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Abstract There are now nearly 300 single-gene inborn errors ~ phenotypes are ascribed to Primary Immunodeficiency
of immunity underlying phenotypes as diverse as infection,  Diseases (PID), making PIDs a rapidly expanding field of
malignancy, allergy, auto-immunity, and auto-inflammation. ~ medicine. The International Union of Immunological Socie-
For each of these five categories, a growing variety of  ties (IUIS) PID expert committee (EC) has published every
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other year a classification of these disorders into tables, de-
fined by shared pathogenesis and/or clinical consequences. In
2013, the IUIS committee also proposed a more user-friendly,
phenotypic classification, based on the selection of key phe-
notypes at the bedside. We herein propose the revised figures,
based on the accompanying 2015 IUIS PID EC classification.

Keywords Primary immunodeficiencies - classification -
IUIS PID expert committee

Abbreviations

«FP Alpha- fetoprotein

Ab Antibody

AD Autosomal dominant inheritance
ADA Adenosine deaminase

Adp Adenopathy

ALPS Autoimmune lymphoproliferative syndrome
AML Acute myeloid leukemia

Anti PPS  Anti- pneumococcus antibody
AR Autosomal recessive inheritance
BCG Bacilli Calmette-Guerin

BL B lymphocyte

CAMPS  CARDI14 mediated psoriasis
CANDLE Chronic atypical neutrophilic dermatosis with
lipodystrophy and elevated temperature

syndrome

CAPS Cryopyrin-associated periodic syndromes

CBC Complete blood count

CDh Cluster of differentiation

CDG-IIb  Congenital disorder of glycosylation, type IIb

CGD Chronic granulomatous disease

CID Combined immunodeficiency

CINCA Chronic infantile neurologic cutaneous and ar-
ticular syndrome

CMC Chronic mucocutaneous candidiasis

CMF Flow cytometry available

CMV Cytomegalovirus

CMML Chronic myelomonocytic leukemia

CNS Central nervous system

CSF Cerebrospinal fluid

CT Computed tomography

CTL Cytotoxic T-lymphocyte

DA Duration of attacks

Def Deficiency

DHR DiHydroRhodamine

Dip Diphtheria

DITRA Deficiency of interleukin 36 receptor antagonist

EBV Epstein-Barr virus
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EDA
EDA-ID

EO
FA
FCAS
FILS

FISH
GI
GOF
HHVS
Hib
HIDS
HIES
HIGM
HLA
HLH
HPV
HSM
HSV
HUS

IBD
IFNy
Ig

IL
IUGR
LAD
LOF
MC
MKD
MSMD

MWS

NK
NKT

NOMID

NP
PAPA

PMN
SCID
Sd
SLE
SPM
Staph

Anbhidrotic ectodermal dysplasia
Anhidrotic ectodermal dysplasia with
immunodeficiency

Eosinophils

Frequency of attacks

Familial cold autoinflammatory syndrome
Facial dysmorphism, immunodeficiency, livedo,
and short stature

Fluorescence in situ hybridization
Gastrointestinal

Gain-of-function

Human herpes virus type 8
Haemophilus influenzae serotype b
Hyper IgD syndrome

Hyper IgE syndrome

Hyper Ig M syndrome

Human leukocyte antigen
Hemophagocytic lymphohistiocytosis
Human papilloma virus
Hepatosplenomegaly

Herpes simplex virus

Hemolytic uremic syndrome

Medical history

Inflammatory bowel disease
Interferon gamma

Immunoglobulin

Interleukin

Intrauterine growth retard

Leukocyte adhesion deficiency
Loss-of-function

Molluscum contagiosum

Mevalonate kinase deficiency
Mendelian susceptibility to mycobacterial
disease

Muckle-wells syndrome

Normal, not low

Natural killer

Natural killer T cell

Neonatal

Neonatal onset multisystem inflammatory
disease

Neutropenia

Pyogenic sterile arthritis, pyoderma
gangrenosum, acne syndrome
Neutrophils

Severe combined immuno deficiency
Syndrome

Systemic lupus erythematosus
Splenomegaly

Staphylococcus sp.
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subcl Subclass

TCR T-cell receptor

Tet Tetanus

T T Iymphocyte

TNF Tumor necrosis factor

TRAPS TNF receptor-associated periodic syndrome
VZV Varicella zoster virus

WBC White blood cells

XL X-linked

Introduction

Human Primary Immunodeficiency Diseases (PID) comprise
at least 300 genetically-defined single-gene inborn errors of
immunity [1]. Long considered as rare diseases, recent studies
tend to show that they are more common than generally
thought, if only by their rapidly increasing number [2]. They
may be even more common, if we consider the emerging
monogenic determinants leading to common infectious dis-
eases, such as severe influenza [3]; autoimmune diseases, such
as systemic lupus erythematosus [4], and auto-inflammatory
diseases, such as Crohn’s disease [5]. The International Union
of Immunological Societies (IUIS) PID expert committee has

I. Immunodeficiencies affecting cellular and humoral immunity
Lymphopenia (by CBC) or T cell lymphopenia (by Lymphocyte immunophenotyping) ?

Yes = SCID

No =CID

| co19¢§|DT-B- | | CD19N: ;EIDT-B+ | |

Distinctive clinical features? ‘

| SCID T-B-NK- | | SCID T-B-NK+ | SCID T- SCID T- | Yes | | No ‘
| B+NK- B+NK+
Distinctive [ | CD4 low l | CD8 low | ‘ Others ‘
Chondrosternal clinical XL, CD 132- NN, Erythroderma, Alopecia, Adp, HSM, I
dysplasia, features? yc deficiency Eo 1, IgET Beells<2% | | TCR low
deafness (IL2RG) CIECHEL P10 HLA-DR N
ADA def (ADA) H T - HLA-DR - CD3y def (CD3G)
1 AR, CD 132+ HIGM, NP, thrombocytopenia very low: MAGT].. . I
’ CDA40 ligand def (XL, CD40LG) e
Granulocytopenia, No Yes JAK-3 def CDA40 def (AR, CD40) MHC def (MAGT1). I DOCK2 def (DOCK2) I
Thrombocytopenia (JAK3) -Hae AR: L1
deafness IgEN N Eo”, cancer, Low NK, severe (RFXANK, LCK def P'J'ro‘{eC'f pnelfmonla,
i atopy, cutaneous viral, and bacterial aTA 4 (LCK). bacterial infections
Reticulay IL7Ra (IL7R) (staph.) infections DOCK8 def (DOCKS) ey AD: CARD11 def (CARD11)
dysgenesis (AK2) CD36 (CD3D) REXAP) UNC119 def I
CD3¢(CD3E) 1BD, autoimmunity, infections, EBV (UNC119). Bacterial. viral and
infections LRBA def (LRBA) P
CD37 (cD247) Cryptosporidium
RAG 1/2 def (RAG1/ RAG2, i i
(PG / ) €D45 (PTPRC) Autoimmunity, gastroenteritis, may CD8 very low infections. Low NK
Artemis def (DCLRE1C) I have granuloma (CVID) 1COS def (ICOS) CDS8 def (cD8A) and Ig levels. NIK def
DNA PKcs def (PRKDC) Detectable thymus I ((iErEEY))
Coronin-1A def Lack of naive T cells, EBV infection, HPV T
(CORO1A) infection, autoimmunity, congenital HLA AB + Recurrent bacterial, viral
Microcephaly + facial dysmorphism heart disease MST1 def (STKk4) ZAP-70 def (zAP70) and fungal infections;

. clinical phenotype of
DiNAllizasellvidetiLica) EBV-Lymphoproliferation I SCID IKBKB def (IKBKB)
CERNUNNOS/XLF def (Cernunnos) ITK def (1TK) CD27 def CTPS1 def LRAMAS= T

TAP1-2 neg Vasculitis Bacterial, fungal and
MHC-| def viral infections. Impaired

TCRap1 T-cell deficiency,viral infections, autoimmunity TCRa def (TRAC) |

(TAP2, TAP1 or TAPBP)

T cell proliferation and

Lack of naive T cells, HPV infection, MC RHOH def (RHOH)

| antibody response

MALT1 def (MALT1)

HLA AB - =

Recurrent infections,

IBD, reduced IgG, respiratory infections IL21 deficiency

hypoprotidemia hypogammaglobulinemia,

lack of memory cells

| Susceptibility to cryptosporidia and cholangitis IL21R def (IL21R)

Kaposi’s sarcoma, impaired immunity to HHV8 0X40 def (0X40)

MHC-I def (B2M) BCL10 def (BCL10)

| Cutaneous granuloma,

Fig. 1 Immunodeficiencies affecting cellular and humoral immunity.
ADA Adenosine Deaminase, Adp adenopathy, AR Autosomal Recessive
inheritance, CBC Complete Blood Count, CD Cluster of Differentiation,
CID Combined Immunodeficiency, EBV Epstein-Barr Virus, EO
Eosinophils, HHV8 Human Herpes virus type 8, HIGM Hyper IgM
syndrome, LA Human Leukocyte Antigen, HSM Hepatosplenomegaly,

HPV Human papilloma virus, /BD Inflammatory bowel disease, /g
Immunoglobulin, MC Molluscum contagiosum, N Normal, not low, NK
Natural Killer, NN Neonatal, NP Neutropenia, SCID Severe Combined
ImmunoDeficiency, Staph Staphylococcus sp., TCR T-Cell Receptor,
XL X-Linked
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DNA repair defects: Congenital
Karyotype ++ thrombo-
[ cytopenia

Ataxia, aFP; malignancies;

Chromosomal instability
Ataxia telangiectasia (ATM)
T

Microcephaly; birdlike face; lymphomas;
ionizing radiation sensitivity; Chromosomal
instability Nijmegen breakage Sd (NBS1)

[T
Marrow failure; leukemia; lymphoma;short
stature; birdlike face; sensitivity to the sun;
Chromosomal instability Bloom sd (BLM)

Short-limbed dwarfism
with metaphyseal
dysostosis; sparse hair;
anemia; neutropenia;
cancers; impaired
spermatogenesis;
neuronal dysplasia of
the intestine

Cartilage Hair
Hypoplasia (RMRP)

T

Facial dysmorphic features; macroglossia;
bacterial/opportunistic infections,
malabsorption; panhypogamma-
globulinemia; multiradial configuration
(Chrom.1,9, 16): Immunodeficiency with
centromeric instabiltiy and facial anomalies
(ICF) (DNMT3B or ZBTB24)

[T

Short stature;
spondyloepiphyseal
dysplasia; intrauterine
growth retardation;
nephropathy; decreased
thymic function
Schimke sd
SMARCAL1)

Immuno- Thymic Hyper-IgE
osseous defects syndromes
dysplasias (HIES)

Il. CID with associated or syndromic features

Inherited bone marrow failure sd
Dyskeratosis congenita (DKC)

Others |

Distinctive facial features
(broad nasal bridge),
eczema, osteoporosis and
fractures, scoliosis,
delayed shedding of
primary teeth, hyper-
extensible joints, bacterial
infections (skin and
pulmonary abscesses,
pneumatoceles) due to
Staph aureus, candidiasis
AD-HIES (Job sd ) (STAT3)

Intrauterine growth
Retardation,micro-
cephaly, digestive tract
involvement,
pancytopenia, reduced
number and function of
NK cells XL-DKC (DKC1)

Neuropathy,
autoimmunity, viral
infections, hypouricemia
PNP def (NP)

HIGM, café-au-lait spots; Lymphoma,
colorectal carcinoma, brain tumor:

PMS2 def (PMS2)

Short stature; Mild motor control to ataxia
and normal intelligence to learning
difficulties; mild facial dysmorphism to
microcephaly; Cellular radiosensitivity

Thymic defects, Hypo-
parathyroidism; conotruncal
heart defects; abnormal facies.
FISH positive. Di George sd
(Interstitial deletion of 22q11-
pter or10p)

Congenital ichthyosis,
bamboo hair, atopic
diathesis, Increased
bacterial infections,
failure to thrive, MIgE
and IgA.

Comel Netherton sd
(SPINKS)

Reticular
hyperpigmentation of the
skin, dystrophic nails,
osteoporosis,premalignant
leukokeratosis of the
mouth mucosa, palmar
hyperkeratosis, anemia,
pancytopenia

AD-DKC (TERC, TINF2,
RTEL1, TERT, ACD)

Agenesis of the corpus
callosum, cataracts,
cardiomyopathy,

skin hypopigmentation
and immunodeficiency
Vici syndrome (EPG5)

[T

Lymphangiectasia ,
dysmorphy Hennekam-
lymphangiectasia-
lymphedema sd
(CCBE1)

[1

RNF168 def (RNF168)
I
Viral infections (EBV, HSV, VZV), Adrenal
failure, Short stature . Low NK. MCM4 def
(MCM4)

Thymic defects

Coloboma, heart anomaly,
choanal atresia, retardation,
genital and ear anomalies
CHARGE sd (CHD7, SEMA3E)

Recurrent pneumonia,
recurrent skin abscesses
AR-HIES PGM3
deficiency (PGM3)

Pancytopenia, sparse scalp
hair and eyelashes,
periorbital telangiectasia,
and hypoplastic/
dysplastic nails

AR-DKC (RTEL1, TERT,
PARN, NOLA2, NOLA3,
ACD, DCLRE1B)

Hepatic veno-occlusive
disease; Pneumocystis
Jiroveci pneumonia; CMV,
candida. Thrombocytop.;
HSM: Hepatic veno-
occlusive disease
with immuno-
deficiency (VODI)
(SP110)

Autoinflammation, Amylopectinosis HOIL1 def (HOIL1) |

T

Autoinflammation, Amylopectinosis Lymphangiectasia HOIP def (HOIP1) |

[

Anhidrotic Ectodermal
Dysplasia (EDA) :

XL-EDA-ID

X-linked recessive with
immunodeficiency :
pyogenic bacteria and
environmental
mycobacteria.

Colitis (20%).

50% : hypogammaglob.
and 15 % : high serum
1gM levels. Impaired
antibody response to
pneumococcal
polysaccharides
NEMO def (IKBKG)

AD-EDA-ID

+T-cell defect

Recurrent bacterial
infections, opportunistic
infections . Diarrhea
and/or colitis.
Hypogammaglob. (IKBA)

Autoimunity, EDA,
Myopathy . Ca++ channel
def (ORAI-1, STIM-1)

XL, Thrombocytopenia with small platelets;
eczema; lymphomas; autoimmune disease;
1gA nephropathy; bacterial and viral
infections.

Alopecia, abnormal thymic
epithelium, impaired T cell
maturation

Winged helix def (FOXN1)

Multiple intestinal atresias (majority), often with intrauterine polyhydramnios and early demise, sometimes
absent T cells Immunodef with multiple intestinal atresias (TTC7A)

Mild facial dysmorphism (malar hypoplasia, high forehead), livedo, short stature; recurrent upper and lower
respiratory tract infections, recurrent pulmonary infections and recurrent meningitis FILS sd (POLE1)

Wiskott Aldrich sd or X-Linked
Thrombocytopenia (mild form) (WAS)

WAS-like phenotype, AR WIP deficiency
(WIPF1)

Fig. 2 CID with associated or syndromic features. These syndromes are
generally associated with T-cell immunodeficiency. aFP alpha-
fetoprotein, AD Autosomal Dominant inheritance, AR Autosomal
Recessive inheritance, CMF Flow cytometry available, EDA Anhidrotic
ectodermal dysplasia, EDA-ID Anhidrotic Ectodermal Dysplasia with
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Growth Hormone insensitive dwarfism, dysmorphic features, eczema, lymphocytic interstitial pneumonitis STAT5b def (STAT5B)

IT

mental retardation

TCN2 deficiency

SLC46A1 def

Defects of Vitamin B12 and Folate metabolism Megaloblasticanaemia, pancytopaenia, untreated for prolonged periods results in

MTHFD1 defici

Immunodeficiency, FILS Facial dysmorphism, immunodeficiency,
livedo, and short stature, FISH Fluorescence in situ Hybridization, HSM
Hepatosplenomegaly, HSV Herpes simplex virus, /g Immunoglobulin,
VZV Varicella Zoster virus, WAS Wiskott-Aldrich syndrome, XL
X-Linked inheritance
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M. I-°redominantly antibody deficiencies

Recurrent bacterial infections eg : Otitis, pneumonia, sinusitis, diarrhea, sepsis

Serum Immunoglobulin Assays : IgG, IgA, IgM

IgG, IgA and/or IgM W ¥ ‘ 19G (V) ,IgA(WV)
Exclude 20 causes: drugs [Hx], myeloma [bone and IgM(N / 1) :
marrow], Lymphoma . Ig loss (not hypo-IgM) in

urine, Gl or skin HIGM

| B Lymphocyte (CD19+) enumeration (CMF) | [T
Healthy infant, no

| B absent | ’ B>1% | ~ increased bacterial
infections. Normalisation

[ 1 at 36-60 months

IgAWV Normal Congenital
IgA,lgG,IgM B cell
lymphocyto

11gG subclasses 1,2,3 119G subclasses 1,2,3 levels sis

levels  (measure at (measure at least two) ?

etttz 2 Specific antibody responses

2 Specific antibody (anti-PPS antibodies and

responses (anti-PPS Tet/dip/hib) ? AD, SBM, Adp.

antibodies and

Tet/dip/hib)
1gG subclasses Low Bacterial and viral

+/- poor Specific Ab
infections, EBV

i response :
Selective IgA def Isolated IgG subclass chronic infection,

Low IgG Autoimmune

Sub classes 19G2 Low + impaired
. cytopenia
1gA with response to PPS and hib :

19G subclasses def Bronchiectasis, autoimmunity,

CARD11 gain of

chronic EBV, CMV infection ]
e S Activated PI3K-5 function
antibody responses mutations
1gA with Specific Ab (PIK3CD, p110) (CARD11)
deficiency

X-Linked A lobu- (o] 1 Variable i
T h; -
linaemia (BTK) Immunodeficiency ransllel:ltl_ ypo_gan;ma
Disorders (CVID) globulinemia of
AR infancy
Agammaglobulinaemias Very rare AR disorders: ||
. TACI,BAFF-R, CD19, AR hyper-IgM disorders,
1 heavy chain Def CD81, CD20, CD21, with lymphoid
(IGHM) TWEAK, NFKB2 yDerolasia:
Iga (CD79A) —
1gB (CD79B) Th - AID def (AICDA)
ymoma with
BLNK (BLNK) T s eTene, UNG def (UNG)
15 (IGLL1) Bacterial/ opportunisitc Others
RISRRICER(RIKS ) infections, autoimmunity 1
T I
AD Myelodysplasia with INO80 def
EA47 transcription factor PORCPEAERENIND (INO80)
def (TCF3) hypogammaglobulinemia
(Monosomy 7, trisomy 8 MHS6 def
SHOKE, GAITA2|) (MHS6) (cancer)
1
Congenital sideroblastic anemia, deafness, Growth retardation.
developmental delay : TRNT1 def (TRNT?) EBV. CMV viremia.
[T PIK3R1
Trichorrhexis nodosa TTC37 def (TTC37) | loss-of-function
- (PI3KR1)
Dysmorphic facial features, Hypotonia, neurologic
disorder; severe hypogammaglobulinemia
CDG-lIb (MOGS)

Fig. 3 Predominantly Antibody deficiencies. 4b Antibody, Adp
adenopathy, 4Anti PPS Anti- pneumococcus Antibody, AR Autosomal
Recessive inheritance, CD Cluster of Differentiation, CDG-IIb
Congenital disorder of glycosylation, type 1Ib, CMV Cytomegalovirus,

IgG subclasses +/-IgA,
absent IgE, asymptomatic : Ig
heavy chain mutations or
deletion (mutation or

chromosomal deletion 14q32)

All have lambda chain,
asymptomatic

K chain def (IGKC)

CT Computed Tomography, EBV Epstein-Barr Virus, Dip Diphtheria, G/
Gastrointestinal, Hib Haemophilus influenzae serotype b, Hx medical
history, Ig Immunoglobulin, SPM Splenomegaly, subcl subclass, Tet
Tetanus, XL X-Linked inheritance
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I IV. Diseases of immune dysregulation I
. ot . ndromes with Autoimmuni Immune dysregulation Type 1
I Hemophagocytic Lymphohistiocytosis (HLH) | Sy ty SOy v .
with colitis Interferonopathies
Severe EBV. : Inflammatory bowel disease
. . -associated ALP i
Hypop ion infl i Ilymphoproliferation S Splenomfega.ly, (IBD) Folliculitis, Recurrent +Skin
persistent fever ymphop adenopathy, de ec“‘.’e respiratory diseases, Arthritis vascularitis
= lymphocyte apoptosis, 1L-10 def (IL10) !
Specific hair shaft Normal Low fL’ “h P Honmtitie, Fi CD3 double negative > 2,5 %? mouth ulcers,
anomaly CD107 CD107 ymphoma, Hepatitis, Erequent arthropathy
Neutropenia Degranulat Degranulati EBYV induction of HLH. NKT cell + Lymphoma
Increased bleeding gion on (T, NK) deficiency. Reduced CTL activity No Yes IL-10Ra def (IL10RA) SAMHD1
Low degranulation ’ to EBV. SAP deficiency (CMF). IL-10RB def (IL10RB) o
g . NK). o Pudia || XLP1 (SH2DIA) -
de[”,"d"; ZP;B 4 Perforin L - IBD, recurrent sinopulmonary AGSS
sd type 2 (. ) deficiency XL. S .. AD, AR, autoimmune i i
» Splenomegaly, Colitis, XIAP . infections NFATS (SAMHDI)
(L)) deficiency (CMF) XLP2 (XIAP) Sy haploinsuffisiency (NFATS,
Giant lysosomes in FHL2 ALPS-FAS(FAS) B v )
Leukocytes on blood (PRF1) . .
e i Autoimmune polyendrocrinopathy with candidiasis and AD or AR, lupus, autoimmune blood Prog.r.esstve encephalopathy Intracranial
Specific hair shaft ectodermal dystrophy: Autoimmunity affecting parathyroid, cytopenias ALPS-FASLG (FASLG) calcifications, Cerebral atrophy,
anomaly . Munc 13-4 adrenal, other endocrine organs; candidiasis; dental enamel leukodystrophy HSMG, Thrombocytopenia,
Low degranulation deficienc hypoplasia APECED (4IRE) AD autoimmune disease Elevated hepatic transaminases
(T.’NK) FHL3 Z ALPS-CASP10 (CASP10) Chronic cerebrospinal fluid (CSF)
analry ical di 13 Immune dysregulation, polyendocrinopathy, enteropathy lymphocytosis Aicardi-Goutieres (TREXI,
Ee;lrg_()iu:, N ISE?S% (UNC13-D) XL : Autoimmune enteritis, early onset diabetes, thyroiditis, AR, Recurrent bacterial and viral RNASEH2B, RNASEH2C, RNASEH24),
p ;S;; igashi s | hemolytic anemia, thrombocytopenia, eczema. Lack of CD4+ infections, Functional hypospleni
Munc 18- CD25+ FOXP3+ Regulatory T cells. IgA, IgET. IPEX(FOXP3) liver dysfunction, defective IFNy Progressive encephalopathy intracranial
2/STXBP2 biology FADD deficiency (FADD) calcification, Severe developmental delay,
Specific hair shaft deficiency Lymphoproliferation, autoi ity, impaired T-cell leukodystrophy ADARI def, AGS6
anomaly X P.nmary Bowel function. CD25 deficiency (IL2RA) AD, Recurrent bacterial and viral (ADARI) . AGS7 (IFIHI).
Low degranulation disease infections, defective lymphocyte
(T, NK) Increa_\sed Multi-organ autoimmunity, chronic lung disease, failure to activation Recurrent bacterial and viral infections,
Griscelli sd type 2 bleedings. thrive, developmental delay, macrocephaly ITCH def (ITCH) CASPASE 8 defect (CASPS) u X ! X Vi '_ fons,
(RAB27a) Intracranial calcification, SLE-like
_ N FHLS STXBP2) Lymphoproliferation, Solid organ autoimmunity, AR, Recurrent infections; EBV chronic autcnmmurll.ty (S].iigren i .
Specific hair shaft [} recurrent infections. STAT3 GOF (STAT3) e ey hypothyroidism, inflammatory myositis,
anomaly Syntaxin 11 y N R o Raynaud's disease and vitiligo), hemolytic
deficiency. . . . . Ui lepiicticend anemia, thrombocytopenia, skeletal
Hermansky Pudlak Varlable. lymphoproliferation, s?vere. autoimmune anti-phospholipid syndromes) et e TR (eI (TS
sd type 9 (PLDN) FHL4 (STXI1) cytopenias, hypergammaglobulinemia, recurrent HypolgG PRKCdelta def (PRKCD) lysplasia, short stature (- )
- infections,.Tripeptidyl-Peptidase Il def (TPP2)
— _— - Early-onset inflammatory disease, rash, tachypnea, systemic
LVpceamazicbuinemiliecLysatiniection-laicinuiine inflammation, vascular inflam, pulmonary inflammation VACI (STING)
autoimmune clinical features, decreased circulating B cells
CTLA4 def (ALPS-V) (CTLA4) Recurrent fever, Early-onset stroke, Livedo racemosa, low IgM,
Hypogamma, Lymphopenia, Polyarteritis nodosa, childhood-onset ADA2

Fig. 4 Diseases of Immune Dysregulation. AD Autosomal Dominant Hemophagocytic lymphohistiocytosis, HSM Hepatosplenomegaly, /BD
inheritance, ALPS Autoimmune lymphoproliferative syndrome, AR Inflammatory bowel disease, /FN+v Interferon gamma, /g
Autosomal Recessive inheritance, CD Cluster of Differentiation, CMF Immunoglobulin, /L interleukin, /nflam Inflammation, NK Natural Killer,
Flow cytometry available, CSF' Cerebrospinal fluid, CTL Cytotoxic T- NKT Natural Killer T cell, 7 T lymphocyte, XL X-Linked inheritance
Lymphocyte, EBV Epstein-Barr Virus, GOF Gain-of-function, HLH
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V. Congenital defects of phagocyte number, function, or both

‘ Yes (without anti-PMN)

Neutropenia ?

]

No ‘

Syndromic ‘ | No syndromic ‘ ‘ DHR assay (or NBT test) |
—— 1 [T
Pancytopenia, exocrine Symptomatic e Normal Abnormal
pancreatic insufficiency, T
Chondrodysplasia T | |
Shwachman-Diamond (SBDS, i iti LAD : i 8
£ / 1 CBC /twice FEE e, . . Susceptibility to CGD
I T i Transient palmoplantar Skin |n|fect|ons evolve to Early onset of severe and
Structural heart defects, Wit v X 8 NP of Hyperkeratosis nggce:';;;b Mycocbacteria, recurrent infections affecting
B i Cyclic . N initially the natural barriers of
et el e iations ? infancy Papillon-Lefévre Papilloma Viruses, the organism ( lungs, lymph
venous angiectasias of trunks variations ? (cTsc) LAD I (ITGB2) des, skin), and el
and limbs IT | | Delayed cord separation Histoplasmosis, WEEIEE, BLAIW), BT GUEETELY
Severe congenital neutropenia . with omphalitis+++, Skin inner structures (liver, spleen,
type 4 (GGPgC3) P Yes : Cyclic Virus infections evolve to large Alveolar proteinosis, bones, brain, and +++ hepatic
ype i . Poor wound healing ulcers, no pus formation, abscess).
— ne(ugt::::;“a induced NP ek G e I myelodysplasia/AM
Leukocytosis. DHR observed in infection i
Extramedullary hematopoiesis, area. Periodontitis leads L/ CMML . Low NK. f;:;:::g::ti::::;u;:'ng
bone marrow fibrosis, assay negative to to early loss of teeth. , gastrointes’tinal tracts.
h ly: SCN5 (VPS45! No =Severe CD18 def (CMF) severity GATA2 def (GATA2) 3
nephromegaly: ( ) C ital fMLP stimulation o g W € Inflammatory bowel disease
T ongerTl a with the degree of (Crohn’s like disease) and
Fasting hypoglycemia, lactic Neutropenia (SCN) Rac 2 def (RAC2) deficiency in CD18. perianal disease : up to 30 %
acidosis, hyperlipidemia, IT sis with
R R neutrophilia (WBC : i
Hepatomegaly Glycogen AD Bilobed nuclei R TTEET i G Pathogens : typically catalase

storage disease type 1b
(G6PT1)

T

+/- Myelodysplasia SCN1 (ELANE).
B/T { : SCN2 (GFI1)

Specific granule
deficiency (C/EBPE)

85 % neutrophils)

LAD I (SLC35C1)

Retinopathy, developmental
delay, facial dysmorphism .
Cohen sd (VPS13B)

AR Kostmann (HAX1)
JAGN1 def (JAGN1)
G-CSF receptor def (CSF3R)

Cardio-myopathy, growth
retardation, XL Barth sd (TAZ)

XL-Neutropenia/ myelodysplasia
(WAS)

Alveolar
macrophages
Pulmonary alveolar
proteinosis
(CSF2RA)

Extremely rare. Recurrent
infections with marked
leukocytosis. Severe
growth delay and severe
intellectual deficit. Facial
dysmorphism ( depressed
nasal bridge). Severe

Poikiloderma, myelodysplasia: Poikiloderma with neutropenia (C160rf57)

Periodontitis only
Localized juvenile
periodontitis (FPR1)

Failure to thrive, partial Albinism, Hypogammaglobulinemia :
P14/LAMTOR?2 def (ROBLD3/LAMTOR2)

 —

Microcephaly, hypoglycemia, hypotonia, ataxia, seizures,
cataracts, IUGR 3-methylglutaconic aciduria, type VII (CLBP)

Failure to thrive,
mental retardation:

B-Actin (ACTB)

Fig. 5 Congenital defects of phagocyte number, function, or both. For
DHR assay, the results can distinct XL-CGD from AR-CGD, and
gp40phox defect from others AR forms. AD Autosomal Dominant
inheritance, AML Acute Myeloid Leukemia, AR Autosomal Recessive
inheritance, BCG Bacilli Calmette-Guérin, CBC Complete Blood Count,

peri itis later in life.
Bombay blood group.
Infections: rarely life
threatening. Patients may
live to adulthood.

LAD Il (FERMT3)
Severe bacterial
infections and

severe bleeding disorder.
leukocytosis with
neutrophilia Platelet
aggregation assay.

negative bacteria (Staph.
aureus and gram-negative
bacilli, Aspergillus, Candida);
other: Burkholderia
cepacia,Chromobacterium
violaceum, Nocardia, and
invasive Serratia marcescens. In
developing countries, BCG :
adverse effects in up to 20 %.

Microscopic granulomas.
Inflammatory

XL CGD: CYBB (gp91p">x)

AR CGD:
NCF1 (p47°hox)
CYBA (p22°">%)
NCF4 (p40ehox)
NCF2 (p67°hx)

CD Cluster of Differentiation, CGD Chronic Granulomatous Disease,
CMML Chronic MyeloMonocytic Leukemia, DHR DiHydroRhodamine,
1UGR Intrauterine growth retard, LAD Leukocyte Adhesion Deficiency,
NP Neutropenia, PNN Neutrophils, SCN Severe congenital neutropenia,
WBC White Blood Cells, XL X-Linked inheritance
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VI. Defects in intrinsec and innate immunity

Predominant susceptibility
to invasive infections
with pyogenic bacteria

Predominant susceptibility to
viral infection

Parasitic infections and
fungal diseases

Susceptibility to
Mycobacteria

L

Predisposition to invasive
bacterial infections
(meningitis,

sepsis, arthritis,
osteomyelitis and
abscesses), often in the
absence of fever.

Predominant pathogens
(S. pneumoniae, S. aureus
and Pseudomonas
aeruginosa). Non-invasive
bacterial infections (skin
infections and upper
respiratory tract
infections). Improve with
age.

Routine screening

tests are normal. Specific
screening tests (lack of
proinflammatory
cytokine production and
CD62L shedding) :
available only in
specialized clinical
immunology laboratories.

Bacteremia
(encapsulated
bacteria)

No spleen

Isolated
congenital
asplenia

(RPSA)

| IRAK4 def (IRAK4) |
[T

| MyD88 def (MYD8S) |

Fig. 6 Defects in Intrinsec and Innate Immunity. AD Autosomal
Dominant inheritance, AR Autosomal Recessive inheritance, BCG
Bacilli Calmette-Guérin, BL B lymphocyte, CMC Chronic

Herpes simplex
Encephalitis

Dominant clinical
phenotype is herpes
simplex encephalitis
(HSE) during primary
infection with herpes
simplex virus type 1
(HSV1), usually
between 3 months and
6 years of age.

Routine screening
tests are normal.

Specific tests
examining the TLR3
pathway : marked
decrease in the ability
of patient’s

fibroblasts to produce
IFN-B/-A in response to
TLR3 agonists and
HSV1 infection.

AD APOL1

Trypanosomiasis

CMC

Chronic

Warts,
Hypogammaglobulinemia,
infections, Myelokathexis

AD. Neutropenia, reduced B
cell numbers.

Warts/ human papilloma
virus infection.

WHIM sd (CXCR4)

Mucocutaneous
Candidiasis

Occasionally
autoimmunity,
no ectodermal
dysplasia

Susceptibility to
Mlycocbacteria, Candida,
Myeloproliferation

IRF8 def (AR form) (IRF8)

Susceptibility to
Mycocbacteria, Candida
RORc def (RORC)

LT

Human papilloma virus
(group B1) infections and
skin cancer
Epidermo-dysplasia
verruciformis

AD: STAT1 (gain of
function) IL17F

AR: IL17RA
IL17RC

(EVER1/TMCEB,
L1 EVER2/TMC8) Invasive candidiasis
L83 —— or dermatophytic
UNC93B1 Viral infections disease
— STAT1 def CARDS def
STAT2 deficiency €
udl? = (CARD9)
||
AD: Severe viral infections LT
T CD16 def Blepharitis,
— Folliculitis and
(RIE Severe influenza )
TRArs disease macroglossia
TBK1 IRF7 def (EIT G ()

MSMD
1L12 —IFNy axis def.

AD IFNGR1 (mycobacterial
osteomyelitis).

Complete AR IFNGR1 and
AR IFNGR2 (Serious
disseminated BCG

and environmental
mycobacteria infections
(soft tissue, bone marrow,
lungs, skin, bones and
lymph nodes), Salmonella
spp., Listeria
monocytogenes and viruses

Partial STAT1 LOF (AD),
Partial IFNyR1, partial
IFNyR2 , complete IL-
12RB1, complete IL-
12B,complete

ISG15, XL CYBB, IRF8, Tyk2,
XL NEMO

usually less severe

mucocutaneous candidiasis, SV Herpes simplex virus, /FN+ Interferon
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gamma, /g Immunoglobulin, /L interleukin, LOF Loss-of-function,
MSMD Mendelian Susceptibility to Mycobacterial Disease, PMN
Neutrophils, XL X-Linked inheritance
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VII. Auto-inflammatory disorders

FA : Variable.

Polyserositis, Abdominal
pain, Arthritis, Amyloidosis
Colchicine-responsive +++
Erysipelas-like erythema

Familial Mediterranean
Fever (FMF) (MEFv)

urticaria, arthritis, chills
Conjonctivitis.

Familial Cold

Autoinflammatory

Syndrome (CAPS)

(NLRP3, NLRP12)
1

AR
DA: > 3-7 days
FA: 1-2 monthly

Cervical adenopathy

Oral aphtosis. Diarrhea
Elevated IgD and IgA, acute
phase response and
mevalonate aciduria during
attacks

MKD def (HIDS ) (MVK)

AD - DA : Continuous.
Often worse in the evenings
FA: Often daily

Ethnic group : North European;
Deafness, Conjunctivitis:
Amyloidosis.
Muckle Wells syndrome
(CAPS) (NLRP3)

L1

T

AD

DA: 1-4 weeks

FA : Variable, continuous
Serositis, rash, Periorbital
edema and conjunctivitis;
Amyloidosis.

Low levels of soluble TNF-R1
when well

TRAPS  (TNFRSF1A)

AD, Sporadic
DA: Continuous
FA : Continuous

Aseptic and chronic meningitis,
Deforming arthropathy,
Sensorineural deafness.
Mental retardation; Visual
loss. CINCA (NOMID),

(CAPS) (NLRP3)
[T

Cold urticaria, humoral
immune def, autoimmunity
PLAID (PLC2G)

+Blistering skin lesion,
pulmonary and bowel disease
APLAID (PLC2G, c. 2120C>A)

Chronic recurrent
Multifocal osteomyelitis,
severe pain, tender soft
tissue swelling,
Transfusion-dependent
anemia,

MAJEED (LPIN2)

Others

Recurrent Systemic inflammation Sterile inflammation
inflammation with urticaria rash ( skin / bone / joints )
1 1 [ 1
AR AD - DA: 24-48 H AR - DA : Few days AD. DA : Continuous.
DA: 1-4 days. Cold exposure. Non pruritic FA:1-3 / month FA : Continuous. Uveitis

Granulomatous synovitis,

Camptodactyly, Rash,

Cranial neuropathies, Crohn

disease. Sustained modest

acute-phase response

BLAU syndrome (NOD2)
[T

AR - DA : Continuous
FA : Continuous

Sterile multifocal
Osteomyelitis, Folliculitis.
IL1: Unopposed effect

Deficiency of IL-1
Receptor Antagonist

AR, life-threatening,
multisystemic inflammatory
disease characterized by
episodic widespread, pustular
psoriasis, malaise, and
leukocytosis.

DITRA (IL-36RN)

AR Dystrophy,
panniculitis

CANDLE (PsmBS)

Neonatal
enterocolitis, periodic
fever, fatal
autoinflammation,
macrophage
activation syndrome

NLRC4

(DIRA) (ILIRN)
T

Hyperpigmentation, hypertrichosis
SLC29A3 mutation (SLC29A3)

AD - DA: 5days
FA: Fixed interval :4-6
weeks

Sterile pyogenic
oligo-arthritis,

Pyoderma gangrenosum,
Myositis. Acute-phase
response during attacks

PAPA (PSTPIP1)

Bone degeneration in jaws
Cherubism (SH3BP2)

Autoimmune
inflammatory
arthritis and
interstitial lung
disease

COPA def (COPA)

Psoriasis. CAMPS (CARD14)

AR, early-onset pustular dermatitis, short and broken hair,
paronychia, frequent cutaneous bacterial infections, and
diarrhea, high IL-1 and IL-6 production. Lack of TNF-a was
considered partly responsible for their increased susceptibility
to infection and development of cardiomyopathy.
Inflammatory skin and bowel disease-1 (ADAM17)

Fig. 7 Autoinflammatory Disorders. 4D Autosomal Dominant
inheritance, AR Autosomal Recessive inheritance, CAMPS CARD14
mediated psoriasis, CANDLE Chronic atypical neutrophilic dermatosis
with lipodystrophy and elevated temperature syndrome, CAPS
Cryopyrin-Associated Periodic syndromes, CINCA Chronic Infantile
Neurologic Cutaneous and Articular syndrome, DA Duration of
Attacks, DITRA deficiency of interleukin 36 Receptor antagonist, /4

Frequency of Attacks, HIDS Hyper IgD syndrome, /g Immunoglobulin,
1L interleukin, MKD Mevalonate Kinase deficiency, MWS Muckle-Wells
syndrome, NOMID Neonatal Onset Multisystem Inflammatory
Disease, PAPA Pyogenic sterile Arthritis, Pyoderma gangrenosum, Acne
syndrome, SPM Splenomegaly, TNF' Tumor Necrosis Factor, TRAPS
TNF Receptor-Associated Periodic Syndrome
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VIil. Complement deficiencies

/ Susceptibility to infections

\ Low

Glomerulonephritis.
Factor H (CFH)

Recurref\t Neisserial SLE-like syndrome Atypical Hemolytic Others
.pyog('enlc infections Uremic Syndrome
infections i | | i
Neisserial +SLE Rh toid o
infections S]] ’ AD, Hereditary
| disease, Glomerulonephritis. )
|°|n Y infections Membrane cofactor angioedema.
- [] protein (CD46) def C1 inhibitor
Recurrent severe Properdin cé6 C4 def (cD46)
pyogenic infections (PFC) C4A. C4B (SERPING1)
mainly in the lungs; .(. ’ ) | | TT
necrotizing enterocolitis C8A Clq def Factor B (CFB) Hemolytic anemia
in infancy; selective Cc8G (C1QA, €108, Factor H-related !
polysaccharides (cFD) css CIR Thrombomodulin CD59 (MIRL)
Ficolin 3 deficiency ] (THBD)
(FCN.3.) Vasculitis, I
CR3 def (ITGAM) Polymyositis C3 GOF
L — + Vasculitis @
Glomerulonephritis, L1
hemolytic-uremic C7 def (€7) Multiple
Syndrome Factor | (CFI) autoimmune
TT diseases
LSl Ere- Cls def (c15)
proliferative

Fig. 8 Complement deficiencies. 4D Autosomal Dominant inheritance, GOF Gain-of-function, LOF Loss-of-function, LAD Leukocyte Adhesion
Deficiency, SLE Systemic Lupus Erythematosus

@ Springer



J Clin Immunol

Fig. 9 Phenocopies of primary
immunodeficiencies. 4b
Antibody, ALPS Autoimmune
lymphoproliferative syndrome,
CMC Chronic mucocutaneous
candidiasis, CID Combined
Immunodeficiency, HUS
Hemolytic uremic syndrome,
IFN~ Interferon gamma, /L
Interleukin, MSMD Mendelian
Susceptibility to Mycobacteria
Disease, VZV Varicella Zoster
virus

IX. Phenocopies of PID

Associated with Associated with
Somatic Mutations Auto-Antibodies
Splenomegaly, lymphadenopathy, cMC
aufommunsloyiopenias; AutoAb to IL-17 and/or IL-22
Defective lymphocyte apoptosis. Mycobacterial, fungal, salmonella
ALUPEHAS VZV infections / MSMD or CID
ALPS-SFAS . -
(somatic mutations in TNFRSF6) Adult-onset immunodeficiency
(AutoAb to IFN gamma)
Sporadic;

Staphylococcal infections / STAT3 deficiency

Defective lymphocyte apoptosis after IL-2 withdrawal
Recurrent skin infection (AutoAb to IL-6)

Activating N-RAS defect, Pulmonary alveolar proteinosis, cryptococcal meningitis

Activating K-RAS defect /CSFZRAdeficiency
Pulmonary alveolar proteinosis

(AutoAb to GM-CSF)

(somatic mutations of NRAS or KRAS)

Angioedema

/C1 INH deficiency

Urticaria-like rash,
Acquired angiooedema (AutoAb to C1inhibitor)

arthropathy, neurological symptoms

Cryopyrinopathy Atypical HUS
(somatic mutations of NRLP3) aHUS (AutoAb to Factor H)
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proposed a PID classification [1], which facilitates clinical
research and comparative studies world-wide; it is updated
every other year to include new disorders or disease-causing
genes. This classification is organized in tables, each of which
groups PIDs that share a given pathogenesis. As this classifi-
cation may be cumbersome for use by the clinician at the
bedside, the IUIS PID expert committee recently proposed a
phenotypic complement to its classification [6]. As the num-
ber of PIDs is quickly increasing, and at an even faster pace
since the advent of next-generation sequencing, the phenotyp-
ic classification from 2013 became outdated and requires re-
vision at the same pace as the classical [UIS classification. Our
original phenotypic classification proved successful, which
placed it in the 96th percentile for citation rank in Springer
journals [7]. Given the success of our user-friendly classifica-
tion of PIDs, providing a tree-based decision-making process
based on the observation of clinical and biological pheno-
types, we present here an update of these figures, based on
the accompanying 2015 PID classification.

Methodology

We included all diseases included in the 2015 update of the
IUIS PID classification [1], keeping the nine major categories
unchanged. In addition, we considered other articles propos-
ing a PID classification published recently [8, 9]. An algo-
rithm was assigned to each of the nine main groups of the
classification and the same color was used for each group of
similar conditions. Disease names are presented in red and
genes in bold. In addition, we classed diseases or genes from
most common to less common, at the best of our knowledge
[10, 11]. These algorithms were first established by a small
committee; then validated by one or two experts for each
figure.

Results

An update of our classification, validated by the IUIS PID
expert committee, is presented in Figs. 1, 2, 3, 4, 5, 6, 7, 8
and 9.

Discussion

Since our 2013 study, 70 new diseases have been included in
the 2015 classification. Four disorders have been removed, as

the reports concerning associated immunodeficiency or genet-
ic base were not confirmed. We also eliminated duplication of

@ Springer

a disease in more than one figure and profoundly revised some
figures, following the 2015 IUIS classification.

Conclusion

The TUIS PID expert committee developed this phenotypic
classification in order to help clinicians at the bedside to diag-
nose PIDs but also to promote collaboration with national and
international research centers. Needless to say, the expert com-
mittee encourages the development of other types of PID clas-
sification. Indeed, given the success encountered by the two
current [UIS classifications, others classifications are likely to
be useful and complementary.
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