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Immunodeficiencies in Adults

Primary

(now named Inborn Errors of Immunity) Secondary
Results from abnormalities in the Are consequences
development of immune mechanisms of disease, drugs, inadequancies

Genetically defined Haematological / Solid Cancer

*Germline genetic
immune conditions impacting
immune system development or function

latrogenic Immune suppression/dysregulation
* Corticosteroids
* Bcelldepletion
* Chemotherapy
* Anti-rejection medication
* Checkpoint inhibitors

eSomatic variants in immune-related genes

Genetically undefined
*CVID

Environmental Anatomical Defects
eSubclasses
eSelective lgA defici Exposures Burns
-Ue e;:tlvgf.gd Pef |<:|enzy ibody Defici . Malnutrition Ciliary dysfunction
nclassified Primary Antibody Deficiencies Overcrowding Carmil s
Poor air quality Lymphangiectasias

«Acquired» errors of immunity
eAutoantibodies to cytokines

Regina J, et al. Clinical Reviews in Allergy & Immunology 2025
Turvey SE, et al. J Allergy Clin Immunol 2024
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Secondary Immunodeficiencies in Adults

B cefl lymphoproSferative
dasease andolher
hematofogical Ssease

Nephrofic syndrome

r— Crohn's dissase

(= Ulcerative coltis:

| Intestinal lynphangectasia
L Tumer's syndrome

|- Nosnan's syndrome

|- Kippel- Trenauny syndrome.
 Hennekam syndiome

(— Cosfac disease

~ Entesic infiection

| Menatriar's dissase

| Conisirictive pericardiis
L Fontan operabion

E Severe burns
Severe dermatiti

Therapies tangaing B cefis

intestnal Plasma exchange
nphangeciasia

Perflonaal dalysis

P Desicient antiody production
I ibody toss

i, * SIDs are more common in adults due to
- factors like medications, malignancies,
metabolic disorders, chronic conditions,
and protein-losing conditions

Patel SY, et al Front. Immunol. 2019

Primary Immunodeficiencies in Adults

* Genetic, not acquired.

So many genes!
* More than 500 defects are now ;04

Combined immunodeficiencies (includes SCID)
Syndromic immunodeficiencies
Antibody deficiencies
Primary immune dysregulation
1. HLH
2. fHLH with hypo pigmentation
3. Regulatory T cell defects
4. Autoimmunity with or without lymphoproliferation

AON

7. Susceptibility to EBV with lymphoproliferation

known, all immune system et 60
. 1992 H 5. Immune dysregulation with colitis
components are involved :ggi ‘540_ z 6. Autoimmune lymphoproliferation
g
]g:g g J = ; Ph1aggcyle d?chts -
H . Congenital neutropenia
o | ired t ti f ti 1897, 5 2. Defects of motility
mpaired maturation or runction 1;:: 3. CGD and defects of NADPH oxidase
i H 2000 4 4. Non-lymphoid defects
of different parts of the immune a1 0 IR
1. MSMD
SyStem gggg 2. Epidermodysplasia verruciformis
2006 3. viral infections
2007 4. Herpes Simplex encephalitis
- 2008 5. Invasive fungal di
* Individual IEl are rare, but 2005 6. Mucocutaneous candidiasis
. . . . 2010 7. TLR defects and bacterial susceptibility
collectively the incidence is i 8. non-hemalopoietic tissues
. 7. Auto-inflammatory disorders
probably about 1in 1200 persons 33 & Complement caiiciencles
. .. . 2015 9. Bone marrow failure syndromes
* Diagnosed in infants, children and 201 10.Phencocpies
adults of all ages e
2020
2021
0 100 200 300 400 500

N° Genetic defects reported

Tangye S, et al. J Clin Immunol 2022
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Patterns of initial presenting symptoms for IEl

IEl cohort of ESID Registry * * *

Infections

n=16486

IEI

Other symptoms Autoimmunity

Cytopenias
(ITP -AIHA)

Inflammation

w08, 3% Infection withowt dvsregulation
m— 509% Dhysregulation without infection
9.0%  Infection and dysregelntion
m— B0 (Hher symptoms
1.6%  Famly history only
m=  33% Lababnormalities only

Thalhammer et al., JACI 2021

IEl with genetic Immune Dysregulation (PIRD)

(1) Disorders with multiple autoimmunity

Defect in Treg number/function
I ' Defect in central tolerance mechanisms

Peripheral lymphocyte expansion

—

(2! Immune Dysregulation with colitis

Defective IL -10 signaling causing unchecked T cell
activation in the gut

(3) Disorders with HLH and/or EBV Susceptibility
Deficiency of lymphocyte cytotoxic activty leading to
lymphocyte proliferation and macrophage activation

@ Autoinflammatory syndromes
Hyperactivation of antigen -independent inflammatory
pathways (i.e. inflammasome)

(® Type 1 Interferonopathies
Upregulation of type 1 interferons

(&) Disorders of sterile inflammation
Varied mechanisms

Nelson CS and Baloh CH. Allergy Asthma Proc 2024
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IEI warning signs and red flags in adults
ﬁ" ™ \Narming Slgns

of Primary Immunodeficiency

Primary Immunodeficiency (Pl) causes children and adults to have infections that come back
frequently or are unusually hard fo cure. 1:500 persons are affected by one of the known
Primary Immunodeficiencies. If you o someone you know is affected by fwo or more of the
following Warning Signs, speak to o physician about the possible presence of en underlying
Primery Immunodeficiency.

Two or more new ear infections within 1 year.

N

Two or more new sinus infections within 1 year, in the
absence of allergy.

One pneumonia per year for more than 1 year.
Chronic diarthea with weight loss.

Recurrent need for infravenous antibiofics o dlear infections.

Recurrent, deep abscesses of the skin or internal organs.

3
a4
5 Recurrentviral infections (colds, herpes, warts, condyloma).
6
7
8

Persistent thrush or fungal infecfion on skin or elsewhere.
9 Infection with normally harmless tuberculosis|ike bacteria.
10 A family history of PI.
Prese

! /" FElevatedlgE N Atopy Y
and Eosinophils :
1L 9
\’ = AF F S
/7 Autoimmunity N ¢~ Malignancy

\',jb‘ér ¥ ':.:,

Primary .
Atopic \ i

Disorders

/" ShortStature
Growth Failure

Tissue Abnormalities

Clinical Red Flags

for monogenic allergic diseases

vuseyru-onuryurn m, e ur. v Allergy Clin Immunol 2021

IEI Diagnostic Algorythm
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STEP 1

CI|n|caI history »

*Type and frequency of infection

History:

*Clinical signs

> CLIPP (ELVIS)
*Course

*Location
*Intensity
*Pathogen
*Pattern

> GARFIELD

*Granulomas

*Autoimmunity

*Recurrent Fever

*Inexplainable Eczema

*Lymphoproliferation

*Inflammatory bowel Disease
*Family history

Exclude:

*Secondary causes of immune and
of antibody deficiency

*Consider all the IEI

STEP 2

Basic laboratory tests:
*Complete blood count
*Serum immunoglobulin levels:
IgG, IgA, IgM and IgE
*lgG subclasses* (IgG1-1gG4)
*Total complement levels (CH50, C3, C4)
*Lymphocytes subsets
*Vaccines titres (Pneumoccous, Tetan toxin)

» Up to 25% of IEl cases have been
reported to be diagnosed in adulthood

» More than 50% of adults with IEl have
a Primary Antibodies Deficiency

Cunningham-Rundle C. Ann Allergy Asthma Immunol 2025

Soomann M, et al. Ped Infect Dis J 2025




20/01/2026

Measurement of antibody titers against vaccine-specific antigens
» Protein antigens (T cell-dependent): tetanus, diphtheria, hepatitis B, measles, rabies, etc.
STEP 3 + Polysaccharide antigens (T cell-independent): pneumococcal polysaccharide, typhoid

T cell functional assays

Advanced Iaboratory tests: - Proliferation and cytokine production in response to mitogens, specific antigens, or allogeneic lymphocytes

P *B cell subset ana|y5i5 Flow cytometry with Primary Immuno-Deficiency-specific markers
(A8 | °T cell subset analysis Cytotoxicity assays
e} ’Response to mitogens and - T cell and NK cell cytotoxicity (granzyme B and perforin expression/function)
(2} . R ; 3
o antigens in vitro Cytokm%analysm a -
c - . . P « Inflammatory cytokines: IL-1, TNF-q, IL-6, IL-8, interferons
o0 Response to vaccination in vivo e e
1) *Flow cytometry for proteins — Anti-IFN-a (severe COVID-19)
XPr ion — Anti-IFN-y (mycobacterial disease)
(o EXPressio = Anti-IL-6 (staphylococcal infections)

- Anti—IL-17/IL-22 (chronic mucocutaneous candidiasis, CMC)
HLA typing
Genetic studies
- Targeted gene panels or whole exome/genome sequencing

Phagocytic function tests
- Dihydrorhodamine (DHR) oxidation test

Complement studies
+ AH50, properdin, factor D, factor H

Innate immunity functional assays
= IL-12/23—-IFN-y pathway (mycobacterial disease)
« IL-17 pathway (CMC)
« TLR signaling pathway

Soomann M, et al. Ped Infect Dis J 2025
Mufioz-Echeverria L, et al. Rev Esp Quimioter 2025

. P antibody i Y3
R t bacterial eg : Otitis, pneumonia, sinusitis, diarrhea, sepsis Naive follicular y. G
rF _»
Serum Immunoglobulin Assays : IgG, IgA, IgM g'i‘;l‘lre plasma
Y Y Y Y » cell
T
— . . - - -
1gG, IgA and/or IigM ¥ ¥ J 2-®-0-@e
\ Y
stem pro pre large immature transitional
Exclude 2° causes: drugs [Hx], myeloma [bone cell 8 cell B cell pn_? B cell Beell  Bcell @~ - -
marrow], Lymphoma . Ig loss (not hypo-IgM) in germinal memory
urine, Gl or skin i Hos

Agamm H 1M
I B Lymphocyte (CD19++numorallon (CMF) l __Ab defects
| B absent or =2% | [ B>1% -
—r

IgA
deficiency

STEP 3

0n Flow cytometric analysis of lymphocyte subsets
Advanced laboratory tests: T cells (CD3%)

F °B cell subset analysis Helper T cells (CD3*CD4")
°T cell subset analysis Cytotoxic T cells (CD3*CD8*)

*Response to mitogens and antigens in vitro Naive T cells (CD45RA" with CD62L" or CCRT")
Memory T cells (CD45R0O*)

*Response to vaccination in vivo B colls (CD10'/CD20")
. : : cells i 4
Flow cytometry for proteins expression Memory B cells (CD19*CD27)

Natural killer (NK) cells (CD3"CD16*CD56*)

[72]
3]
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[72]
o
=
o0
<

Di

Mufioz-Echeverria L, et al. Rev Esp Quimioter 2025

Bousfiha A, etal. J Clin Immunol 2022
Cunningham-Rundle C. Ann Allergy Asthma Immunol 2025

Salzer U, etal. EJIFCC. 2019. PMID:31814814
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| 1gG, IgA and/or IgM ¥ ¥ ‘

ol 9 Coioai s B, et (oo ‘ Antigene - indipendente Antigene - dipendente
marrow], Lymphoma . g loss (not hypo-IgM) in
urine, Gl or skin I LI | 1
I'hlmnullub

B Lymphocyta (CD194) enumeration (CMF) |

B absent q@

Common Variable Immunodeficiency (CVID) ) . @ — .

Diagnostic Criteria (2016) / &

At least one of the following: @ > @ > @ > > § Unswitched Memory B cell
(CDIRCD2T o igM+light+)

increased susceptibility to infection

*  autoimmune manifestations \ 2
« granulomatous disease Cellula Cellala | Celluta B f T S
. . . . Pre e on
+  unexplained polyclonal lymphoproliferation i * e ¢ (COI%-COIEMs1gD-)

affected family member with antibody deficiency

AND marked decrease of IgG and marked decrease of IgA, &
with or without low IgM levels (measured at least twice; ) . _5
< 25D of the normal levels for their age); e CD27 has been identified as a v riserrtabios drlesrd
AND at Ieast_ one of the followmg_: marker for memory B cells
«  poor antibody response to vaccines (and/or absent L

isohaemagglutinins); i.e. absence of protective levels

despite vaccination where defined * Afterinvitro stimulation, B cells

+  low switched memory B cells (<70% of age-related expressing CD27 (but not CD27(-)
normal value)
AND secondary causes of hypogammaglobulinaemia have cells) secrete la rge amounts of
been excluded both IgM and IgG.
AND diagnosis is established after the 4th year of life
AND (but s_(yimptomfs miy bedp;eselr;tdb?_fqre) * CD27(+)IgM(-)IgD(-) B cells produce I1gG
1o evidence of profound el deficiency (<2% indicate a defective germinal
//esid. . y/Diagnosis-criteri
e center development)

I Send to reference center I

Cunningham-Rundle C. Ann Allergy Asthma Immunol 2025

Bousfiha A, etal. J Clin Immunol 2022
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Common Variable Immunodeficiency (CVID) —
Clinical presentation Comorbidities change across age
Leading symptoms HD CVID s e . Cohort
Hypogammaglobulinemia m = Younger
Recurrent bacterial RTls ERS Older
= 1 * p<0.05
In addition 2 I
« Lymphoproliferation, Splenomegaly 35% 2 IR -
+ Lymphoma 4% £ . 5
8 ¥ I &
e 3
- Autoimmunity 29% & 2
« Autoimmune cytopenia 15% ol 1N S
& & § 3 © @
& & & & F S
+ Granulomatous disease 10% < oY f &
Comorbidity
« Interstitial lung disease 20%
» Enteropathy 10%
» Hepatopathy 7%

Ho HE, Cunningham-Rundles C. Front Immunol. 2022
Carrabba M, et al. Front. Pediatr. 2023

12
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CVID Risk of associated death per manifestation reported

Any noninfectious complications
Resnick et al., 2012
Splenomegaly

1.000

0.750

0.500

0.250

0.000
0.0

Mortality by years since diagnosis

Odnoletkova et al., 2018
GLILD
Halliday et al., 2024
Odnoletkova et al,, 2018
Chronic lung disease
Resnick et al., 2012
Unspecified Gl disease
Resnick et al., 2012
= Malabsorption
i a e Resnick et al., 2012
o without complications

and by clinical phenotype

Survival Plot

Azzu et al., 2019*
Halliday et al., 2024
] Resnick et al., 2012
Cirrhosis

(+/- portal hypertension)
Azzu et al., 2019
Inflammatory arthritis.
Halliday et al., 2024
Gastric cancer
Pulvirenti et al., 2018*
Lymphoma
Odnoletkova et al., 2018
Pulvirenti et al., 2018
15.0 300 45.0 60.0 Sl erci Bty 2012
Odnoletkova et al., 2018

at least one disease
related
complication

Years since diagnosis =

delay
Odnoletkova et al., 2018
Age at symptom onset
Odnoletkova et al., 2018
Age at diagnosis
Halliday et al., 2018
Odnoletkova et al., 2018

Liver disease/hepatitis/abnormality

rrrrrrr |

Lung and/or Gut
Lymphocytic infiltration

Lymphomas

@ Diagnostic Delay

@ Significant (P<0.05) Multivariate
° icant (P<0.05) Univariate

5
@ Nonsignificant (P >0.05) Multivariate

1 2 3 4 5 6 T 8 9 10 1 12 13 14 15
Hazard Ratio

34 3544 45

Ducasa GM, et al. J. Hum. Immun. 2026
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CVID Symptoms and Complications
Onset during follow up

=] 1 Autoimmune
—8 } — . Cytopenia

Granuloma

Sl | o Interstitial Lung
0 Disease

Only Infections - D

Only Infections - FU

CVID Clinical Phenotypes at diagnosis and at follow up

Lymphomas -D

-D

. o - Lymphomas - FU
j-— LympHadenopathy
. ', Lymphoid pi

** Splenomegaly

-FU

Lymphoid p

patient

_I r J/Auteimmune Orgah
. L Manifestation

) ,!—-;. Enteropathy

Enteropathy - D
Enteropathy - FU

Autoimmunity - D

-FU

Hematologic
Neoplasia

Onset Portal Hypertension

(Liver Disease)

Solid Tumor

time in years relative to

first diagnosis of CVID Globig, et al. J Clin Immunol. 2022

0 5 10 15 20 25 30 35 40
Patients (N)

pediatric-onset # adult-onset

Carrabba M, et al. Front. Pediatr. 2023
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Diagnostic Algorithm

STEP 4

.
.

Genetics:
*Mutation analysis (tNGS, WES, WGS)

Special laboratory test:

*E.g., flow cytometry staining for ICOS,
TACI, BAFF-R, etc

*Functional testing

[72]
o
=
(2]
o
c
o0
i
(a]

Monogenetic Antibody Deficiencies

»Agammaglobulinemia
with defects in precursor B cell differentiation
* BTK, py, A5, Iga, IgB, BLNK, ...

B > g class switch recombination deficit (ISCSR),
previously called HyperlgM
* CD40L, CD40, AID, UNG, ...

> Subgroup of CVID and CVID-like
* |COS, CD19, BAFF-R, ...

Notarangelo L, et al. Sci Immunol. 2020

15

CVID presents

Many defects on the way of B cells maturation

extra Yb‘
Naive folliculary. ‘

mature
B cell plasma

Y Y Y Y cell
0-0-60-6-0"
Y

.
stem pro pre large immature transitional 0
—
cell B cell B cell pre B cell B cell 8 cell —@®
germinal memory
canter B cell
TOP28 IKZF1 IGHM Ugl TWEAK 019 co20 AICDA UNG SECH1AL
TCF3 €079 MOGS || BAFFr cos1 CARD11 D30 INOSO UNG
RAG1 cor98 1K2F3 020 TRNT1 CDa0L MSHE IRFBP2
RAG2 BUNK o2 CTNNSBLL 1€0s. PIK3CO TNFFSFL3
FNIPL GLLY Co81 RAC2 ICOSL PIKIR1 MOGC
SLCI9AT SH3IKBP1 MOGS TaQ PTEN APRIL
RAC2 ATP7APL PIKICG PLCY 1
PIK3ICD POU2AFL NFKB1
PIKIRL NFKB2
TRNT1 IRF28P2
PULL I LRBA CTLA4 STAT3 | ADA2
(114
[ cos nas nasm | | CXCR4 |
FIGURE 1
A number of the immune defects found in patients with CVID, are in genes involved in the generation and maturation of human B cells.

Cunningham-Rundles C, et al. Front. Genet. 2024
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e R
/ Normal or elevated
.?M\Imlﬂ!l\ﬂlﬂﬂlw\

Wausasion analysis Tor

| Low serum igG
i )
| Lewr seyum Ight and 1ga |
T p
¥ L
{ Beeli<l® | [ Boell>1%
~ I §
T 1 L A
Male | Female Male | Female
e TE— — ———
Mutation
Mutation analysis for ‘
SH2D1A,
for BTK KlAP
v . A t
[ Mutation No Mutation
| detected Mutation J
— I = . =
Mutation mnalysis for IGHM,
IGLL1, E0TSA, EDT98,
TCF3, SLCIVAT, TOPZS,
FNIPL Pl |
| Mutution nmalysis for LRBA,
T CTLA4FOXP3, ILIRA'B, DEFS, BACHZ,
( Mutatian analysis for SCID B- FERMT1 ICOS, ICOSL, ITK, CDI7, COT0,
| erns and bune maro CTPS1, RASGAPL, CARMILZ, MAGTL,
failure gens PRKCD, DHWTIB, ZBTE24, CID genes ...
1 p— ~ : .
Mutation No [ Mutation No \
| detected Mutation _ detected _ Mutation
v I 1 L]
o Kdinkad Manoganie deteeis
synedrame 1 hypogammaglobulinemis
v L]
Wovel Camman variabl
linemia

Abolhassani H et al. 2025 Rezaei N. (ed.), Inborn Errors of Immunity
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*‘# Infections sustained by a

broad range of pathogens
*.

—

2

?—1 ztlk
(o] Pathophysiology

| S due to hematopoietic "
@ OO cell-autonomous defects

Infections may also be
caused by a narrow group
of pathogens

. Hyper-inflammatory
« responses and autoimmunity
«» as other phenotypes of PID

PID may also reflect defects
of extra-hematopoietic
(“intrinsic”} immunity

@D

-

One gene,

1®
Diagnosis based on '\“ s

clinical and immuno- —= One gene,

logical abnormalities ane disease

many phenotypes

Many genes, one
phenatype

l.‘.@

Treatment based
‘ onsupportive  —m Cellular
‘ interventions therapy

(HSCT)

Figure 1.

Molecular therapy
(gene therapy)

Precision medicine
targeted at biochemical
and cellular defects

Commoner Genetic Mutations in Common Variable Immunodeficiency
Gene variants Name Inheritance
TNFRSF13B Transmembrane Activator and CAML Interactor AD
NFKB1 Nuclear Factor Kappa B Subunit 1 AD
NFKB2 Nuclear Factor Kappa B Subunit 2 AD
IRF2BP2 Interferon regulatory factor-2 binding protein AD
CTLA4 Cytotoxic T-Lymphocyte Associated Protein 4 AD
IKZF1 IKAROS Family Zinc Finger 1 AD
T3 Transcription Factor 3 AD
BACH2 BTB Domain and CNC Homolog 2 AD
KMT2D Lysine Methyltransferase 2 AD
STAT3 Signal Transducer And Activator Of Transcription3 ~ AD
PIK3CD F idylinositol-4,5-Bi 3-Kinase AD
Catalytic Subunit Delta
LRBA LPS Responsive Beige-Like Anchor Protein AR
CXCR4 (C-X-C Motif Chemokine Receptor 4 AD
DiGeorge 22q11 DiGeorge syndrome AD
or TBX1
WAS Wiskott Aldrich syndrome XL
RAGI/RAG2 Recombination Activating Genes 1 [ 2 AR
AICDA Activation induced cytidine deaminase AR
STXBP2 Syntaxin Binding Protein 2 AR
PMM2 Phosphomannomutase AR
PIK3R1 Phosphoinositide-3-Kinase Regulatory Subunit 1 AD[AR
e DNA Ligase 4 AR
JAKT Janus Kinase 1 AR
IKBKG Regulatory gamma subunit of the IKB kinase (IKK) XL
TBX1 ‘T-box protein 1. AD
PMS2 PMS1 Homolog 2, Mismatch Repair System AR
FOXP3 Fork-winged helix family XL
uGi DNA Ligase 1 AR
CiTA Master regulator of MCH class Il gene transcription AR
BIK Bruton Tyrosine Kinase XL
ADAZ Adenosine deaminase 2 AR
CD40L (D40 Ligand XL
RTELI regulator of telomere elongation helicase 1 AR
AD = autosomal dominant AR = autosomal recessive XL = X- linked.

Evolution of clinical, pathophysiological diagnostic and therapeutic approach to inborn

errors of lmmuﬂlfY- Notarangelo L, et al. Sci Immunol. 2020

Cunningham-Rundle C. Ann Allergy Asthma Immunol 2024

18



20/01/2026

(
Syndromes with Autoimmunity
_ \
Syndromes associnted with incressed TCRa/B DN T cells wpﬁ’f:,“.}‘;m Noual regubatosy T cell funcrion Earfy-onset [BD) inflammntary Lowel
! ! ! v v v )
ALPS or ALPS fike diseases | | CVID-fike dissase |  LowCD25 || Decsonsed ox absent [ Incressed JAK | Dafective hploproiiferationad || Necreaued 1117 | | pSHT? expressionin response
s I | 9 s | inscreased v lo producron. | | 10 [L-10 nnd IL-23 |
l l \ . - . Sploptors
- . Inpaited CTLA4 || Reduced BACH2 l’ ¢ o ‘ ) / B
me | [ || o | " e ol e
wpphopsiif - — . _soquencing | ze _equencing | Tl || TL-10Ra and TL10RE
l \ / Sequening || pression/sequencing
Trans-endocytosis Function ..
DA sequencmg hased on phencty pe nnd Healthy control B : fridond
FAS (=70%)FASL (1%) | veduced protein (FOXP3, CD25, BACHZ, I N o ceo
| expresion or CTLA4) exprossion | 4 ge o
ol v 1 i e
'L Sttt OTLAS 1 !ﬁ . = anm
\ oo g ] 15, beomer
B E ) \/\ﬂn< e H 2
If reduiced 1f pormal® Dilayod pSTATS 3l o 3? _{’” +
FAStorFASL || CASPS, CASPIOar || o VRATEE . g . g, — 5
| sequencing FAAD sequencuie || s o FONP3- AFGAT | ' -
+ :o::ﬂmed o cwu'nmred
. HO-C060-GF CHO-CDBO-GFP . = % “ C
| STATS sequencing CTLA Functonsl Insufficency Tt S foals Pty
— »cm«* 3 J (GFP 33 % FOXP3+ T cals)
Ny E\)\W e Cs =
o TUT b
=0 | B P
e at-I e ’ ic e
- Er— i AR
\ [+anti-CTLAZ) i; ] i { 4
1]
" 6 4 L R,
Lo Band Abdel-Motal UM Current Opinion in Immunology. 2017 ‘ ' - - oo}
Allard-Chamard H, et al. Blood Advances 2024 L e — e RS e Tosts)
B-cell T-cell dysregulation/ ALPS Elevated CD3*TCRaf* CD4-CD8- T cells
dysregulation exhaustion XLP1 Reduced iNKT cells 2, decreased intracellular SAP in NK and CD8 + T cells®
Siroli XLP2 Decreased intracellular XIAP in lymphocytes®
Rituximab ¥ 4 irol I‘I11I.IS IPEX Syndrome Decreased FoxP3" regulatory T cells®
Belimumab \ / CTLA-4 haploinsufficiency Decreased CTLA-4 expression in Tregs®
\ { ~JAK-inhib “Pi-3K: 1 hibi LRBA deficiency Decreased intracellular LRBA in stimulated PBMC®® and decreased CTLA-4 in Tregs®
“Emapalumab -Usrs\k_mufn_\a\b STAT3-GOF Delayed dephosphorylation of STAT3 following stimulation with IL-6°
L pho" ':Ab::::c;ﬁ‘:::b 'fo,l'.PD- 1 fnh!m"w Familial HLH3, 4 and 5, Decreased CD107a expression on NK cells following incubation with target cells®
A i Chediak-Higashi, Griscelli or
proliferation ol e
Corticosteroids G LILD Familial HLH2 (PRF1 mutations)  Decreased intracellular perforin in CD8 and NK cells®
Rituximab
Corticosteroids Cytokine analysis
Nodut Rituximab + Inflammatory cytokines: IL-1, TNF-q, IL-6, IL-8, interferons
ular Azathiopri i ies
athioprine + Autoantibodies:
r:gﬁn@rla“'!m Mycophenolate — Anti-IFN-a (severe COVID-19)
yperplasia A%“‘;'TNF : — Anti-IFN-y (mycobacterial disease)
Corticosteroids iates — Anti-IL-6 (staphylococcal infections)
~ Anti=IL-17/IL-22 (chronic mucocutaneous candidiasis, CMC)
Enteropathy
Granulomas P Intrinsic and innate immune defects
Rituximab Corﬂ;mm&ds MSMD Decreased expression of IFNyR1, IL12R§1?, reduced phosphorylation of STATL, or STAT4?¢
Corticosteroi Anti-TNF STAT1 GOF Delayed dephosphorylation of STAT1 following stimulation with IFNy or IFNa®
Anti-TNF Vedoli b IL17RA deficiency Decreased of IL17RA on and ytes®
vie Ust eﬁ"r:ﬂm: b IRAK-4 and MyD8B8 deficiency  Decreased LPS-induced intracellular TNF-in monocytes®
Tofacitinib i
Cytopenias | Guselkumab STING inh.
TLR7 inh.
Corticosteroids I \
RMMIG X | [ Gastrointestinal
Splen::t.':my | dysbiosis/
i B M T endotoxemia
irolimus / [ Dt k9
Eltrombopag Ll Rifaximin PKR inh? JAK inh
Bortezomib | Larazotide
Fevang B. Expert Rev Clin Immunol. 2023 Created with BioRender. com Knight V. Int J Lab Hematol. 2019
Mufioz-Echeverria L, et al. Rev Esp Quimioter 2025
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Key Messages beyond Igs and vaccines

# “New” Clinical Presentation and Initial Symptoms
IEls can present with recurrent infections, autoimmunity, cytopenias, allergies, inflammation, and neoplasms
The most frequent initial symptoms are infections without obvious immune dysfunction

# Diagnostic Algorithm for IEI

# Limitations of First-Level Tests

Normal Ig # normal immune function

Ig levels are not informative for innate immunity, T-cell, NK-cell, or B-cell maturation defects
Vaccine response does not assess cellular defects

Need cellular and functional assessment

# Flow Cytometry is a “cornerstone” for diagnostics and follow up
Flow cytometry is essential for typing lymphocyte subsets and monitoring complications
Functional tests for specific protein defects and phagocytic function (proliferation, BTK, DHR, pWAS, pSTAT,...)

# Genetic testing (NGS panel, WES, WGS) is crucial for diagnosis and risk stratification,
# Genetic enables targeted therapies — Functional tests are needed for VUS validation

# CVID and Monogenic Immunodeficiencies

CVID is the most common antibody deficiency, with specific diagnostic criteria and needs specialistic follow up
There are monogenic variants (e.g., CTLA4/LRBA deficiency, STAT3-GOF) with overlapping clinical features that
require personalized diagnostic and therapeutic approaches
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