NTM was 
62%. Thirty-seven subjects were clinically immunocompetent, 
defined as formerly without obvious immunodeficiency and a 
history of receiving immunosuppressive agents, and the rest of 
the 13 subjects had obvious immunodeficiency. Among patients 
with disseminated NTM, 30 of 37 immunocompetent subjects 
(81.1%) and 1 of 13 immunodeficient subjects (7.8%) had nIF-
Nγ-autoAbs. The distribution of subjects with nIFNγ-autoAbs 
was significantly different between these groups (P  <  .001). 
Thus, nIFNγ-autoAbs are strongly associated with disseminated 
NTM infection among previously immunocompetent patients.

Comparison of Clinical Features Between Disseminated Nontuberculous 
Mycobacteria Patients With and Without Interferon-γ Neutralizing 
Autoantibodies
Clinical Characteristics of the Patients and Mycobacterial Species 
Present
We compared disseminated NTM manifestations between sub-
jects with (n = 31) and without (n = 19) nIFNγ-autoAbs (Table 1). 

Age at disseminated NTM infection onset was higher in subjects 
with nIFNγ-autoAbs than in those without nIFNγ-autoAbs. No 
differences in terms of sex and body mass index were observed. 
The concentrations of C-reactive protein, as well as the white 
blood cell count, were higher in subjects with nIFNγ-autoAbs. 
Although antinuclear autoantibodies that indicate autoimmune 
disease were detected in 2 patients with disseminated NTM with 
nIFNγ-autoAbs, no case satisfied the criteria of collagen vascu-
lar disease. The site of disease involvement varied; however, the 
lungs were the most common lesion site. Past history of con-
comitant infection in subjects with nIFNγ-autoAbs included 1 
case of nontyphoidal Salmonella infection, 1 case of cytomegalo-
virus infection, and 2 cases of varicella zoster infection.

Various mycobacterial species were detected. There was no 
significant difference in bacterial species distribution between 
the 2 groups (Table 2). The most frequently isolated slow-grow-
ing mycobacteria were Mycobacterium avium complex, detected 
in 26 (70.3%) and 13 (68.4%) subjects with and without nIF-
Nγ-autoAbs, respectively. Mycobacterium abscessus complex 
was the most frequent rapid-growing mycobacteria.

Host Immunological Status
Among the 30 individuals with nIFNγ-autoAbs (96.8%) and 
7 individuals without nIFNγ-autoAbs (36.8%), we did not 

Table  1. Clinical Characteristics of Subjects With Disseminated Nontuberculous Mycobacterial Infection With or Without Interferon-γ Neutralizing 
Autoantibodies

Characteristics

With nIFNγ-AutoAbs (n = 31) Without nIFNγ-AutoAbs (n = 19)

P ValueNo. Value No. Value

Demographics

 Age, y, median (IQR) 31 66 (63–69) 19 51 (39–61) <.01

 Sex, female/male, No. 16/15 7/12 NS

 BMI, kg/m2, median (IQR) 30 19.4 (17.5–21.7) 17 19.8 (16.6–20.4) NS

Laboratory data, median (IQR)

 Total protein, g/dL 30 7.4 (6.8–7.9) 18 6.8 (6.0–7.5) NS

 Albumin, g/dL 30 2.8 (2.0–3.0) 15 3.0 (2.5–3.5) NS

 Hemoglobin A1c, % 26 5.8 (5.4–6.2) 13 5.3 (5.1–5.9) NS

 CRP, mg/dL 30 6.6 (4.8–12.7) 18 4.6 (1.0–8.1) <.05

 WBC count, cells/μL 30 12 010 (9450–16 525) 18 6700 (4100–8050) <.01

 Neutrophils, % 29 80 (68.8–84.8) 18 78.5 (67.7–83.9) NS

 Lymphocytes, % 29 11.3 (8.8–22.1) 18 12 (5.8–23.0) NS

Site of involvement, No. (%)

 Lung 31 19 (61.3) 19 11 (57.9) NS

 Bone/joints 31 18 (58.1) 19 7 (36.8) NS

 Lymph nodes 31 15 (48.4) 19 6 (31.6) NS

 Bone marrow/blood 31 15 (48.4) 19 5 (26.3) NS

 Skin 31 8 (25.8) 19 4 (21.1) NS

 Spleen/liver 31 6 (12.9) 19 2 (5.3) NS

 Muscle 31 4 (12.9) 19 3 (15.8) NS

 Pericardium 31 0 19 3 (15.8) <.05

 Urinary organ 31 2 (6.5) 19 0 NS

 Genitals 31 1 (3.2) 19 0 NS

 Central nervous system 31 1 (3.2) 19 0 NS

 Eye 31 1 (3.2) 19 0 NS

Each quartile value was compared by using t test or Mann-Whitney U test as appropriate. Each distribution was compared by using Fisher exact test.

Abbreviations: BMI, body mass index; CRP, C-reactive protein; IQR, interquartile range; nIFNγ-autoAbs, interferon-γ neutralizing autoantibodies; NS, not significant; WBC, white blood cell.
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identify any predisposing factors for immunodeficiency, and no 
drugs that would cause immunosuppression were administered 
(Supplementary Figure 2A). Only 1 subject with nIFNγ-autoAbs 
was considered to have acquired immunodeficiency because he 
had been in complete remission after receiving chemotherapy 
for malignant lymphoma (Supplementary Figure  2B). On the 
other hand, 5 subjects and 1 subject without nIFNγ-autoAbs 
were diagnosed with acquired and congenital immunodefi-
ciency, respectively, according to their medical history. Overall, 
no subjects with nIFNγ-autoAbs were administered immu-
nosuppressive drugs before disease onset (Supplementary 
Figure 2C). In contrast, 9 subjects with nIFNγ-autoAbs received 
immunosuppressants after disease onset (Supplementary 
Figure 2D), because the initial diagnosis included an inflamma-
tory disease or malignant lymphoma.

Initial Manifestations and Diagnosis
The primary manifestations of patients with disseminated 
NTM with nIFNγ-autoAbs were nonspecific, which made the 
diagnosis difficult (Supplementary Figure 3A). In most cases, 
the attending physicians did not include NTM infection in the 
differential diagnosis (Supplementary Figure 3B). Only 3 cases 
were suspected to be mycobacteriosis (NTM disease or tuber-
culosis). The mean period from disease onset to diagnosis in 
both groups were similar: 4 months (interquartile range [IQR], 
2–8  months) in subjects with nIFNγ-autoAbs and 3  months 
(IQR, 1–4  months) in subjects without IFNγ-autoAbs. In 5 
subjects with nIFNγ-autoAbs, the period from disease onset to 
diagnosis was more than a year; however, all subjects without 
nIFNγ-autoAbs were diagnosed with disseminated NTM infec-
tion within a year (Supplementary Figure 3C).

Treatment and Prognosis
The median duration of observation was 36  months (IQR, 
9–54  months) and 12  months (IQR, 6–33  months) among 
disseminated NTM subjects with and without nIFNγ-auto-
Abs, respectively. Various antibiotic regimens were adminis-
tered to suppress disease activity in both groups (Table 3 and 
Supplementary Table 1). Median treatment duration for subjects 
with nIFNγ-autoAbs was 21  months (IQR, 6.25–39  months), 
and for subjects without nIFNγ-autoAbs was 11 months (IQR, 
2.5–18 months). Antibiotic treatment was terminated in 6 sub-
jects (once in 5 cases and twice in 1 case) with nIFNγ-autoAbs 
owing to disease remission. One case (case 10) without applic-
able precise data was excluded from further analysis. The me-
dian treatment period was 24 months (IQR, 14.5–49 months) 
in these 5 cases. NTM disease recurrence was reported in all 
cases of treatment cessation, and the median period until re-
currence was 10.5 months (IQR, 4–18.5 months). Among sub-
jects with nIFNγ-autoAbs, surgical drainage was performed 
in 10 subjects and recombinant IFN-γ was administered in 2 
subjects. Two patients were administered rituximab (anti-CD20 
antibodies) to reduce nIFNγ-autoAb production via B lympho-
cyte depletion.

One subject with nIFNγ-autoAbs died due to disseminated 
NTM within 36 months, which was the median observation 
period for the nIFNγ-autoAb–positive group. Moreover, dur-
ing this period, 3 nIFNγ-autoAb–negative subjects (15.7%) 
died. Two deaths were caused by NTM infection and another 
due to aspiration pneumonia. Kaplan-Meier survival analysis 
showed survival rates to be significantly higher for subjects 
with nIFNγ-autoAbs than those without nIFNγ-autoAbs 
(Figure 2).

DISCUSSION

Herein, we reported the clinical significance of nIFNγ-autoAbs 
against disseminated NTM and differences between subjects 
with and those without nIFNγ-autoAbs. The most significant 
clinical finding from our study was that 62% of subjects with 
disseminated NTM and without HIV infection and 81.1% of 
subjects with disseminated NTM and without obvious im-
munodeficiency retained nIFNγ-autoAb positivity. Moreover, 
nIFNγ-autoAbs were not detected in any subject with pul-
monary NTM and pulmonary tuberculosis but only those with 
disseminated NTM. Therefore, disseminated NTM was the 
most significant phenotype associated with nIFNγ-autoAbs, 
in accordance with previous reports [6, 10, 13]. Our data are 
consistent with those of Browne et al, who reported that 81% 
of disseminated NTM subjects with normal CD4 lymphocyte 
counts retained nIFNγ-autoAb positivity [6]. These results 
suggest that nIFNγ-autoAbs commonly exist in disseminated 
NTM patients without obvious immunodeficiency. Therefore, 
nIFNγ-autoAbs should be qualified in such patients to elucidate 
the pathophysiology.

Table  2. Distribution of Nontuberculous Mycobacterial Species in 
Subjects With or Without Interferon-γ Neutralizing Autoantibodies

Species
With 

nIFNγ-AutoAbs
Without 

nIFNγ-AutoAbs P Value

Slow-growing mycobacteria

 M. avium complex 26 (70.3) 13 (65.0)

 M. gordonae 2 (5.4) 0 (0)

 M. kansasii 1 (2.7) 3 (15.0)

 M. mantenii 1 (2.7) 0 (0)

 M. colombiense 1 (2.7) 0 (0)

 M. genavense 1 (2.7) 0 (0)

 M. marinum 0 (0) 1 (5.0)

Rapid-growing mycobacteria

 M. abscessus complex 3 (8.1) 1 (5.0)

 M. fortuitum 2 (5.4) 1 (5.0)

 M. chelonae 0 (0) 1 (5.0) NS

Slow-growing/rapid-growing 
mycobacteria

32/5 17/3 NS

Superinfection 6 (16.2) 1 (5.0) NS

Data are presented as No. (%). Superinfection was defined as >1 isolate detected in the 
same subject. Each distribution was compared by using χ2 test or Fisher exact test as 
appropriate. P values <.05 were defined as significant.

Abbreviations: nIFNγ-autoAbs, interferon-γ neutralizing autoantibodies; NS, not significant.
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Another clinically significant finding from our study was that 
establishing a precise diagnosis was very difficult. We explored 
3 possibilities. First, individuals with nIFNγ-autoAbs were con-
sidered to be formerly immunocompetent because they did not 
have predisposing factors for immunodeficiency. Disseminated 
NTM disease was the first severe infectious disease for almost 
all subjects with nIFNγ-autoAbs. Second, nonspecific initial 
manifestations confused the attending physicians; some sub-
jects were tentatively diagnosed with inflammatory diseases due 
to unknown causes by their attending physicians. As a result, 
9 subjects with nIFNγ-autoAbs received immunosuppressants 
after disease onset. On the other hand, no subject without nIF-
Nγ-autoAbs received immunosuppressants after disease onset. 
Some previous studies reported multiple NTM-induced bone 
lesions in immunocompetent subjects [14, 15], which were 
clinically similar to our cases. There is a possibility that several 

subjects with nIFNγ-autoAbs may have been included in these 
reports but were simply overlooked. Third, the method used to 
evaluate nIFNγ-autoAbs varies widely. According to our data, 
measurement of neutralizing capacities was useful for diagno-
sis. All of the 7 subjects with IFNγ-autoAbs without neutralizing 
capacity did not have a disseminated NTM infection. This result 
supports the findings of several previous reports demonstrat-
ing that anticytokine autoantibodies exist in healthy subjects  
[16, 17]. Therefore, neutralizing capacity was more important 
than the antibody concentration itself to determine predispos-
ition to a disease.

Most subjects with nIFNγ-autoAbs presented with nonspe-
cific initial symptoms, similar to HIV-infected patients [18, 
19]. Gastrointestinal symptoms, such as diarrhea, are common 
in HIV-infected patients with disseminated NTM because the 
digestive tract is a major entry point for NTM species. Our 

Table  3. Antibiotic Regimen and Clinical Course in Subjects With Disseminated Nontuberculous Mycobacteria With Interferon-γ Neutralizing 
Autoantibodies

Patient NTM Species Used Antibiotics

Duration of 
Observation 

From Onset, mo

Duration of 
Antibiotic 

Treatmenta, mo
Antibiotic 
Cessation Outcome

1 M. avium CAM, RFP, EB, SM, MFLX 22 18 – Alive

2 MAC, M. gordonae CAM, RFP, SM, LVFX 175 12 ＋ Alive

3 M. avium CAM, RFP, EB 44 40 – Alive

4 M. avium CAM, RFP, EB 57 56 – Alive

5 M. abscessus complex CAM, IPM, AMK, MFLX, LVFX, LZD 42 39 – Dead

6 M. intracellulare CAM, RFP, SM, MFLX 42 41 – Dead

7 M. avium, M. intracellulare CAM, RFP, EB 54 46 – Alive

8 M. gordonae, M. mantenii CAM, RFP, EB 41 37 – Alive

9 M. abscessus complex, MAC CAM, RFP, EB, AZM, MEPM, CPFX, AMK 18 1 – Dead

10 M. fortuitum CAM, LVFX 69 NA ＋ Alive

11 M. avium CAM, KM, EB, RFP, LVFX 176 24 ＋ Alive

12 M. avium AZM, RFP, EB, SM, CPFX, RBT, STFX, MFLX 36 32 – Alive

13 M. abscessus complex CAM, IPM, AMK, MINO 19 11 – Alive

14 M. avium CAM, RFP, EB, KM 172 74 ＋ Alive

15 M. avium CAM, RBT, STFX, SM 40 39 – Dead

16 M. avium CAM, RFP, EB 9 3 – Alive

17 M. fortuitum, M. avium CAM, EB, STFX 4 4 – Alive

18 M. avium CAM, RFP, EB 48 24 ＋ Alive

19 M. kansasii CAM, RFP, INH 72 24 – Alive

20 M. avium CAM, RFP, EB, SM, LVFX 54 32 – Alive

21 M. avium CAM, RFP, EB 27 12 – Alive

22 MAC CAM, RFP, EB, AMK, STFX 14 12 – Alive

23 MAC CAM, RFP, EB, SM 11 7 – Alive

24 M. avium CAM, RFP, EB 36 10 – Alive

25 M. avium CAM, RFP, EB, LZD 2 17 ＋ Alive

26 M. genavense NA 2 NA NA Alive

27 M. avium CAM, RFP, EB, SM 7 0.1 – Alive

28 M. colombiense CAM, RFP, EB, CPFX 7 4 – Alive

29 M. intracellulare CAM, RFP, EB 8 3 – Alive

30 M. intracellulare CAM, RFP, EB 8 1 – Alive

31 M. avium, M. intracellulare CAM, RFP, EB, RBT 36 36 – Alive

Abbreviations: AMK, amikacin; AZM, azithromycin; CAM, clarithromycin; CPFX, ciprofloxacin; EB, ethambutol; INH, isoniazid; IPM, imipenem; KM, kanamycin; LVFX, levofloxacin; LZD, 
linezolid; MAC, Mycobacterium avium complex; MEPM, meropenem; MFLX, moxifloxacin; MINO, minomycin; NA, not applicable; NTM, nontuberculous mycobacteria; RFP, rifampicin; RBT, 
rifabutin; SM, streptomycin; STFX, sitafloxacin.
aDuration of antibiotics treatment was described as the period before antibiotics cessation among the cases with the episode.
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results implied that the airway might be the most likely entry 
point owing to the predominance of lung lesions and missing 
gastrointestinal lesions. The lesion site has generally shown to 
vary [10, 20, 21] in disseminated NTM subjects with and those 
without nIFNγ-autoAbs. However, the distribution of lesion 
site did not differ between subjects with and those without nIF-
Nγ-autoAbs, indicating that nIFNγ-autoAbs did not contribute 
to organ-specific susceptibility to NTM infection.

Data regarding the mortality rate due to disseminated NTM 
infection are scarce. Some studies have reported these deaths 
to be associated with HIV infection [19, 22]. Kobayashi et  al 
reported that during 2000–2013, 7 of 24 patients (29%) from 
a single hospital in Japan with HIV infection and disseminated 
NTM died [19]. Data from Oregon in the United States showed 
that 19 of 37 (51.4%) subjects with disseminated NTM and 
HIV infection died between 2007 and 2012; the median sur-
vival period was 0.3 months after being diagnosed with dissem-
inated NTM [22]. Prognosis was generally very poor. In our 
study, 3 subjects without nIFNγ-autoAbs died (mortality rate, 
15.7%) and 1 subject with nIFNγ-autoAbs died (mortality rate, 
3.2%) during the observation period. Nonetheless, the survival 
rates for subjects with and those without nIFNγ-autoAbs was 
significantly higher than that for subjects with HIV infection 
(Figure  2). These data suggest that disseminated NTM with 
nIFNγ-autoAbs shows a relatively favorable prognosis under 
appropriate antimicrobial therapy.

Long-term maintenance antibiotic therapy for mycobacterial 
infection is necessary and mandatory in HIV-infected patients 
[23]; however, the usefulness of such therapy for patients with 
nIFNγ-autoAbs has remained unclear thus far. In 6 cases 
wherein the antibiotic treatment was discontinued, NTM recur-
rence was observed, which required resumption of antibiotics. 
In Taiwan, Chi et  al reported that 9 of 45 patients with dis-
seminated NTM and nIFNγ-autoAbs achieved remission after 

>500 days of antimicrobial therapy; 4 of these 9 cases involved 
recurrent NTM infection [10]. Although the period from ter-
mination of antimicrobial therapy to recurrence of NTM infec-
tion was not mentioned, a high recurrence rate was indicated. 
In a few of our cases for which long-term observation was con-
ducted, remission was maintained for ≥5 years with continuous 
antimicrobial therapy while maintaining nIFNγ-autoAb posi-
tivity (data not shown). In such cases, it might be difficult to 
terminate antimicrobial therapy completely; moreover, prophy-
laxis, as in HIV-infected individuals, is important.

We acknowledge some limitations to our study. First, the 
number of subjects was small. An epidemiological study of 
autoimmune pulmonary alveolar proteinosis induced by anti–
granulocyte macrophage colony-stimulating factor autoan-
tibodies reported that the prevalence of the disease was quite 
rare (6.2 per million) [24]. Therefore, disseminated NTM with 
nIFNγ-autoAbs could also be assumed to be rare. Second, our 
study design was retrospective in nature. Longitudinal pro-
spective cohort studies should be conducted to clarify the dis-
ease course in clinical settings. Third, selection bias was existent 
because this study was retrospective in nature and involved 
convenience samples. We did not conduct a nationwide inves-
tigation. Also, our study included cases wherein the attending 
physician knew that the pathological condition was induced by 
nIFNγ-autoAbs. The possibility of overlooking numerous cases 
was also taken into consideration.

In summary, we reported the practical clinical manifes-
tations of disseminated NTM patients with nIFNγ-autoAbs 
in Japan. Disseminated NTM infection harboring nIF-
Nγ-autoAbs could account for the majority of subjects with 
disseminated NTM without obvious underlying immuno-
suppression. Diagnosis of disseminated NTM itself is diffi-
cult because the initial symptoms and physical findings are 
nonspecific; moreover, the concept of an autoimmune disease 
induced by a severe infection is not well recognized. For the 
diagnosis of disseminated NTM, not only measurement of 
antibody titers but also serum neutralizing capacity against 
exogenous IFN-γ is important. Although long-term anti-
microbial therapy is required for treatment, the prognosis 
is more favorable than that in disseminated NTM patients 
with an HIV infection or without nIFNγ-autoAbs. However, 
continuation of antibacterial therapy may be necessary for 
prophylaxis. Although disseminated NTM infection accom-
panied with nIFNγ-autoAbs is very rare in clinical settings, 
it involves the possibility of misdiagnosis as an unknown 
inflammatory disease or malignant disease.
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Figure 2. Kaplan-Meier estimation of survival for patients with disseminated 
nontuberculous mycobacteria (NTM) with and those without interferon-γ neutral-
izing autoantibodies (nIFNγ-autoAbs). Survival rate after disseminated NTM onset 
among subjects with (solid line) and those without (dashed line) nIFNγ-autoAbs (P < 
.05). Abbreviations: nIFNγ-autoAb, interferon-γ neutralizing autoantibody.
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