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Why is this important?
A critical reference for immunologists and researchers world wide
Main purpose to provide an up to date categorization of immunodeficiency diseases, 
to increase awareness, facilitate recognition, promote optimal treatment and support 
research in the field



Categorization of the 
inborn errors of immunity

1. Combined immunodeficiencies
2. Combined ID with syndromic features
3. Antibody deficiencies
4. Diseases of immune dysregulation
5. Defects of phagocyte number and function
6. Defects in intrinsic and innate immunity
7. Autoinflammatory diseases
8. Complement deficiencies
9. Phenocopies of inborn errors of immunity

Picard C, et al. J Clin Immunol 2018.



Numbers of inborn errors of immunity

Picard C, et al. J Clin Immunol 2018.

354 total







Why is this important?

Without early recognition and treatment SCID is a deadly
disease

Affected children generally appear healthy at birth

TRECs are found in newly formed, naive T-cells [Douek, Nature 1998]

TREC assay on NBS cards identify babies with SCID regardless
of cause [Chan and Puck, JACI 2005]



Summary of Newborn Screening for SCID in California 

George S. Amatuni et al. Pediatrics 2019;143:e20182300

©2019 by American Academy of Pediatrics

• 6.5 years of screening, 

including 3 252 156 infants

• T-cell lymphopenia identified in 1/15300 
births



Conditions diagnosed in infants with TCL identified by NBS

George S. Amatuni et al. Pediatrics 2019;143:e20182300

©2019 by American Academy of Pediatrics

50 cases of SCID, 1/65 000
No cases missed
94% survival of pts w SCID
Quick turnaround important, 
as well as individualized
conditioning (dosing of
busulfan)
Follow up of
syndromic/idiopathic pts?



Why is this important?

Autoimmune diseases occur frequently in 
patients with PID (26%) 

Occurence of autoimmune disease is a 
negative prognostic factor for survival

JACI -2017

Long term survival



Greatest risk of autoimmunity in pts with CID



Granulomatous-Lymphocytic
Interstitial Lung Disease in CVID

GLILD

Why is this important?



GLILD

GLILD is a distinct clinico-radio-pathological ILD occuring in 
patients with CVID, associated with lymphocytic infiltrate, and/or 
granuloma in the lung and in whom other conditions have been
considered and excluded



Diagnostics

CT

Bronchoscopy with biopsy

Lung function tests 

(spirometry, gas transfer)

Genetic analysis

(CID, LRBA or CTLA-4 deficiency?)

Treatment
Decisions by multidisciplinary
team 
Optimized Ig therapy
Corticosteroids alone

2nd line azathioprine, rituximab, 
mmf
Assessment of
progression/response by symtoms, 
CT, lung-function DLCO



GLILD is driven by pulmonary B-cell hyperplasia,
reflected by serum IgM elevation (can be used as biomarker)
reinforced by elevated BAFF giving resistance to apoptosis
Efficacy of rituximab monotherapy is shown



Ectopic B-cell follicles in GLILD and 
correlation to s-IgM

Maglione PJ -2019



Why is this important?

20 000 published cases of HSCT in PID, but almost exclusively children
Controversy on when to transplant adults with PID, due to lack of experience



Method

29 PID patients (11 CGD)
Mean age 24 yrs (17-50)
18 MUD
11 MSD
RIC

Fox TA, et al. Blood 2018.

Results

OS 89% at 
1 year

Allo-HSCT with RIC is safe and effective in younger adults with 
severe PID
Referral triggers should include severe infections, autoimmunity, 
malignancy and disease progression despite conservative
management



Why is this important?
Alternative for 40% pts who lack HLA-matched donor
No need for extensive T cell depletion or donor search

HSCT with PT-CY



"Here, we reported on our experience of haploidentical family
donor HSCT with PTCY in 27 consecutive patients suffering from a 
broad range of PIDs and showed a 2-year OS rate of 77.7%”

Neven B, et al. Biol Blood
Marrow Transplant -2019

OP

HLH

PID

Results





Why is this important?
A recently characterized form of PID

Disease caused by dysfunction of the cytoskeleton

ARPC1B is a component of actin related protein 2/3, an 
important molecule in cytoskeleton dynamics



ARPC1B deficiency

Volpi S, et al. JACI 2019.Similar to WAS!



ARPC1 deficiency

Platelets 

B-lymphocytes CD19+ (count) 

T-helper lymphocytes CD3+4+ (count) 

T-cytotoxic lymphocytes CD3+8+ (count) 

Naive T-helper lymphocytes CD3+4+ (%) 

Naive T-cytotoxic lymphocytes CD3+8+ 
(%)



IgA 

IgE 

T-cell proliferation response ➔

Response to polysackaride vaccine ➔

NK-cells CD3+56++CD16- 

Volpi S, et al. JACI 2019.





Tuberculosis and impaired IL-23–dependent IFN-γ

immunity in humans homozygous for a common 
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Why is this important?
It explains why some otherwise healthy
people are susceptible to tuberculosis



• TB is one of the top causes of death worldwide
• 25% of the worlds population are infected, only 10% fall ill
• Clinical and epidemiological studies imply there is a 

genetic predisposition
• There are a few known PIDs selectively affecting IFN-γ

signalling, which is essential in our defence to
mycobacteria

• Homozygosity of common TYK2 variant P1104A increases
risk of TB and infections with less virulent mycobacteria

• Frequency of TYK2 variant allele P1104A is 4%
Homozygosity in Europeans 1/600



Schematic representation of TYK2-dependent signaling pathways

Stéphanie Boisson-Dupuis et al. Sci. Immunol. 

2018;3:eaau8714
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for the Advancement of Science. No claim to original U.S. Government Works

IFN-γ



Phenotype
Recurrent ear, lung, sinus infections
Organ damage (bronchiectasis)
Infections with herpes family viruses
Benign lymphoproliferation
Lymphoma
Autoimmunity (immune-cytopenias)
Mild developmental delay
Growth retardation (APDS2)

Immunology
Hypogammaglobulinemia with elevated IgM
B-lymphopenia with elevated transitional B-
cells
Reduction in naive CD4/8

(APDS, PASLI)



Schmidt RE, et al. Nat Rev -2017 

APDS/PASLI cased by GoF mutations 
causing hyperactivation of enzyme

T-cell signalling

Understanding the genetic etiology led to
the hypothesis that treating pts with 
PI3K pathway inhibitors may provide
long term targeted therapy

Leniolisib is a small molecule that inhibits
p110d

Koneti et al. -2017



After 12 weeks of oral leniolisib, lymph node and spleen sizes were reduced
by 39%
All patients had cytopenias at baseline, and they improved

Immune cell derangements improved

Koneti VR, Blood 2017

Results





SCID-X1 caused by mutations in IL2RG gene on X-chromosome
Without treatment affected boys die in first year from infections
HSCT is standard treatment, but in the absence of MSD significant risk of
incomplete immun reconstitution, GvHD
Previous trials with gammaretroviral vectors failed to reconstitute B and NK 
cell immunity and was complicated with vector related leukemia



Patient w 
SCID X1

IL2RG

High KA, et al. NEJM -2019.

Lymphocyte with transgene will
express ILRG

Ex Vivo Delivery of Gene Therapy



Results
Absolute numbers in blood of T-cells, 

over time after infusion

Mamcarz E, et al. NEJM 2019.

Lentiviral gene therapy combined with low exposure, targeted busulfan
conditioning in infants with newly diagnosed SCIDX1 had low grade acute toxic
effects and resulted in multilineage engraftment of transduced cells, 
reconstitution of functional T- and B-cells




