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	4. Introduction
•Anticytokine autoantibodies (ACAAs)
•  Typically polyclonal IgG
• are increasingly recognized in diverse infectious and/or immunologic conditions
• pathogenic ACAAs
• associated with immunodeficiency
• regulatory ACAAs
• typically detected at lower binding titers
J Allergy Clin Immunol. 2022 Jan;149(1):24-28.
 


	5. J Allergy Clin  Immunol. 2022 Jan;149(1):24-28.
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(AIGAs)
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	8. Epidemiology
•Since 2012, several  cohorts of patients have been described, in Thailand,
Taiwan, Japan and South China.
•Sporadic cases have been reported across Southeast Asia, including the
Philippines, Vietnam, Cambodia, Singapore, and Malaysia.
•The prevalence in the general population has been estimated at about
0.5–1 per million inhabitants in Taiwan and Thailand.
Current Opinion in Immunology 2021, 72:206–214
 


	9. Group 1 -  Disseminated, rapidly growing or slowly
growing, nontuberculous mycobacterial infection
Group 2 - Other opportunistic infections (e.g.,
Cryptococcus neoformans, Histoplasma capsulatum,
Penicillium marneffei, disseminated salmonellosis, or
severe varicella–zoster virus infection) with or without
nontuberculous mycobacterial infection
Group 3 - Disseminated tuberculosis
Group 4 - Pulmonary tuberculosis
Group 5 - Healthy controls
N Engl J Med 2012;367:725-34.
 


	10. Epidemiology
Mean age (range)  Male Female Reference
Chaingmai hospital Male - (39-77)
Female - (41-71)
32 (51%) 31 (49%) Experimental Biology and
Medicine 2018; 243: 621–626
Chulalongkorn
hospital
54 (25-78) 25 (61%) 16 (39%) Acta Derm Venereol 2018; 98:
742–747
Srinagarind hospital 50 (18-83) 27 (36%) 47 (64%) Clin Infect Dis
. 2020 Jun 24;71(1):53-62.
Siriraj hospital 50 (24-74) 14 (44%) 18 (56%) PLoS One. 2015 May
26;10(5):e0128481.
 


	11. Anti-Interferon-gamma Autoantibody-Associated
Immunodeficiency
•Introduction
•Epidemiology
•Pathogenesis
•Clinical manifestation
•Investigation
•Treatment
  


	12. IL-12/IFN gamma function
Abbas’s  Cellular and Molecular Immunology, Tenth Edition
Cytokine Principal Cell
Source
Cytokine
Receptor
Principal Cellular Targets and Biologic
Effects
IL-12 Macrophages
DCs
CD212
(IL-12Rβ1)
IL-12Rβ2
T cells: Th1 differentiation
NK cells and T cells: IFN-γ synthesis,
increased cytotoxic activity
IFN-γ T cells (Th1,
CD8
+
T cells) NK
cells
ILC1s
CD119
(IFNGR1)
IFNGR2
Macrophages: Classical activation
(increased microbicidal functions)
B cells: Isotype switching to opsonizing
and complement-fixing IgG subclasses
(in mice, not humans)
T cells: Th1 differentiation
Various cells: Increased expression of
class I and class II MHC molecules,
increased antigen processing and
presentation to T cells
 


	13. Mendelian Susceptibility to  Mycobacterial Disease (MSMD)
Abbas’s Cellular and Molecular Immunology, Tenth Edition
Cytokine Principal Cell
Source
Cytokine
Receptor
Principal Cellular Targets and Biologic
Effects
IL-12 Macrophages
DCs
CD212
(IL-12Rβ1)
IL-12Rβ2
T cells: Th1 differentiation
NK cells and T cells: IFN-γ synthesis,
increased cytotoxic activity
IFN-γ T cells (Th1,
CD8
+
T cells) NK
cells
ILC1s
CD119
(IFNGR1)
IFNGR2
Macrophages: Classical activation
(increased microbicidal functions)
B cells: Isotype switching to opsonizing
and complement-fixing IgG subclasses
(in mice, not humans)
T cells: Th1 differentiation
Various cells: Increased expression of
class I and class II MHC molecules,
increased antigen processing and
presentation to T cells
OMIM *107470
OMIM *147569
OMIM *601604
OMIM *601646
OMIM *161561
 


	14. Pathogenesis
1. The binding  of IFN-γ to the IFNGR complex
2. Tight association of IFNGR1 and IFNGR2
and a reorientation of their intracellular
domains
3. Close association of JAK1 and JAK2 proteins facilitate
auto- and transphosphorylation and enzymatic activation
4. Activated JAK proteins
phosphorylate the STAT1 binding
site
5. Dimerization and translocation to the
nucleus where it binds to γ-activated site (GAS)
elements and promotes gene transcription
Jorgovanovic et al. Biomarker Research (2020) 8:49
 


	15. Mendelian Susceptibility to
Mycobacterial  Disease (MSMD)
Jorgovanovic et al. Biomarker Research (2020) 8:49
OMIM *147795
OMIM *600555
 


	16. Pathogenesis
Current Opinion in  Immunology 2021, 72:206–214
 


	17. The higher expression  of FcγRI on CD14+ monocytes observed
among patients may simply reflect prolonged activation of
their immune system
PLoS One. 2014 Oct 20;9(10):e110276.
Cellular Immune Responses
 


	18. PLoS One. 2014  Oct 20;9(10):e110276.
• The results show reduced IL-2 production
by CD4 T cells, and reduced TNF alpha by
both CD4 and CD8 T cells in response to
mitogen stimulation.
• These reductions were more pronounced
in cases with active versus inactive
opportunistic infections.
Cellular Immune Responses
 


	19. • HLA genotyping  between 32 patients and 38 controls in Siriraj hospital
• Clinical syndrome was associated with very limited allele polymorphism, with HLA-
DRB1 and DQB1 alleles, especially
• HLA-DRB1*15:01, DRB1*16:02, DQB1*05:01 and DQB1*05:02
• The strong association with DRB1*16:02 and DQB1*05:02 similarly found in the
Taiwanese cohort.
• HLA may play a causative role by involving disease-triggering antigenic
presentation.
• HLA could also have an influence on Treg cells, resulting in autoreactivity.
PLoS One . 2015 May 26;10(5):e0128481.
HLA
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•Introduction
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•Clinical manifestation
•Investigation
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	21. Clinical manifestation
•The predominant  phenotype associated with AIGAs is disseminated NTM
infection, with or without other opportunistic infections (OIs), caused by
intracellular microorganisms in particular.
Current Opinion in Immunology 2021, 72:206–214
 


	22. Clinical manifestation
Clin Infect  Dis. 2020 Jun 24;71(1):53-62.
with or without disseminated NTM infections
 


	23. Pathogens
Current Opinion in  Immunology 2021, 72:206–214
• From 2004 to 2020, pathogens of 488 infected patients
reported from 75 original articles
• Mycobacteria are the pathogens most frequently
observed, in 85.5% of patients with AIGAs, often
causing severe, disseminated infections.
• The distribution of NTM species varies geographically,
but Mycobacterium abscessus complex and
Mycobacterium avium complex predominate in most
studies.
• Mycobacterium tuberculosis is detected in 6.1% of
patients with AIGAs.
 


	24. Pathogens
Current Opinion in  Immunology 2021, 72:206–214
• Invasive non-typhoid salmonellosis is the most common
bacterial infection, affecting 29–40% of patients with
AIGAs in cohort studies.
• VZV is the most common viral infection observed.
• Fungal infections, including cryptococcosis, aspergillosis
and candidiasis, have been observed in patients with
AIGAs.
 


	25. Distribution of 194  proven opportunistic pathogens diagnosed
during the study period in Siriraj hospital
PLoS One. 2019 Apr 25;14(4):e0215581.
 


	26. Clinical presentation
Clin Infect  Dis. 2020 Jun 24;71(1):53-62.
Pathogens
 


	27. Diagn Microbiol Infect  Dis. 2017 Aug;88(4):308-315.
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	29. Stiehm's immune deficiencies,2nd  edition
Salmonellosis is observed in half the
patients with IL-12-related IEIs
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	31. Compared with MSMD
•Salmonellosis  is observed in half the patients with IL-12-related IEIs.
•VZV, HSV and CMV infections have also been observed in MSMD patients
with IFN-gR1 deficiency.
•A report of lethal T. marneffei infection in children with IFN-gR1deficiency.
Current Opinion in Immunology 2021, 72:206–214
 


	32. Compared with MSMD
•Onset
•  IFNgR1 deficiency
• Age at onset of the first mycobacterial disease differed widely between patients, with a
mean age of 11.25 +- 9.13 years.
•Family history
•Vaccination
• BCG vaccine
• Localized BCGitis or limited (usually cervical or pulmonary) lymphadenitis
• BCG vaccination without complications cannot exclude MSMD.
Stiehm's immune deficiencies,2nd edition
 


	33. Organs
Clin Infect Dis.  2020 Jun 24;71(1):53-62.
 


	34. Diagn Microbiol Infect  Dis. 2017 Aug;88(4):308-315.
Organs
 


	35. Skin manifestation
Acta Derm  Venereol 2018; 98: 742–747
 


	36. Fig. 1 Clinical  features and histopathology of the skin manifestations
(a, b, c) Clinical photographs of generalized pustular eruption (GPE)
(d) Skin biopsy from the GPE patient showing subcorneal and intraepidermal collections of neutrophils
Acta Derm Venereol 2018; 98: 742–747
 


	37. Fig. 1. Clinical  features and histopathology of the skin manifestations
(e, f) Patient with Sweet syndrome (SS)
(g) Histology of the SS patient revealed a dense neutrophilic infiltration in the
dermis
Acta Derm Venereol 2018; 98: 742–747
 


	38. Fig. 1. Clinical  features and histopathology of the skin manifestations
(h, i, j) Representative patient who exhibited both neutrophilic dermatosis (ND) and infections of other sites
(h) ND, multiple discrete erythematous papules and sterile pustules were found on the chest wall
(i) Enlargement of multiple cervical lymph nodes due to Mycobacterium abscessus infection
(j) Postinflammatory hyperpigmentation resulting from disseminated herpes zoster infection of C6-7-8, T1 dermatome
Acta Derm Venereol 2018; 98: 742–747
 


	39. J Dermatol .  2022 Jan;49(1):133-141.
 


	40. Clinical course
Autoantibody titers  (log10)
Chi et al. Medicine (2016) 95:25
More than half of the patients (27/45, 60.0%) had a persistent
NTM infection and required long-term antimycobacterial therapy
 


	41. Differential diagnosis
•From March  2015 to December
2018, prospectively enrolled 154
patients with one or more
unexplained opportunistic infections
in HIV negative patients
U.-I. Wu et al. / Clinical Microbiology and Infection 26 (2020)1684.e1e1684.e6
• 70 patients with disseminated NTM
• 50 anti IFN gamma
• 3 SLE
• 2 Rheumatoid arthritis
• 2 Lymphoma
• 2 Leukemia
• 1 IgG4-related disease
• 10 no identifiable risk factors for dNTM
 


	42. Incorrect diagnoses in  patients with
neutralizing anti-interferongamma-
autoantibodies
Compared clinical characteristics between patients with
neutralizing anti-IFNg Abs (case group, n ¼ 50) and those
without (control group, n ¼ 20)
U.-I. Wu et al. / Clinical Microbiology and Infection 26 (2020)1684.e1e1684.e6
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	45. Investigation
Experimental Biology and  Medicine 2021; 246: 790–795.
 


	46. Investigation
Experimental Biology and  Medicine 2021; 246: 790–795.
Essential both to detect AIGAs and to assess their
IFN-gamma-neutralizing activity
 


	47. Anti-Interferon-gamma Autoantibody
•Indirect ELISA
•  facilitates detection of human plasma immunoglobulin G IgG bound to
immobilized antigens on a polystyrene plastic plate
•Inhibitory ELISA
• quantifies the degree to which human plasma antibodies inhibit the detection of
concentration of IFN-γ, between pre-incubation of IFN-γ conditions with or
without human plasma
 


	48. Anti-Interferon-gamma Autoantibody
Sci Rep.  2020 Jun 2;10(1):8968.
Inhibitory ELISA is thus a practical, rapid, high performance tool
for routine detection of anti-IFN-gamma autoantibody and
NTM infection diagnosis before confirmation, enabling a timely
therapeutic strategy for active infection treatment
 


	49. Anti-Interferon-gamma Autoantibody
When applied  a cut-of inhibition titer ≥5,000 so
as to identify active infection symptoms, we
found that 84.9% of active infection patients
were identifed (range, 5,000–400,000) while
15.1% of them had an inhibition titer ≤1,000
(range, negative titer to 1,000).
Sci Rep. 2020 Jun 2;10(1):8968.
 


	50. Titers of anti-interferon-
gamma  autoantibodies
Most cases (95.6%) had an initial nAIGA
titer ≥10–4 dilution
Chi et al. Medicine (2016) 95:25
 


	51. STAT1 phosphorylation
•Intracellular staining  of phosphorylated STAT1
• Flow cytometry
• CD14
• pSTAT1
 


	52. Intracellular staining of  phosphorylated STAT1
N Engl J Med 2012;367:725-34.
 


	53. Investigation
N Engl J  Med 2012;367:725-34.
Group 1 - Disseminated, rapidly growing or slowly growing, nontuberculous mycobacterial infection
Group 2 - Other opportunistic infections with or without nontuberculous mycobacterial infection
Group 3 - Disseminated tuberculosis
Group 4 - Pulmonary tuberculosis
Group 5 - Healthy controls
 


	54. Investigation
•anti–IFN-γ autoAb clinical  testing
Between 2016 and 2018, at the
National University Hospital,
Singapore (ELISA inhibition assay+
STAT–1 phosphorylation)
•42 nonduplicative test request
• 10 (23.8%) were positive
• 32 (76.2%) were negative
•PPV
• NTM infection alone 0.154
• NTM infection with concurrent reactive
dermatosis 1.0
•NPV
• NTM infection alone 0.724
• NTM + RD 0.889
Clinical Infectious Diseases 2020;71(7):e199
 


	55. QuantiFERON-TB Gold
Use of  QuantiFERON-TB Gold In-tube
assay in screening for neutralizing
anti-interferon-γ autoantibodies in
patients with disseminated
nontuberculous mycobacterial
infection
U.-I. Wu et al. / Clinical Microbiology and Infection 24 (2018) 159e165
 


	56. Predictor
PLoS One. 2019  Apr 25;14(4):e0215581.
CRP showed the best performance for
disease assessment, with an area under
the receiver operating characteristic (ROC)
curve (AUC) of 0.88 (95% CI: 0.81–0.95).
 


	57. Predictor
Open Forum Infect  Dis. 2020 Jan 31;7(2):ofaa035.
Declines in WBC count, percentage of neutrophils, Hb, CRP,
ESR, and alkaline phosphatase levels were documented in
the remission stage and remained good parameters in
monitoring the patients, instead of using more complex
immunological investigations.
IL-1β, IFN-α, IFN-γ, TNF–α, MCP1, CCL2, IL-6, IL-8, CXCL8, IL-10, IL-
12p70, IL-17A, IL-18, IL-23, and IL-33 results were not significant
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	59. Treatment
•Antibiotics
•Rituximab
•Cyclophosphamide
•RCHOP
•Bortezomib
•Daratumumab
  


	60. Linezolid
• Using linezolid  as part of an antimycobacterial regimen for treatment of 16 refractory cases of
disseminated NTM at Srinagarind University
• The outcomes at the end of linezolid treatment
• Complete resolution of signs and symptoms - 8/16 patients (50%)
• Partial resolution - 4/16 patients (25%)
• No improvement - 3/16 patients (19%)
• Death – 1/16 patients (19%)
• Five patients developed an adverse reaction to linezolid; three of whom received 600 mg of
linezolid twice daily
• linezolid is useful for the treatment of disseminated-NTM infection, particularly in those with
limited choices for oral therapy.
• Low-dose linezolid can be safe and effective.
Southeast Asian J Trop Med Public Health. 2014 Sep;45(5):1125-31.
 


	61. Treatment-Rituximab
• Rituximab was  given at 375mg/m2 weekly for ≥ 4 doses and
then at wider intervals
• All patients received between 8 and 12 doses over the first
year with subsequent additional doses determined by
recurrence of infection.
Blood . 2012 Apr 26;119(17):3933-9.
 


	62. Treatment-Rituximab
Blood . 2012  Apr 26;119(17):3933-9.
 


	63. Treatment-Rituximab
•78-year-old Japanese man
•  Recurrent lymphadenopathy >>
Mycobacterium chelonae–abscessus group
infection
• Weakness >> C4–C6 diskitis and
osteomyelitis
• blistering rash on his hands >> LCV
Rituximab was administered according to lymphoma
dosing (375 mg/m2 ) with 100 mg
methylprednisolone every 7 days × 4 doses.
Clin Infect Dis. 2014 Mar;58(6):e115-8.
Eight months after rituximab treatment was initiated,
inhibition of IFN-γ signaling was not only sustained but
reduced to approximately 10% of the initial inhibitory level
 


	64. Treatment-Rituximab
• 67-year-old Japanese  female with
disseminated MAC involving bone, bone
marrow, lymph node, liver, and spleen.
• Biomarker
• CRP decreased with defervescence
• ALP decrease preceded improvement of
osteolysis
• IgG decreased right after rituximab, and after
resolution of dMAC infection
• sIL-2 finally decreased
J Clin Immunol (2017) 37:644–649
 


	65. Treatment- Cyclophosphamide
N =  11 N = 6
• IVCY
• First dose was given at 5 mg/kg and gradually increased at the
following cycles every 3 weeks targeting 15 mg/kg/dose
• The mean dose of intravenous cyclophosphamide given was
10.93 ± 1.54 mg/kg/ dose every 3 weeks.
• The total course of treatment given ranged from 5 to 13
cycles.
• Grade I adverse side effects, especially nausea and vomiting
during the first few days after IVCY, were observed in every
patient
• No adverse side effects other than grade I were observed.
• Rituximab
• was given at a dose of 500 mg intravenously on
days 1 and 15 initially.
• The need for subsequent doses was justified
depending on the clinical responses
• The total course of RTX varied from 2 to 6 cycles
• Grade I adverse side effects were documented in
all patients with fatigue
• No adverse side effects other than grade I were
observed
CONCLUSION
IVCY may be considered as alternative therapy
especially in resource-limited countries.
Open Forum Infect Dis. 2020 Jan 31;7(2):ofaa035.
 


	66. Treatment - RCHOP
•  A 77-year-old Japanese man with
disseminated MAC disease due to anti-
IFN γ autoantibodies received R-CHOP
chemotherapy because of diffuse large B-
cell lymphoma.
• After 6 cycles of chemotherapy, he was
diagnosed as being in complete
remission due to the absence of uptake
on PET-CT. The previously noted
intrahepatic lesions, diagnosed as MAC
nodules by liver biopsy, were also
invisible on PET-CT.
• He was in a steady state for the next
3 years.
R-CHOP could serve as an alternative adjunctive therapy for
patients with anti-interferon-gamma autoantibodies.
Open Forum Infectious Diseases, Volume 8, Issue 6, June 2021
 


	67. Treatment - Bortezomib
•Bortezomib  is a proteasome inhibitor.
•Proteasomes, enzyme complexes which regulate protein homeostasis
within the cell. Specifically, it reversibly inhibits chymotrypsin-like activity
at the 26S proteasome, leading to activation of signaling cascades, cell-
cycle arrest, and apoptosis.
•It is currently approved for the treatment of myeloma in the relapsed
setting post transplant or as a second line treatment in patients unsuitable
for transplantation.
Bortezomib: Drug information, Uptodate
 


	68. Treatment - Bortezomib
Rituximab  was started at 1g on D0, D14, D42,
and monthly for a total of 8 doses over 7 months.
Bortezomib 1.3mg/m2
subcutaneously on days 1, 4, 8, and
11 per cycle repeated every 23 days
• A 38-year-old Philippines woman with a history of
anti-IFNγ autoantibodies and disseminated MAC
presented with progressive infection despite
antimycobacterials.
• In 2018, she got left iliac osteomyelitis with
sacroiliac joint involvement and enhancement of
the surrounding musculature.
• Repeat biopsy of the left posterior iliac grew
MAC, and rituximab was restarted along with
rifampin, tedizolid, clofazimine, moxifloxacin and
azithromycin was continued.
• Despite no detectable CD20+ B-cells, her
infection continued to progress.
• After the addition of bortezomib, her inflammatory
markers decreased over the next 2–3 months and
clinical signs of infection stabilized.
• She continued to have slow clinical and
radiologic improvement throughout the
subsequent 6–8 months of treatment.
J Transl Autoimmun. 2021 May 4;4:100102.
 


	69. Treatment - Daratumumab
•  CD38
• is a transmembrane glycoprotein on
the surface of lymphocytes.
• is highly expressed in plasmablasts
and plasma cells, as well as B cells in
early maturation stages.
• Its variable expression is also seen on
erythrocytes, platelets, monocytes,
natural killer cells, dendritic cells, and
immunosuppressor cells (T-regulatory
cells, B-regulatory cells, and myeloid-
derived suppressor cells)
• anti-CD38 monoclonal antibody
• kill plasma cells and deplete
immunosuppressor cells
• Its potent immunomodulatory effects,
along with antiplasma cell activity,
might benefit patients with dNTM in
both the recovery of cellular immunity
and the elimination of anticytokine
autoantibodies.
Clin Infect Dis. 2021 Jun 15;72(12):2209-2211.
 


	70. Treatment - Daratumumab
Clin  Infect Dis. 2021 Jun 15;72(12):2206-2208.
Stop due to transaminitis
Clinical progress
Despite receiving azithromycin,
ethambutol, tedizolid,
moxifloxacin, and clofazimine,
the disease was progress.
A 31-year-old Filipino-born woman
with M. avium soft tissue and bone
infection
After starting daratumumab (16 mg/kg intravenously [IV]
weekly for 5 doses), there was clinical and radiographic
improvement, with reduced pain and disappearance of
multiple soft tissue lesions.
 


	71. Anti-Interferon-gamma Autoantibody-Associated
Immunodeficiency
• Epidemiology
•  Southeast Asia, Taiwan, Japan and South China
• Pathogenesis
• Anti-Interferon-gamma autoantibody
• Clinical manifestation
• Disseminated NTM infection, with or without other opportunistic infections
• Neutrophilic dermatoses
• Investigation
• Anti-Interferon-gamma autoantibody AND STAT1 phosphorylation
• Treatment
• Antibiotics
• Immunosuppressive drugs
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