
The immune system is made up of several hundred 
components, each encoded by their own gene
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• Group of genetic conditions affecting immune system 
development, function or both

• More than 500 unique IEIs described
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Inborn errors of immunity: when one piece of the immune 
system is missing

Adapted from Prof. Shane Crotty (@profshanecrotty)



IEIs have broad clinical features
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Cortesi M et al. Front Immunol. 2024 Dec 19;15:1497921.
Fischer A et al. J Allergy Clin Immunol. 2017.

Inborn errors of immunity don’t just 
predispose to infections
• Also predispose to ‘immune 

dysregulation’
• à when the immune system has a hard 

time controlling itself



How do we treat inborn errors of immunity?

• Depends on the particular type of IEI a person has
• May include measures to:
• Protect against infection
• Provide medicine to calm over-active immune responses
• Targeted therapies
• Replace immune system with a healthy donor’s



Allogeneic	Hematopoietic	Stem	Cell	Transplantation

L	Huergo-Zapico et	al.	INTECH	Open	Access	Publisher	2012

• Patient	with	SCID	receives	stem	
cells	from	a	healthy	donor

• These	stem	cells	travel	to	the	
patient’s	bone	marrow,	where	they	
will	repopulate	and	replace	the	
patient’s	immune	system	with	a	
healthy	immune	system

Allogeneic hematopoietic stem cell transplantation



In	vitro	treatment	testing

Genomic	sequencing	and	
identification	of	candidate	variants

Communicate	results	with	care	
team	and	patient	+	family

Share	findings	and	collaborate	to	
identify	similarly	affected	individuals

Functional	validation	to	establish	
genotype-phenotype	relationship

Person with severe, 
unusual infection or 
inflammation 
(suspected IEI)

Slide adapted from Maryam Vaseghi-Shanjani

Pipeline for discovering rare genetic immune diseases



Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV2)

• Virus underlying coronavirus disease 2019 (COVID-19)
• Wide spectrum of disease severity

Asymptomatic Severe



What accounts for spectrum of COVID-19 severity?

Viral factors Host factors

Age

Comorbidities

Genetic & 
immune 
factors

Lancet 2020; 395:1054-62.



COVID Human Genetic Effort: learning from outliers

https://www.covidhge.com/



Summary

• Identifying rare diseases is crucial so 
that affected individuals can receive 
access to appropriate care

• Clinician-scientist is a rewarding 
career path to consider! 
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conditions2. These transformative advances 
in personalized medicine are a testament to 
the power of translational research, achieved 
through close interactions among the bedside, 
bench and technology. But, ultimately, patients 
with underlying MIDs will only benefit from 
these new discoveries if clinicians consider the 
possibility of zebras when they hear hoofbeats.
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disorders. Identifying CARD11-opathies as 
another autosomal dominant cause of elevated  
IgE levels and eosinophilia adds further evi-
dence that the terms AD-HIES and AR-HIES 
are no longer particularly helpful in this 
advancing field.

This work also demonstrates that MIDs may 
present with immune dysregulation as the pre-
dominant clinical feature, without there neces-
sarily being a history of infections. The term 
‘immune dysregulation’ often refers to mani-
festations of autoimmunity, such as cytopenias, 
arthritis or inflammatory gastrointestinal dis-
ease1. The study by Ma et al.4 emphasizes the 
concept that severe atopic disease should also 
be considered as a form of immune dysregu-
lation that may flag an underlying monogenic 
immune defect. This study has direct clinical 
implications for allergists, immunologists, der-
matologists and other healthcare professionals. 
No longer can we assume that severe atopic der-
matitis is a polygenic disorder; rather, the possi-
bility of an underlying MID must be considered. 
Highlighting the clinical value of diagnosing 
an underlying MID is the finding of a poten-
tial therapy for dominant-interfering CARD11 
defects that uses glutamine supplementation. 
Targeted therapies have made remarkable dif-
ferences in other MIDs and are increasingly 
being used for the treatment of severe atopic 

effect, the degree of immune dysfunction var-
ies among patients carrying either the same 
or different mutations4. This observation mir-
rors the differing clinical severity seen among 
the affected individuals and is a lesson that 
genetic variation in ‘outbred’ human popula-
tions (as opposed to genetically inbred mouse 
models) adds further phenotypic variability to 
monogenic diseases. As appreciation for the 
broad phenotypic spectrum of MIDs grows, 
the ‘horses’ may soon find themselves in the 
company of increasing numbers of ‘zebras’.

Atopy as immune dysregulation
The discovery expands on the growing num-
ber of monogenic defects associated with 
severe atopic conditions. Elevated serum IgE 
levels and eosinophilia are seen in certain 
combined immunodeficiencies, such as those 
caused by dominant-negative mutations in 
STAT3 or loss-of-function mutations in the 
DOCK8 or PGM3 genes12–15. These condi-
tions were previously categorized as auto-
somal dominant and autosomal recessive 
forms of hyper-IgE syndrome (AD-HIES and 
AR-HIES, respectively). Aside from the unify-
ing feature of atopic immune dysregulation, 
however, these monogenic conditions carry 
distinct clinical and immunological traits and 
should therefore be considered as separate 

Figure 1  Monogenic immune disorders and germline CARD11-opathies. (a) Diagram illustrating the importance of translational research involving the clinic, 
basic science and technology in identifying ‘zebras’, or monogenic immune disorders, in a herd of apparent ‘horses’. (b) Schematic showing the predicted 
impact of representative germline mutations affecting the CARD11 protein that lead to CARD11-opathies. CARD, caspase-associated recruitment domain; 
CC, coiled-coil domain; SH3, SRC homology 3 domain; GUK, guanylate kinase domain; PDZ, postsynaptic density protein (PSD95), Drosophila disc large 
tumor suppressor (Dlg homologous region), zonula occludens-1 protein (zo-1) domain; BENTA, B cell expansion with NF-kB and T cell anergy; SCID, severe 
combined immunodeficiency.
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