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Infection is No. 1 killer for the human being



Our weakness

Infection is No. 1 killer for the human being



Infection diseases: not only microbe

Casanova, Annu. Rev. Genom. Human Genet 2013



Mice, a very useful 

model for biomed 

studying, very close 

to human

Infectious diseases: no better model than human nature

But we are different

Particular for 

immune system 

In mice:

C-reactive protein level 
is relative constant

In human:

*C-reactive protein level is 
regulated by IL-6

* Mannose-binding protein 
is no crucial in human

Human and mice have separated from 95 million years ago.



Human got infected by nature, not needle

Viral and bacterial infections
Mice were infected intravenously with 1  106 plaque-forming units of LCMV
(Armstrong strain). Sera obtained from LCMV-infected mice on day 3 after 
infection were quantified for IFN- levels by sandwich ELISA using a 
comparison with recombinant mouse IFN-g standards. To determine NK cell 
cytolytic activity, spleen cells of LCMV infected mice were prepared on day 3 
after infection and assayed for lysis of YAC-1 cells in a standard 51Cr release 
assay for 4.5 h. Per cent specific lysis was determined from the activity in the 
culture supernatants according to the formula: (sample c.p.m. – spontaneous 
c.p.m.)/(total c.p.m. – spontaneous c.p.m.)  100; where c.p.m. is counts per 
minute. For bacterial infections, S. aureus was cultured in trypticase soy 
medium, collected, and resuspended in PBS before use. Mice were injected 
intraperitoneally with 1  107 CFU viable S. aureus, and the survival of 
animals was monitored for 10 days.

Nature 2002. 416:750

Technical problem of infection model
- Host tropism 
- Dose
- Route of infection



Mycobacterial infection

Tuberculosis
• Strong pathogenic, however, only a small fraction of exposed 

individuals showed clinical manifestation

NTM (non tuberculosis mycobacterium)
• Ubiquitous organisms ( Soil, water, domestic…), most are not 

pathogenic

• Susceptibility to NTM infection only in certain individuals

- young and elderly (isolated: lymph node, lung….)

- HIV/AIDS, immunocompromise condition (disseminated)

- unknown

Different susceptibility and severity in exposed individual

→ Due to the different microbe strain?!



Source: Jouanguy, NEJM 1995; Casanova, Lancet 1995

Different susceptibility and severity in exposed individual, 

host factors play critical roles?



Molecular mechanism of mycobacterial infection in children

Mendelian susceptibility to mycobacterial diseases (MSMDs).
Patients suffered from

- Disseminated mycobacterial infection
- Salmonella

Inborn errors of the Interleukin (IL)-12/Interferon (IFN)-γ

MSMD and human immunity to mycobacteria MSMD

• ILRB1
• IL12B
• ISG15
• SPPL2A
• IRF8
• TYK2
• IFNGR1
• IFNGR1
• STAT1
• NEMO
• CYBB

Syndromic 
MSMD
• STAT1 (AR)
• IRF8 (AR)
• ROR
• GATA2 (AD)



24 01342 0

33610

0174 0
0

10000

20000

30000

40000

50000

Ctr003 NTM001

IF
N

-
(p

g
/m

l)

NA
BCG
BCG+IL-12
LPS

0 90
277 381

2434

522

1022

1584

0

1000

2000

3000

4000

Ctr003 NTM001

IL
-1

2
 (

p
g
/m

l)
  
 

NA

BCG

BCG+IFN-γ
LPS

NTM01: Female, 50 yrs

Mycobacterium scrofulaceum

Adult disseminated NTM infection

Mycobacterial infection          Child: Inborn genetic defect

Michel Levin,
J Clin Invest 2005

Steven M Holland,
J Immunol 2005

Conny Hoflich, 
Blood 2005

Rainer Doffinger,
Clin Infect Dis 2004

Adult: anti-IFN- autoantibodies



High Prevalence of anti-IFN-γ autoantibodies in Taiwanese 
patients with disseminated NTM infection (dNTM)

Whole Blood (with plasma) PBMCs (without plasma)

Chi, Blood 2013



46%54%

Male

Female

87%

7%
7%NTM

TB

NTM+TB

26%

20%

17%

37%

Zoster

Salmonellosis

both

non

Opportunistic infection

• T. marneffei (4)

• Legionellosis (2)

• Aspergillosis (1)

• S . Aureus (1)

Autoimmune

• Hypothyroidism (2)

• Behcet disease (1)

• Sweet's syndrome (1)

Malignancy

• Peripheral T-cell lymphoma 
(PTCL) (3) 

• Langerhans’ cell histiocytosis X 
(1)

• We had found 133 cases, the biggest single cohort in Taiwan, maybe also for world-wide
• 46 cases clinical information summarize

Gender                           Mycobacterial infection                          Co-infection  

Other Signs

Chi and Ku, Medicine 2016

Clinical feature of patients with anti-IFN-γ autoantibodies 



Pt. Age Se
x

Onse
t 

Pathogens Laboratory data

1 54 M 50 yr Mycobacterium
Salmonella Penicillium marneffei

HIV (-), ANA (-); RA<20; SSA (-), SSB (-), C3/C4:199/74.5, C-ANCA (-
), P-ANCA (-), Coomb’s test (-), HLA-B27 (-), IgG/A/M: 
1980/159/65.8 (08/10), 

2 50 F 47 yr Mycobacterium AFP: 27.3, CEA:3.26, CA-125: 70, CA-199:3.72, IgG/IgA/IgM/IgE: 
1310/458/137/27.4

3 68 M 18 yr Mycobacterium 
Salmonella enteritidis B

ANA (-), anti-nDNA: 1.9, RA: 88.7, C3/C4: 202/25.1, C-ANCA (+), P-
ANCA (-), CEA: 0.46, SCC: 12.8; IgG/A/M/E: 2980/968/94/173

4 46 F 44 yr Salmonella enteritidis D 
Mycobacterium

SSA/SSB (-), IgG/A/M: 1770/3.9/89.2, BM(-), IEP (-)

5 55 M 53 yr Mycobacterium terraes C3/C4: 210/27, RF<20, ANA-1:40, AFP: 1.7, CEA:1.93, PSA:1.037, 
CA19-9:15.9, SCC: 0.9
IgG/A/M/E: 1870/312/116/11.52,

6 81 M 81 yr Nontuberculous mycobacterium ANA (-), RA<20, IgG/A/M: 1780/432/92.6
IgE:521.70, C3/C4: 131/36.1
AFP:2.73, CEA: 0.84, PSA: 17.899, CA199: 32

7 66 M 61 yr Nontuberculous mycobacterium HIV (-), RF<20, ANA (-), Ig G/A/M-1340/367/55.6, C3/C4-115/27.2, 
IgE-388.91, , CEA-1.22, , CA199-10.2, PSA-1.23, CA125-117.9

8 87 M 84 yr M. scrofulaceum
S. aureus

ANA-1:40, APF-3.61, CEA-1.72, PSA-3.14, CA199-12.8, 

9 48 M 44 yr Mycobacterium avium complex,

S. enteritidis

WBC: 7120 (54.4/29.2/4.9/10.5/1)

10 61 F 59 yr Nontuberculous mycobacterium IgG/A/M: 1550/206/108, RA<20, C3/C4: 171/64; ANA: 1:40, AFP: 1.92, 

CEA: 1.44, CA-125: 9.5, CA19-9: 4.1
11 49 M 48 yr Mycobacterium kansasii HIV (-), colonoscope: polyps, AFP: 1.45, CEA: 1.14, PSA: 5.671, CA19-9: 

9.4; ANA: 1:40, IgG/A/M: 1990/191/182, RA<20, C3/C4: 166/27.9
12 56 F 48 yr Nontuberculous mycobacterium AFP: 1.7, CEA<0.45, SCC:0.5, IgG/A/M: 2340/639/124, RA<20, ANA: 

negative, HIV (-), nomral thyroid function 

Characteristics of Patients with Disseminated Non-tuberculosis 
Mycobacterium Infections

Chi, Blood 2013



Strongly associated with HLA-DRB1*15:02/16:02 and HLA-
DQB1*05:01/05:02 across Southeast Asia

Chi, Blood 2013; Ku, J Allergy Clin Immunol 2016



Frequency of DRB1*15:02, 16:02 and DQB1*05:01, *05:02

Ku, J Aller Clin Immunol 2016

DRB1*15:02

DRB1*16:02

DQB1*05:01

DQB1*05:02



Anti-IFN- autoantibodies underlie the fungal infection

Pathogens other than mycobacterial species
Pathogen No of Patients (%)
Non-typhoid Salmonella 
species 

18/45 (40.0)

Legionella pneumophila 1/45 (2.2)
Staphylococcus aureus 1/45 (2.2)
Talaromyce marneffei 4/45 (8.9)
Aspergillus species 1/45 (2.2)
C. neoformans 1/45 (2.2)
Epstein-Barr virus 1/45 (2.2)

Lee, Front Immunol 2017 ; Chi and Ku, Medicine, 2016

T. marneffei distribution Anti-IFN- autoAbs distribution

Talaromyce marneffei 
Aspergillus spp.
Cryptococcus neoformans



Talaromyces marneffei (Penicillium marneffei)

Dimorphic fungus Natural host: bamboo rat

Disease: Penicilliosis

Site:  Skin lesions in tropics, pneumonia, systemic disease

Outcome: Lethal without treatment with anti-fungal drug

Patients: immunocompromised individuals 

- advance HIV patients 

- children with primary immunodeficiency 

(GOF STAT1; IFNGR; CD40L; gp91)

T. marneffei distribution



Anti-IFN- autoantibodies underlie T. marneffei infection

High prevalence (55/58) anti-IFN- autoantibodies in T. 

marneffei infection patients without HIV or known immune 

incompetent

IgG1 and IgG4 are the major subclass of 

autoAbs

Ding, Jing Ya

Guo, J Exp Med 2020



Neutralizing anti-IFN- autoAbs impair anti-T. marneffei Immunity

IFN- neutralizing assays

IFN--mediated T. marneffei killing

Guo, J Exp Med 2020



Clinical features of T. marneffei infection with anti-IFN-γ autoantibodies

 
Clinical features Number (n = 55) Percentage (%) 

Symptoms/signs   

Fever 47 85.5% 

Leukocytosis 46 83.6% 

Cough 44 80.0% 

Weight loss 43 78.2% 

Lymphadenopathy 42 76.4% 

Anemia 34 61.8% 

Thrombocytosis 30 54.5% 

Cutaneous or subcutaneous lesion 28 50.9% 

Misdiagnosed as tuberculosis 28 50.9% 

Malaise 25 45.5% 

Arthritis or arthralgia 19 34.5% 

Lymphopenia  13 23.6% 

Abdominal pain or diarrhea 11 20.0% 

Chest pain 11 20.0% 

Dyspnea 11 20.0% 

Hepatomegaly 9 16.4% 

Thrombocytopenia 7 12.7% 

Splenomegaly 6 10.9% 

Hemoptysis 5  9.1% 

Osteomyelitis 2  3.6% 

 

Organ involvement   

Lung/pleura 55 100.0% 

Lymph node 43 78.2% 

Skin 26 47.3% 

Bone/joints 13 23.6% 

Liver 8 14.5% 

Spleen 5  9.1% 

Pathogens other than T. marneffei from 
patients with anti-IFN-γ

Pathogen Number of 
Patients (%)

VZV 8 (14.5)

NTM 7 (12.7)

Salmonella spp. 4 (  7.3)

CMV 3 (  5.5)

Candida albicans 3 (  5.5)

M. Tuberculosis 3 (  5.5)

K. pneumoniae 3 (  5.5)

Aspergillus 1 (  1.8)

• Mortality: 13/43 (30.2%)

• Recurrent infection: 19/30 (63%) 

• Reactive skin lesions : 7/55 (12.7%)

Guo, J Exp Med 2020



Anti-IFN- autoAbs: Late-onset Immunodeficiency

Shih HP, Cur Opin Immunol, 2021

• Anti-IFN- autoantibodies are the underlie etiology for the 
susceptibility to T. marneffei

• Not only to mycobacterium, IFN- pathway is critical to control 
the T. marneffei and maybe for other fungal through activation 
macrophage.

• This is an example to demonstrate the impact of population 
genetic and natural environment to the host immunity against 
infection



Whether Autoantibodies recognize a major region in IFN- peptide ?

Synthetic  peptides covered full IFN- Binding competition assay

Peptide Scan

Lin, Nat Med 2016



P121-131 (SPAAKTGKRKR) recognized by anti-IFN- AutoAbs

Autoantibodies recognize the IFN- protein deletion clone

IFN- deletion clones IFN- structure

Binding of autoAbs to IFN-  deletion clone (ELISA) (Western blot)
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The P125–133 epitope was 100% positive homology to amino acids 105–113 of the ribosome assembly

protein Noc2 of A. terreus

The origin of AutoAbs against IFN-

 

 

Protein	 Species	 AA	 	 AA	 Positive	
Accession	

code	

IFN-g P125–133	 Homo	sapiens	 125	 AAKTGKRKRSQML 133	 -	 GI:	56786138	

Ribosome	assembly	protein	Noc2	 Aspergillus	terreus		 105	 TPKTGKRKRSEQQ 113	 9/9(100%)	 GI:	115397505	

Ribosome	assembly	protein	Noc2	 Aspergillus	fumigatus		 100	 TPKIGKRKRSEEQ 108	 8/9(89%)	 GI:	159131733	

Ribosome	assembly	protein	Noc2	 Aspergillus	flavus		 102	 TPKTGKRKRTEEQ 110	 8/9(89%)	 GI:	238483989	

Ribosome	assembly	protein	Noc2	 Aspergillus	nidulans	 103	 SPKIGKRKRSETQ 111	 8/9(89%)	 GI:	67517347	

Ribosome	assembly	protein	Noc2	 Aspergillus	niger	 102	 TPKIGKRKRSDEQ 110	 7/9(78%)	 GI:	317025642	

Hypothetical	protein	CNAG_05000	 Cryptococcus	neoformans	 623	 LGSTGKRKRSSMG 631	 7/9(78%)	 GI:	405119493	

Hypothetical	protein	OCO_15660	 Mycobacterium	intracellulare	 124	 NPAGGKRKRSQ - - 132	 7/9(78%)	 GI:	379753578	

Diguanylate	cyclase	 Clostridium	sp.	MSTE9	 14	 KEQSKKRKRSQMT 22	 6/9(67%)	 GI:	496353461	

Table 2. Homology between hIFN-g peptides P125–133 and Aspergillus spp. Noc2 proteins 

Amino acid numbers correspond to those of proteins in The National Center for Biotechnology Information (NCBI) database. AA, amino acid 

number. 

Blast of P121–133 in NCBI database

If Molecular Mimicry happened :

Patient: need to be infected or “exposed” to microbe

Autoantibodies limited epitopes found on antigen

Antigen A similar structure/sequence found in microbe

Example of Molecular Mimicry: 
Autoantibodies to neutrophil cytoplasmic antigens 
(ANCA)



Antibodies induced by Aspergillus Noc2 cross-react with IFN- and vice versa.

Anti-Noc2 antibodies cross-react with IFN- in vivo?
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Summary

Noc2
aa 105-113

IFN-, aa 125-133

Molecular 
Mimicry

Infection with Aspergillus 

NK cell / T cell
Macrophage / DC

Anti-IFN-

IFN- IFN-R

STAT1

STAT4

IL12R

IL12

IFN-R

Mycobacteria

Plasma cell

NK cell / T cell Macrophage / DC

Anti-IFN-

IFN-

IFN-R STAT1

STAT4

IL12R

IL12

IFN-R

Mycobacteria

EE-IFN-

EE-IFN-
EE-IFN-

I. AutoAb against C-terminal II. Molecular mimicry

III. Therapeutic

Lin, Nature Medicine 2016



Anti-IFN- autoAbs: autoimmunity and cancer?!

Tsai WT, Front Immunol 2025

• IFN- considered play critical role 

in anti tumor immunity.

• However, little genetic evidence in 

human supports.



Pleiotropic effects and signaling transduction of GM-CSF 

GM-CSF is a hematopoietic cell regulator

Dendritic cells Epithelial cells

Monocyte Neutrophil

14 kDa

Survival

Cytokine production

Differentiation

Survival

ROS production

Phagocytosis

Survival

Cytokine production

Proliferation

Repairment

GM-CSF binds GMRα and GMRβc to 

trigger JAK2-STAT5 signaling activation



Pulmonary alveolar proteinosis (PAP)
- Pulmonary autoimmune disease
- Diagnosis

(1) Ground-glass opacification of chest CT
(2) Milky like bronchoalveolar lavage fluid
(3) Surfactant protein accumulation

Critical pathogenesis of PAP: GM-CSF signaling blockade

Pulmonary alveolar proteinosis (PAP) and GM-CSF autoAbs

PAP Chest CT Healthy PAP

Autoimmune PAP (90%)
Autoantibody block GM-CSF

Congenital PAP (<1%)
GM-CSF receptor deficiency
Surfactant protein mutation

Secondary PAP (~10%)
Toxin, malignancy, infection…

Unclassified PAP (<1%)
Pathogen undefined



Infection phenotype of GM-CSF autoAbs: Cryptococcosis and Nocardiosis

Cryptococcus spp.
- A fungal pathogen infectious disease
- C. neoformans in 

immunocompromised 
people (ex. HIV)

- C. gattii in 
immunocompetent people

- Cause severe pneumonia 
and meningitis

GM-CSF autoAbs in cryptococcosis

Plasma
Anti-GM-CSF autoAbs

Healthy PAP Cryptococcal
Meningitis

Cerebrospinal fluid (CSF)
Anti-GM-CSF autoAbs

Healthy
Cryptococcal

Meningitis

Rosen, J Immunol 2013

- A bacterial pathogen.
- N. asteroides, N. farcinica, 
N. brasiliensis
are common found in human.

- Mostly be found in immune
-compromised patients.

- Commonly Infected location: 
brain and pulmonary.

Nocardia spp.

GM-CSF autoAbs in nocardiosis

Multiplex screening of immunocompetent nocardiosis 
patients

Rosen, Clin Infect Dis 2014 



GM-CSF autoAbs screening in Taiwan cryptococcosis

Infection phenotype of GM-CSF autoAbs in different ethnic cohort

GM-CSF autoantibodies neutralizing abilities

Kuo, J Clin Immunol 2017

Kuo, Chen-Yen



CNS Cryptococcosis as major manifestation 

Kuo, J Clin Immunol 2017



Cryptococcus gattii Infection as the Major Manifestation in Taiwan

Kuo, Chen-Yen

Wang and Lo, J Clin Immunol 2022

GM-CSF autoAbs positive

GM-CSF autoAbs negative



GM-CSF autoAbs are not associated with specific HLA type

Lo and Wang, J Clin Immunol 2022

Anti-IFN-γ autoAbs were strongly associated HLA 

DRB1 15:02 and 16:02

High prevalence found in 

Southeast Asia and South 

China; associated with 

specific HLA alleles found 

in Baiyue

DRB1*15:02                       DRB1*16:02 

HLA
Patient 

(2n=42)

Control 

(2n=1008)
P-value

DRB1*03:01 0.048 (2) 0.087 (87) 0.572

DRB1*07:01 0.024 (1) 0.028 (28) 1.000

DRB1*08:03 0.167 (7) 0.086 (86) 0.089

DRB1*09:01 0.143 (6) 0.166 (167) 0.834

DRB1*11:01 0.071 (3) 0.080 (80) 1.000

DRB1*12:01 0.024 (1) 0.033 (33) 1.000

DRB1*12:02 0.095 (4) 0.086 (86) 0.777

DRB1*13:12 0.024 (1) 0.006 (6) 0.249

DRB1*14:01/54 0.095 (4) 0.039 (39) 0.088

DRB1*14:05 0.024 (1) 0.022 (22) 0.613

DRB1*14:07 0.024 (1) 0 (0) 0.040

DRB1*15:01 0.167 (7) 0.068 (68) 0.025

DRB1*15:02 0.048 (2) 0.023 (23) 0.264

DRB1*16:02 0.048 (2) 0.048 (48) 1.000

DQB1*02:01 0.048 (2) 0.086 (86) 0.571

DQB1*02:02 0.024 (1) 0.024 (24) 1.000

DQB1*03:01 0.214 (9) 0.212 (213) 1.000

DQB1*03:03 0.143 (6) 0.171 (172) 0.834

DQB1*04:01 0.024 (1) 0.069 (69) 0.356

DQB1*05:01 0.024 (1) 0.025 (25) 1.000

DQB1*05:02 0.119 (5) 0.093 (94) 0.586

DQB1*05:03 0.095 (4) 0.049 (49) 0.157

DQB1*06:01 0.238 (10) 0.107 (108) 0.020

DQB1*06:02 0.071 (3) 0.034 (34) 0.181

DPB1*01:01 0.025 (1) 0.001 (1) 0.075

DPB1*02:01 0.150 (6) 0.172 (173) 0.833

DPB1*02:02 0.025 (1) 0.085 (85) 0.246

DPB1*03:01 0.025 (1) 0.054 (54) 0.718

DPB1*04:01 0.050 (2) 0.081 (81) 0.764

DPB1*05:01/135

:01
0.575 (23) 0.437 (440) 0.104

DPB1*13:01/107

:01
0.050 (2) 0.066 (66) 1.000

DPB1*19:01 0.025 (1) 0.013 (13) 0.422

DPB1*21:01 0.075 (3) 0.019 (19) 0.048

HLA analysis of 21 GM-CSF

autoantibody-positive patient in Taiwan

DRB1

DQB1

DPB1



GM-CSF autoAbs PAP and cryptococosis are not overlapping 

Year
PAP

n/1,000,000 (%)

Cryptococcal 
meningitis
n/1,000,000 (%)

Intersection of 
A and B

1996 0 (0.00) 5 (1.99) 0 (0.00)
1997 1 (7.69) 2 (0.80) 0 (0.00)
1998 0 (0.00) 11 (4.38) 0 (0.00)
1999 1 (7.69) 10 (3.98) 0 (0.00)
2000 0 (0.00) 10 (3.98) 0 (0.00)
2001 0 (0.00) 14 (5.58) 0 (0.00)
2002 2 (15.4) 19 (7.57) 0 (0.00)
2003 0 (0.00) 9 (3.59) 0 (0.00)
2004 0 (0.00) 22 (8.76) 0 (0.00)
2005 3 (23.1) 24 (9.56) 0 (0.00)
2006 0 (0.00) 9 (3.59) 0 (0.00)
2007 1 (7.69) 17 (6.77) 0 (0.00)
2008 1 (7.69) 13 (5.18) 0 (0.00)
2009 2 (15.4) 14 (5.58) 0 (0.00)
2010 0 (0.00) 20 (7.97) 0 (0.00)
2011 1 (7.69) 29 (11.6) 0 (0.00)
2012 1 (7.69) 23 (9.16) 0 (0.00)
Total 13 (100) 251 (100) 0 (0.00)

Taiwan real-world data 
National Health Insurance Research Database

Lo and Wang, J Clin Immunol 2022
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No difference of autoAb’s composition, titer and, neutralizing

Autoantibodies titer
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Ant-GM-CSF Abs in patient with Sjögren syndrome 

Sjögren’s syndrome (SS): A systemic autoimmune disease characterized by dry 
eyes and dry mouth.



Type I interferon

• IFNα (IFNA1, IFNA2, IFNA4, IFNA5, IFNA6, IFNA7, 
IFNA8, IFNA10, IFNA13, IFNA14, IFNA16, IFNA17 
and IFNA21), IFNω (IFNW1), IFNɛ (IFNE), IFNк 
(IFNK) and IFNβ (IFNB1)

• IFNα is the master IFN produced by pDC; and 
IFNβ is expressed in most cells.

• The receptors (IFNAR1, IFNAR2) are widely 
expressed in most cell types.



Anti-IL-17 and type I IFN autoAbs cause mucocutaneous candidiasis in 
APS-I

Puel, J Exp Med 2010

High titers of auto-Abs against IFN-, IL-17A, IL-17F, and IL-22

APS-I: Autoimmune Polyendocrine 
Syndrome type I ( Also called APECED,  
mutated in AIRE)

→ Lost of self-tolerance (autoimmune disease) might induce the production of 
Anticytokine Abs, which might cause the clinical infectious problems



TLR3-dependent type I immunity in RECs and TLR7-dependent type I IFN immunity 

in pDCs are strong determinants of protection against SARS-CoV-2

Zhang, Nature 2022; García-García, J Exp Med 2023; Zhang, J Exp Med 2022

**

*
*

*: additional identified genes associated with severe COVID-19 pneumoniae 

• Gene involved in the related pathway also reported 
to cause the susceptibility to viral infection
Ex: HSV, influenza, yellow fever vaccine….



Anti-Type I IFN autoAbs underlie severe COVID-19 pneumonia

Bastard, Science, 2020



Anti-Type I IFN autoantibodies and other viral infections

Zhang , J Exp Med 2022



Type I IFN deficiency and severe viral diseases

Gervais A et al., J. Exp. Med, 2023

Qian Z  et al., J. Exp. Med, 2022

~ 30 % of patients with adverse effects to YF vaccines 

~ 15% of patients with critical COVID-19 pneumonia

~ 20 % of patients with COVID19 death

~ 5 % of patients < 70 yr with critical influenza pneumonia

~ 40 % of patients with West Nile virus encephalitis

~ Severe tick-borne encephalitis (~10%)
Gervais A et al., J. Exp. Med, 2024

Bastard P et al., Sci, 2020

Bastard P et al., J. Exp. Med, 2021

Gervais A et al., J. Exp. Med, 2024

Anti-IFN-I autoantibodies



Anti-Type I IFN autoAbs cause the predispose to viral infections

Bastard, Immunol Rev 2024



Genetic factors for the ACADs

Cheng A, Nat Rev Immunol 2024



Genetic factors for the ACADs

Cheng A, Nat Rev Immunol 2024



Inborn errors of antiviral 

type I IFN immunity

Host factors for the susceptibility of Severe SARS-CoV-2  and other 

viral Infection in Taiwanese Children

Chang Gung Memorial Hospital .gif

https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcRN2kDjfHIbev1iMfmbX6u6arWApqxO5_8CHFULvfB0AWkXyuMAAg

Children with severe viral infection
(SARS-CoV-2, MIS-C, HSV encephalitis, influenza, adenovirus, enterovirus….)

Anticytokine autoantibodies

• Functional screening
• Whole exomic sequence
• Whole genomic sequence

• Functional screening
• Autoantibody detection

Mechanical studying

Genetic             Clinical analysis   Biochemical assay     In vitro assay       High dimension       Animal model

http://zh.wikipedia.org/wiki/File:Chang_Gung_Memorial_Hospital_.gif
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=RZkJmXAtqY-UoM&tbnid=EePN64x6sC3hXM:&ved=0CAUQjRw&url=http://www.mmh.org.tw/intro/intro3.asp&ei=3axpU4CxO4z48QXO34LIDA&psig=AFQjCNHe0V9F61bF4kL8imI2fST0PErQ0Q&ust=1399520856724670


Anti-type I IFN Auto-Abs underlie the severe viral infection 

Children
(≦18yr)

Numbers anti-IFN-ω auto-Ab
(Positive number)

anti-IFN-ω auto-Ab 
(percentage)

Health 
(HDs)

455 7 7/455 (1.5%)

n=102
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Anti-type I IFN Auto-Abs underlie the severe viral infection 

cell viability by CCK8 Viral load of HAdVB7 by qPCR  

pretreatment Infection 

HC’s

plasma 

1% plasma

Pt’s

plasma 

HC’s

plasma 

Pt’s

plasma 
HC’s

plasma 

Pt’s

plasma 

Virus induced-cell death assay Virus replication assay

Fibroblast
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Our findings suggest that anti-IFN-ω autoantibodies is the underlie mechanism for the severe 

adenoviral pneumonia in children, and highlight the non-redundant IFN-ω effect to adenoviral infection



Cloning antibodies by single human B cell capture method

Method of isolation of human antibody

Human Plasma

Laser Sensor

Memory B cells Ag baiting 
Flow cytometry 

sorting Single B cells

IFN-γ

IgH

mRNA

IgL

mRNA

Nested-PCR Sequencing IgG expression vector

Scheid, Nature 2009; Chen, J Aller Clin Immunol 2016



Anti-IFN-γ mAbs are categorized into 3 binding epitopes

–, no binding detected or too low to be determined; 

+, binding nm shift < 0.5; ++, binding nm shift > 0.5 

Epitope Binning

Shih, J Exp Med 2022



Extreme High Affinity anti-IFN-γ mAbs with nM Scale

Shih, J Exp Med 2022



Potent neutralizing anti-IFN-γ mAbs in-vitro
T
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Luciferase assay

Shih, J Exp Med 2022



Site I mAb directly disrupt the IFN-γ and its R1 binding

IFN-γR1

Biotin-IFN-γ

SAV-HRP

α-IFN-γ mAb

α-hIgG-HRP

IgG Ctrl.

Site II & III mAb

Site I mAb

IgG Ctrl

In-vitro IFN-γR1 ELISA 

‘n’ denotes as neutralization

Shih, J Exp Med 2022



The site II & III mAbs anchoring on the cell through IFN-γ

THP-1 IFN-γ R1R2 IFN-γ

α-IFN-γ mAb α-hIgG-PE

Site – I II II II II II II III III

Neutralization – + + + + – – – + –

Shih, J Exp Med 2022



Site II 2B6(K3) clone strongly prevents IFNGR hetero-dimerization

IFN-γR1–IFN-γ R2 dimerization unstimulated +IFN-γ
pre-incubated

IFN-γ + 2B6

Osnabrück University
Jacob Piehler, Ph.D.

Shih, J Exp Med 2022



Site III mAbs activate Fc receptor through exposed Fc region

JurkatTHP-1

Fc receptor IFN-γR1R2

IFN-γ

α-IFN-γ mAb

Shih, J Exp Med 2022



Mode of actions of AIGAs

Disrupt cytokine binding Obstruct receptor hetero-dimerization Immune complex formation

ADCC

IFN-γ

IFN-γR1IFN-γR2

NK cells

Fc receptor

Perforin,

Granzyme



Conclusion

Cryptococcal

Infection

62

B cell 

cloning 

STAT5 AKT

MEK1/2

ERK1/2
P P P

P

STAT5 AKT

MEK1/2

ERK1/2
P P P

P

STAT5 AKT

MEK1/2

ERK1/2
P P P

P

GM-CSF

GMRα GMRß
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New therapeutic mAbs



Cloning of anti-type I IFN autoantibodies

• High-affinity type-I IFN-specific memory B cells preexist severe viral infection

• IFN-α2/ω neutralization potential is gained through extended affinity maturation

• Pathogenic auto-Abs target three major antigenic sites on type-I IFNs

• Structural atlas of anti-IFN mAbs highlights epitope restricted cross-reactivity Fournier, Cell 2026



Chi and Ku, Medicine 2016

Persistent infection despite of antibiotic treatment



B-cell depletion as a precision treatment strategy for ACAD

Rationale

ACADs are driven by pathogenic autoantibodies. Depleting CD20+ B cells can reduce new autoantibody 
production, but long-lived plasma cells may persist.

Rituximab
anti-CD20

B-cell
pool decreases

AutoAb activity
may decrease

Cytokine signal
may recover

Where evidence is strongest

• Anti-IFN- autoAbs (AIGA)
• Refractory or relapsing NTM / 

Talaromyces / Salmonella
• Used with prolonged pathogen-

directed therapy

Possible but less established

• Anti-GM-CSF autoAbs in 
autoimmune PAP: variable response

• Anti-IL-10 autoAbs in IBD: early 
case-level evidence

• Anti-type I IFN autoAbs: not routine; 
plasma cells may dominate

Limitations

• Does not remove plasma cells
• Titer may fall slowly or 

incompletely
• Hypogammaglobulinemia / 

infection risk
• Relapse after B-cell reconstitution

Monitoring

• Clinical response 
• neutralizing activity
• cytokine signaling rescue 
• CD19/CD20 count 
• IgG level
• cultures / imaging

B-cell depletion is most rational when active B cells sustain 
pathogenic cytokine-neutralizing antibodies; persistent plasma-

cell antibody production may require other strategies.

Ku, Curr Opin Infect Dis 2019; Browne, Clin Infect Dis 2020; Griffin, NEJM 2024; Resp Res 2018



Inhibitory Decoy to retore cytokine’s function

Groen K, JEM 2025



Chimeric autoantibody receptor (CAAR) T cells for targeted therapy of 

anti-IFN-𝛾 autoantibodies diseases

CD3ζ

4-1BB

IgG hinge ΙgβIgα

IFN-γ variantmembrane

AIGA IgG

IFN-γ CAAR T cell AIGA BCR target cell

105 PBMCs each well

E:T ratio: 1:30

Time: 10 days

Clonal dissection of AIGA memory B cells 
after IFN-γ CAAR T cells treatment

Peng JJ, Sci Immunol 2025



Anti-IL-12 autoantibodies and infections

• Only few cases had been reported.
• Most cases are non-neutralizing and be 

reported in thymoma patients.



Anti-IL-12 autoantibodies and infections

Cheng, NEJM 2024

• Anti-IL12/23 and IL23 drug showed a high safety in preclinical study and real-world
• A possible co-founding factor of thymoma and infections



IL-10 and autoinflammatory diseases

IL-10, a suppressive cytokine

Guo Z, Pathogens 2025



Glocker, NEJM 2009; Glocker, Lancet 2010; Xiao J, Clin Rev Allergy Immunol 2026 

IL-10 deficiency and Inflammatory Bowel Diseases



IL-10 blockade by autoantibodies as an acquired phenocopy

Key observation

• Whole blood did not respond to IL-10
• Washed PBMCs recovered normal signaling
• Patient serum blocked IL-10 reporter assays

Clinical signal

• Infantile-onset IBD can mimic IL-10 pathway deficiency
• B-cell depletion lowered anti-IL-10 titer
• IBD therapy could later be withdrawn

Interpretation

Anti-IL-10 behaves like a soluble receptor defect:
the receptor pathway is intact, but the cytokine is neutralized 

before signaling.

Griffin, NEJM 2024



173 /4909
IBD patients 

positive

3.5%
Prevalence in 

IBD

0 / 1006
Controls positive

HLA association

HLA-DRB1*01:03 showed very strong association with anti-IL-10 

seropositivity.

Imputed odds ratios: 50.0 in Oxford; 24.7 in UK IBD BioResource.

Functional readout

• High anti-IL-10 activity reduced detectable IL-10

• Patient serum showed exaggerated proinflammatory cytokine 

release

• This supports functional neutralization, not only binding

Gharahdaghi, NEJM 2026

The 2026 cohort linked anti-IL-10 seropositivity to HLA-DRB1*01:03



Anticytokine autoantibodies: an emerge etiology for infectious diseases

Noma, Immunol Med 2025



Take Home Message

• In infectious diseases, the contribution of host factors are largely under-estimated.

• ACADs are emerging as an acquired cause of immune dysregulation, infectious susceptibility, and 
inflammatory disease, particularly in adults.

• Anti-type I IFN autoantibodies are relatively common in the general population, especially in older 
adults over 60 years, and markedly increase susceptibility to severe viral infections.

• Anti-IFN- autoantibodies, or AIGA, are enriched in Southeast Asia, including Taiwan, and explain 
many cases of severe nontuberculous mycobacterial infection.

• Anti-GM-CSF autoantibodies underlie autoimmune pulmonary alveolar proteinosis and are also 
associated with nocardiosis and CNS infection caused by Cryptococcus gattii.

• Anti-IL-10 autoantibodies define a subgroup of IBD, accounting for approximately 3.5% of total IBD 
cases in a recent cohort.

• Although ACADs are not classical genetic disorders, their development is strongly linked to genetic 
factors, including HLA alleles and defects in immune tolerance pathways such as AIRE.

• Low-titer autoantibodies are likely under-recognized and may contribute to a broad range of human 
diseases.
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