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The 2024 update of IUIS phenotypic classification of
human inborn errors of immunity

Klinisk och fenotypisk klassificering {E‘J HI e

ARTICLE

The 2024 update of 1UIS phenotypic classification of

* 559 immunbrister : _ )
human inborn errors of immunity

* 67 nya monogena sjukdomar
. Ahmed Aziz Bousfiha'@, Leila Jeddane @, Abderrahmane Moundir'@, M. Cecilia Peli*~@, lvona Aksentijevich®@, Charlotte Cunningham-Rundles @,
i 2 nya phenocoples Sophie Hambleton®@, Christoph Klein®@, Tomohire Morie™@, Capucine Picard"@, Anne Puel™™14@, Nima Rezaei™@, Mikko R.). Seppanen'®@,

Raz Somech” @, Helen C. Su'™@, Kathleen E. Sullivan™@, Troy R. Tergersen®™@, Stuart G. Tangye™ @, and Isabelle Meyts*@

Here, we report the 2024 update of the phenotypic classification by the International Union of Immunological Societies (IUIS)
expert committee (EC) on inborn errors of immunity (IE1), which accompanies and complements the 2024 genotypic

Algorltm SOm kllnl Sk Végle dnlng classification. The aim of this classification is to help diagnosis for clinicians at the bedside and focuses on clinical features

and basic laboratory phenotypes of specific IEL In this update, 559 IEl are described, including 67 novel monogenic defects and
2 new phenocopies. This phenotypic classification is presented in the form of decision trees when possible, with essential
clinical or immunological phenotype entries.

Tabeller med de viktigaste kliniska
fynden och laboratoriefynden

Ahmed Aziz Bousfiha, Leila Jeddane, Abderrahmane Moundir, M. Cecilia Poli, Ivona Aksentijevich, Charlotte Cunningham-Rundles, Sophie Hambleton, Christoph Klein, Tomohiro
Morio, Capucine Picard, Anne Puel, Nima Rezaei, Mikko R.J. Seppédnen, Raz Somech, Helen C. Su, Kathleen E. Sullivan, Troy R. Torgerson, Stuart G. Tangye, Isabelle Meyts; The
2024 update of IUIS phenotypic classification of human inborn errors of immunity. J Hum Immun 5 May 2025; 1 (1): €20250002. doi: https://doi.org/10.70962/1hi.20250002
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Decision tree orienting through IEI classification categories
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Inborn Errors of Immunity: Manifestation,
Treatment, and Outcome—ESID Registry Report

ARTICLE

. : . Inborn errors of immunity: Manifestation,
Analys av data fran 30,628 patienter i  yreatment, and outcome—an ESID registry

ESID-registret {or att: 1994-2024 report on 30,628 patients

Gerhard Kindle™** @, Mickaél Alligon®* @, Michael H. Albert*@®, Matthew Buckland®*@®, |. David Edgar"®, Benjamin Gathmann'@®, Sujal Ghosh*@,
Antonios Gkantaras® @, Alexandra Nieters™@®, Claudio Pignata™@®, Peter M. Robinson™ @, Stephan Rusch'-“@, Catharina Schuetz" @,

i kartlégga kliniSka manife Stationer Svetlana Sharapova™ (@, Benjamin Shillitee!™@®, Fabio Candettil™@®, Andrew ). Cant'®*@®, Jean-Laurent Casanova?®L434324@, Ames Etzieni™@,

Alain Fischer'®:1@, lsabolle Meyts* @, Luigi D. Notarangelo®™ @, Martine Pergent®@®, C.I. Edvard Smith*®4234@, ESID Registry Working Party,
Lennart Hammarstram**** @, Bodo Grimbacher** =253 @ Mikko R). Seppanen®***@, Mizar Mahlaoui***** @, Stephan ERI"™* @, and

d kartlégga behandling Markus G. Seidel*** @
[ ) kartl é g g a 6verlevnad The European Society for Immunodeficiencies patient registry (ESID-R), established in 1994, is one of the world's largest

databases on inborn errors of immunity (IE1). IEI are genetic disorders predisposing patients to infections, autoimmunity,
inflammation, allergies, and malignancies. Treatments include antimicrobial therapy, immunoglobulin replacement, immune
modulation, stem cell transplantation, and gene therapy. Data from 194 centers in 33 countries capture clinical manifestations
and treatments from birth onward, with annually expected updates. This report reviews the ESID-R's structure, data content,
and impact. The registry includes 30,628 patient datasets (aged 0-97.9 years; median follow-up: 7.2 years; total 825,568.2
patient-years), with 13,550 cases in 15 sub-studies. It has produced 84 peer-reviewed publications (mean citation rate: 95).
Findings include real-world observations of IEI diagnoses, genetic causes, clinical manifestations, treatments, and survival

Kindle G, Alligon M, Albert MH, Buckland M, Edgar JD, Gathmann B, Ghosh S, Gkantaras A, Nieters A, Pignata C, Robinson P, Rusch S, Schuetz C, Sharapova S, Shillitoe B, Candotti F, Cant
AJ, Casanova JL, Etzioni A, Fischer A, Meyts |, Notarangelo LD, Pergent M, Smith CIE; ESID Registry Working Party; Hammarstrom L, Grimbacher B, Seppanen M, Mahlaoui N, Ehl S, Seidel
MG. Inborn errors of immunity: manifestation, treatment, and outcome - an ESID registry 1994-2024 report on 30,628 patients. medRxiv [Preprint]. 2025 Apr 16:2025.02.20.25322586.
doi: 10.1101/2025.02.20.25322586. PMID: 40568655; PMCID: PMC12191083.
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1. Infektioner
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Human Immune Responses to Epstein-Barr Virus Highlighted
by Immunodeficiencies

Review:
Amnnual Review of Immunology
Inborn errors of immunity (1EI) som
biologisk modell for att forsta hur
immunsystemet bekdmpar Epstein-Barr-virus

(EBV)
Sylvain Latour'-
Artikeln fokuserar pa genetiska immunbrister [y e iy e sy e r
som antingen predisponerar for eller skyddar Flnstiea Temagine, Unsversité Paris Gité, Pars, Feares
mot EBV-infektion

Latour S. Human Immune Responses to Epstein-Barr Virus Highlighted by Immunodeficiencies. Annu Rev Immunol. 2025 Apr;43(1):723-749. doi:
10.1146/annurev-immunol-082323-035455. PMID: 402793009.



Normalt och patologiskt immunsvar mot EBV
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Cytotoxiska defekter — HLH och svar infektion

Immunbrister som paverkar T-cellernas cytoxicitet

Gen Sjukdom Effekt
PRFI, UNCI3D, . Defekt cytolytisk
Familjar HLH granulexocytos — okontrollerad
STXBP?2 .
EBV-reaktion
SHDIA, XIAP XLP, XLP-2 Dysreglerad apoptos och okad

risk for HLH, lymfom

Griscelli syndrom typ

7 Svar EBV-inducerad HLH

STX11, RAB27A4



T cells expansion och differentiering
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Human Immune Responses to Epstein-Barr Virus Highlighted
by Immunodeficiencies

Sammanfattning:

* Immunbrist som inte predisponerar for EBV-infektion visar att den medfodda
(innate) och den humorala immuniteten ar mindre viktig vid en EBV-infektion

* Immunbrist som predisponerar for EBV-infektion visar att immunforsvarets
centrala mekanism for att bekampa och kontrollera EBV ar det T-cellsmedierade
immunforsvaret (CD8" T-celler)

* Genetiska defekter som paverkar T-cellssignalering, co-stimulering eller
cytotoxisk funktion leder till 6kad risk for hemofagocytos och lymfoproliferation



Investigating pulmonary and non-infectious complications 1n
common variable immunodeficiency disorders: a UK national
multi-centre study

* Retrospektiv, tvarsnittsstudie (UKPIN- Investigating pulmonary and

registret, Storbritannien) av forekomst av. 51 _infectious complications
icke-infektiosa komplikationer, sarskilt , _
In common variable

lungrelaterade, hos patienter med CVID 1

Storbritannien iImmunodeficiency disorders: a
» Jimforde 129 patienter med interstitiell UK national multi-centre study
lungSJukdom (CVID_ILD) med ,dem S0 Heba M. Bintalib™>=~*, Sofia Grigoriadou®, Smita Y. Patel
har extra-pulmonella komphkatloner Leman Mutlu®, Kavitha Sooriyakumar’, Prashantha Vaitla®,
(CVID-EP) Elizabeth McDermott®, Elizabeth Drewe”, Cathal Steele
Manisha Ahuja™, Tomaz Garcez™, Mark Gompels™,
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Investigating pulmonary and non-infectious complications 1n
common variable immunodeficiency disorders: a UK national
multi-centre study

Bronkiektasier forekom hos 64 % av patienterna och var associerade med forsamrad
lungfunktion

CVID-ILD identifierades hos 62 % av kohorten och var den mest framtradande
komplikationen

Lymfadenopati och franvaro av gastrointestinala sjukdomar var starka prediktorer for ILD

Leversjukdom fanns hos nistan hilften av CVID-ILD-patienterna, men ingen signifikant
skillnad mellan grupperna

CVID-ILD-patienter fick oftare immunsuppressiv behandling t ex rituximab och MMF
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Skillnader mellan yo T-celler och of T-celler:

* 10 T-celler kianner igen antigen direkt, utan behov av
MHC-presentation

* 10 T-celler har en bredare méalrepertoar och kan rikta sig
mot icke-peptid-molekyler och stressinducerade antigen

* v0 T-celler teagerar snabbt utan att behova genomga
klonal expansion

* v0 T-celler fungerar som en bro mellan det medfodda
(innate) och det adaptiva immunforsvaret

* v0 T-celler kan utveckla svar som liknar immunologiskt
minne
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Immunbrist som leder till minskat antal yo T-celler

* Mutationer 1 gener som paverkar NF-kB-signalering (t.ex. NFKBIA, NFKBIB)
resulterar 1 kraftigt reducerade yo T-celler, medan of3 T-celler ofta ar bevarade

* Detta tyder pa att yo T-celler ar sarskilt beroende av stabil NF-kB-aktivering
under sin utveckling

Inborn Errors of Immunity affecting the balance between aB and y3 T cells

Reduced yd with

Relative increase of y& T cells, mostly associated with a3 lymphopenia
normalaB T cells
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v(D)J Metabolic DNA repair | TCR and CD3 TCR signaling Actinopathies™ | | MHC Class |

NFkB Signaling

Recombination Signaling Pathways NBS17 PTCRA CD45 WASP TAP1
NFKBIKB RAG1/RAG2* IL2RG™ ADA* ATM TRAC LCK CORO1A £2m
NFKBIA (GOF) DCLRE1C* IL7RA* CD35 * LAT RASGRP1
(NFKBIKA) LIG4a* JAK3™ CD3y ZAP70
L7

* Hypomorphic defects + small proportion of patients



Immunbrister med o0kad yo T-cellsexpansion

* Vid vissa former av atypisk SCID (t.ex. hypomorfa mutationer 1 RAG1/2, IL7R, JAK3) ses
en kompensatorisk expansion av yo T-celler.

* v0 T-celler verkar mindre beroende av V(D)J-rekombination och IL-7-signalering an o3
T-celler.

Inborn Errors of Immunity affecting the balance between ap and y3 T cells

Reduced yd with
normalaB T cells
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NFkB Signaling Recombination Signaling | | Pathways NBS1 PTCRA CD45 WASP TAP1
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NFKBIA (GOF) DCLRE1C* IL7RA* CcD35 * LAT RASGRP1
(NFKBIKA) LIG4* JAK3* CcD3y ZAP70

L7

* Hypomorphic defects + small proportion of patients




TCR-si1gnalering och yo T-cellers motstandskraft

* Mutationer 1 gener som paverkar TCR signalering (PTCRA, TRAC, CD3D, ZAP70, LAT,

LCK m.fl) =) off T-celler kraftigt reducerade, men yo T-celler ar ofta bevarade
eller till och med expanderade

* Jamfort med af T-celler ter sig yo T-celler kontrollerade via alternativa vagar och
beroende av andra signaler

Inborn Errors of Immunity affecting the balance between a and y3 T cells
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Reduced yd with
normalaB T cells

Relative increase of y& T cells, mostf associated with aBWmphopenia
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(NFKBIKA) LIG4* JAK3*

ZAP70
IL7



DNA -reparationsdefekter och immunbrist som paverkar actin

* Sjukdomar som Nijmegen breakage syndrome och ataxia telangiectasia visar yo T-cell-
dominans

* Immunbrist som paverkar cytoskelett (t.ex. WASP, Coronin-1A4) paverkar af3 T-celler mer
an yo T-celler

Inborn Errors of Immunity affecting the balance between aB and y3 T cells
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MHC klass I-brist

* Patienter med TAPI eller f2-mikroglobulin-mutationer har laga CD8* aff T-celler
(normala CD4" aff T-celler ) men okad CD8* yo T-cellspopulation

* Bekriftar att yo T-celler ar MHC-oberoende, vilket gor dem funktionella aven vid
antigenpresentationsdefekter

Reduced yd with
normalaB T cells

NFKB Signaling
NFKBIKB
NFKBIA (GOF)
(NFKBIKA)

Inborn Errors of Immunity affecting the balance between aB and y3 T cells
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