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Abstract

The number of genetically defined Primary Immunodeficiency Diseases (PID) has increased
exponentially, especially in the past decade. The biennial classification published by the IUIS PID
expert committee is therefore quickly expanding, providing valuable information regarding the
disease-causing genotypes, the immunological anomalies, and the associated clinical features of
PIDs. These are grouped in eight, somewhat overlapping, categories of immune dysfunction.
However, based on this immunological classification, the diagnosis of a specific PID from the
clinician’s observation of an individual clinical and/or immunological phenotype remains difficult,
especially for non-PID specialists. The purpose of this work is to suggest a phenotypic
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classification that forms the basis for diagnostic trees, leading the physician to particular groups of
PIDs, starting from clinical features and combining routine immunological investigations along
the way.We present 8 colored diagnostic figures that correspond to the 8 PID groups in the IUIS
Classification, including all the PIDs cited in the 2011 update of the 1UIS classification and most
of those reported since.
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Primary immunodeficiency; classification; 1UIS; diagnosis tool

Introduction

Primary Immunodeficiency Diseases (PID) comprise at least 200 genetically-defined inborn
errors of immunity [1-3]. The International Union of Immunological Societies (IUIS) PID
expert committee has proposed a PID classification [1], which facilitates clinical care and
clinical research studies world-wide; it is updated every other year to include new
information. The PIDs are grouped into eight categories based on the principal mechanism
in each disease, though if more than one mechanism is involved, there are diseases that
could appear in more than one category. For each individual PID, the genotype,
immunological and clinical phenotypes are briefly described. Since the number of disorders
is quickly increasing every year [4-6], at an even faster pace since the advent of next-
generation sequencing, the classification and these tables are therefore cumbersome. They
offer limited assistance to most physicians at the bedside, especially those outside the field
of PIDs and those in training; clinicians in regions of the world where awareness for PIDs is
limited may also find the tables tricky.

Patients with a PID may first present to many types of medical and surgical disciplines and
this is likely to be increasingly common given the growing number of patients with known
or suspected PIDs [7]. Such physicians, who may lack familiarity with PIDs, need a
classification that is based on a clinical and/or biological phenotype that they observe. This
prompted IUIS PID experts to work on a simplified classification, based on simple clinical
and immunological phenotypes, in order to provide some easy-to-follow algorithms to
diagnose a particular PID or group of PIDs. This will optimize collaboration between
primary centers and specialized centers, particularly for genetic studies, and will lead to
faster and more precise molecular diagnosis and genetic counseling, paving the way to more
appropriate management of affected patients and families. This work presents a user-
friendly classification of PIDs, providing a tree-based decision-making process based on the
observation of clinical and biological phenotypes.

Methodology

We included all diseases from the 2011 update of IUIS PID classification [1]. To stay up-to-
date, we also included new diseases described in the last 2 years [2]. However, there may be
other genes associated with PIDs that are not included here to be faithful to our inclusion
criteria. An algorithm was assigned to each of the eight main groups of the classification.
We used the same color for each group of similar conditions. Disease names are written in
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red. As in the IUIS Classification, an asterisk is added to highlight extremely rare disorders
(less than 10 cases reported in the medical literature). These algorithms were first
established by a small committee; then validated by one or two experts for each figure.

Results
A classification validated by the IUIS PID expert committee is presented in Figs. 1, 2, 3, 4,
5,6, 7 and 8.

Discussion

These figures are diagnostic tools that represent a modified and simplified version of the
2011 IUIS classification [1]. They are based on patients’ clinical and biological phenotypes
and are mostly presented as decision trees for diagnostic orientation. These figures serve as
diagnostic orientation tools for the typical forms of PID; the more atypical presentations of
PIDs are not covered in these figures. These figures do not therefore aim to replace
decisional trees or diagnostic protocols proposed by other teams or scientific societies [8—
11]. Rather they aim at being a user-friendly first approach to the 1UIS classification [1].
These figures enable non-PID specialists to select the most appropriate diagnostic tree and to
undertake some preliminary investigations, whilst contacting an expert in PIDs. They may
also help in the selection of the center or expert to whom the patient should be referred,
given the patient’s particular phenotype. In all cases, whether a tentative diagnosis can be
made based on these figures or not, we recommend that the practitioner outside the field
who sees a patient with a possible PID seeks specialist advice.

To simplify our figures, we did not systematically include all data from the 1UIS
classification (OMIM number, presumed pathogenesis, affected cells or function...) [1]. In
order to present the 24 pages from the IUIS classification in only 8 figures, we used
common abbreviations familiar to most physicians (explained in footnotes). The use of a
color code makes these figures easy to follow, so that they could be hung, in larger format,
in clinical wards. This is also suitable for informing young clinicians and students.

To make these figures easier to use by clinicians and biologists, we highlighted the clinical
and biological features, adding to the data from the IUIS classification some other features
typical of the PID in question. This allows an initial orientation towards a particular disease
or group of diseases. Whenever it was possible, we have focused on clinical or routine
laboratory features that distinguish disorders that are closely related. Example: A female
infant with an opportunistic infection in whom lymphocyte subpopulation investigation
reveals profound CD3 and CD16/56 lymphopenia without CD19/20 lymphopenia has a
SCID T-B+NK- phenotype, which strongly suggests Jak3 deficiency (Fig. 1). After
discussion with a team specialized in the diagnosis and treatment of SCID patients, an
analysis of the JAK3 gene will be arranged as a priority, while expert advice will be given
on the appropriate management for the infant.

Though atypical forms of PID are increasingly reported in the literature [12-15], typical
presentations of these conditions remain predominant, permitting this classification to be
useful in most of cases. Moreover, the genetic heterogeneity of most PIDs is high and
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patients with almost any PID may lack coding mutations in known disease-causing genes.
This manuscript will therefore be up-dated every other year along with the IUIS
classification. Meanwhile, we hope that this phenotypic approach to diagnosis of PID can
constitute a useful tool for physicians or biologists from various related specialties,
especially in the setting of pediatric and adult medicine (internal medicine, pulmonology,
he-matology, oncology, immunology, infectious diseases, etc...) who may encounter the
first presentation of PID patients.

Conclusion

The strengths of this algorithmic approach to the diagnosis of PID are its simplified format,
reliance on phenotypic features, presentation in user-friendly pathways, and validation by a
group of PID experts. We hope they will be useful to physicians at the bedside in several
areas of pediatrics, internal medicine, and surgery. While these algorithms cannot be
comprehensive, due to the tremendous genetic and phenotypic heterogeneity of PIDs, they
will be improved over time with progress in the field as well as by feed-back from users.
They will also be expanded with the discovery of new PIDs and the refined description of
known PIDs.
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Abbreviations

aFP Alpha- fetoprotein

Ab Antibody

AD Autosomal dominant inheritance

ADA Adenosine deaminase

Adp Adenopathy

AIHA Auto-immune hemolytic anemia

AML Acute myeloid leukemia

Anti PSS Anti- pneumococcus polysaccharide antibodies
AR Autosomal recessive inheritance

BL Blymphocyte

CAPS Cryopyrin-associated periodic syndromes
CBC Complete blood count

CD Cluster of differentiation

CGD Chronic granulomatous disease

CID Combined immunodeficiency
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CINCA
FCM*
CMML
CNS
CVID
CT
CTL
DA

Def
DHR
Dip
EBV
EDA
EDA-ID
EO

FA
FCAS
FISH
Gl

Hib
HIDS
HIES
HIGM
HLA
HSM
Hx

lg

IL
LAD
MKD
MSMD
MWS

Chronic infantile neurologic cutaneous and articular syndrome

Flow cytometry available

Chronic myelo-monocytic leukemia

Central nervous system

Common variable immunodeficiency disorders
Computed tomography

Cytotoxic T-lymphocyte

Duration ofattacks

Deficiency

DiHydroRhodamine

Diphtheria

Epstein-barr virus

Anhidrotic ectodermal dysplasia

Anhidrotic ectodermal dysplasia with immunodeficiency
Eosinophils

Frequencyofattacks

Familial cold autoinflammatory syndrome
Fluorescence in situ hybridization
Gastrointestinal

Haemophilus influenzae serotype b

Hyper IgD syndrome

Hyper IgE syndrome

Hyper Ig M syndrome

Human leukocyte antigen
Hepatosplenomegaly

Medical history

Immunoglobulin

Interleukin

Leukocyte adhesion deficiency

Mevalonate kinase deficiency

Mendelian susceptibility to mycobacteria disease

Muckle-Wells syndrome
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N Normal, not low
NK Natural killer
NKT Natural Killer Tcell
NN Neonate
NOMID Neonatal onset multisystem inflammatory disease
NP Neutropenia
PAPA Pyogenic sterile arthritis pyoderma gangrenosum, Acne syndrome
PMN Neutrophils
PT Platelet
SCID Severe combined immune deficiencies
%) Syndrome
SLE Systemic lupus erythematosus
SPM Splenomegaly
Subcl 1gG subclass
TCR T-cell receptor
Tet Tetanus
TL Tlymphocyte
TNF Tumor necrosis factor
TRAPS TNF receptor-associated periodic syndrome
WBC White blood cells
XL X-linked
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I. Combined T-cell and B-cell immunodeficiencies

| Lymphopenia (by cec)or T cell lymphopenia (by Lymphocyte immunophenotyping) |

| Yes = SCID | No = CID |
- - — X
I CD19 4 : SCID T-B- I | CD19 N : SCID T- B+ | Yes ‘:1 Distinctive clinical features? i» No
f < CD8 very
Autoimunity, EDA, Myopathy
I SCID T-B-NK- ‘ | SCID T-B-NK+ | | SCID T-B+NK- | ‘ SCID T-B+NK+ ‘ Car+ channel def (ORAI-1*, STIM-1%) TCR low low
I | L . L : CD3y def* CD8 def*
Distinctive XL, CD 132- Distinctive NN, Erythroderma, Alopecia, /-\de, (CD3G) (CD8A)
Granulocytopenia, clinical e deficiency clinical HSM, Eo T, IgE B cells <2.%
< S se——— Omenn sd (hypomorphic mutations in CDS low
Thrombocytopenia, features? (IL2RG) feature ? several SCID genes) CD4 low o
deafness T T T
Neuropathy, autoimmunity, viral
Reticular Ir Yes No AR, CD 132+ [ Yes No oo g e HLA-DR HLA-DRN XL
= JAK-3 def infections, hypouricemia PNP def MAGT1 def*
dysgenesis (AK2) (NP) very low: (MAGT1)
(JAK3) T MHC-II AR
1gM{, IgETN I EOM, cancer, Low NK, def
: severe atopy, extensive cutaneous viral, (cnta, LCK def
Chondrosternal Microcephaly + Rl and bacterial (staph.) infections RFX 5, Ly,
e PR Winged helix def* (FOXN1) e REXAD AD
dy F:‘n . d Im rphism L = REXANK) UNC119 def
calflexs YOI Detectable thymus HIGM, NP, thrombocytopenia €D40 ligand (UNC119)
Sl L c?e':‘fl?l.lllg:;e i Coronin-1A def* (CORO1A) def (XL, CD40LG) CDAO def* (AR, CD40)
-
[T " y T D . | EBV-Lymphoproliferation ITK def* (ITK) | HLAAB+ ZAP-70
2 ymphoproliferation (lympha- - def (zaP70!
Mlcrocephaly i denopathy, hepatospleno- | Lack of naive T cells, HPV infection RHOH def* (RHOH) I ¢ ) =
in utero growth megaly), autoimmunity (IPEX - T AAEE
retardation like),Impaired T-cell Lack of naive T cells, EBV infection, HPV infection, TAP1-2 ne,
Cernunnos * proliferation, dysmorphy . FISH autoimmunity STK4 def* (sTk4) Va;sculitisg
NHEJ1 i i ion.
( ) ::hownllg mlcr.'gdeletlon Anemia, NP, thrombocytopenia, B and NK cells absent, T MHC-I def (TAP1,
(el Ee DiGeorge _(22“11'2 cells non functional  IKAROS def* (1KzF1) TAP2 or TAPBP)
RAG 1/2 def (RAGI or deletion or 10p deletion)
RAG2) TCRap1 T-cell deficiency, viral infections, autoimmunity TRAC def* (TRAC)
Artemis def (DCLRE1C) IL7Ra (IL7R), CD45* (PTPRC), Growth Hormone insensitive dwarfism, dysmorphic features, eczema,
* S - s &
DNA PKcs def* (PRKDC) CD36* (CD3D)/ CD3*(CD3E)/ Iympr:oc:/tnc interstitial pneumonitis STATSb def* (STAT5B)
CD3* (CD247) Short-limbed dwarfism with metaphyseal dysostosis, sparse hair, bone marrow failure,
autoimmunity, neuronal dysplasia of the intestine Cartilage Hair Hypoplasia (RMRP)
Fig. 1.

Combined T- and B- cell immunodeficiencies. ADA: Adenosine Deaminase; Adp:
adenopathy; AIHA: Auto-Immune Hemolytic Anemia; AR: Autosomal Recessive
inheritance; CBC: Complete Blood Count; CD: Cluster of Differentiation; CID: Combined
Immunodeficiency; EBV: Ep-stein-Barr Virus; EDA: Anhidrotic ectodermal dysplasia; EO:
Eosinophils; FISH: Fluorescence in situ Hybridization; HIGM: Hyper IgM syndrome; HLA:
Human Leukocyte Antigen; HSM: Hepatosplenomegaly; 1g: Immunoglobulin; N: Normal,
not low; NK: Natural Killer; NN: Neonate; NP: Neutropenia; PT: Platelet; SCID: Severe
Combined ImmunoDeficiency; TCR: T-Cell Receptor; XL: X-Linked
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I Il. Well-defined syndromes with immunodeficiency I
DNA repair Primitive Immuno-osseous Hyper-IgE Inherited bone_ marrow failtfre sd Others |
defects: Caryotype thrombo- dysplasias syndromes (HIES) Dyskeratosis congenita T
T cytopenia | | (DKC) (Hoyeraal- Hreidarsson) Hepatic veno-occlusive

Ataxia, aFP; malignancies;
Chromosomal instability
Ataxia telangiectasia (ATM)

Moderate ataxia; normal aFP
Ataxia telangiectasia like disease* (MRE11)

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)

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

HIGM, café-au-lait spots; Lymphoma,
colorectal carcinoma, brain tumor:
PMS2 def (PMS2)

T

Mild motor control and learning difficulties,
mild facial dysmorphism, short stature,
radiosensitivity (RIDDLE sd) OR AT-like
phenotype RNF168 def* (RNF168)

Short stature;
spondyloepiphyseal
dysplasia; intrauterine
growth retardation;
nephropathy;
decreased thymic
function

Schimke sd
(SMARCAL1)

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

Ll

Staph aureus, candidiasis
AD-HIES (Job sd ) (STAT3)

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

Cartilage Hair
Hypoplasia (RMRP)

Intrauterine growth
Retardation,micro-
cephaly, digestive
tract involvement,
pancytopenia,
reduced number
and function of NK
cells XL-DKC (DK€1)

disease; Pneumocystis
Jiroveci pneumonia; CMV,
candida thrombocytopenia;
HSM

Hepatic

veno-occlusive

disease with
immuno-deficiency
(VODI) (spP110)

AR-HIES
Recurrent respiratory
infections; extensive
cutaneous viral and
staphylococcal infections,
increased risk of cancer,
severe atopy with anaphylaxis
DOCKS def (DOCK8)

Susceptibility to

mycobacteria, Salmonella,
fungi, and viruses; eczema
TYK2 def * (TYK2)

CNS hemorrhage, fungal and
viral infections Undefined
AR-HIES

Pancytopenia, sparse
scalp hair and
eyelashes, periorbital
telangiectasia, and
hypoplastic/
dysplastic nails
AR-DKC* (NOP10,
NHP2)

Anemia, neutropenia
thrombocytopenia, B and
NK cells absent, T cells
non functional

IKAROS deficiency*
(IKZF1)

XL, Thrombocytopenia with small platelets; eczema; lymphomas; autoimmune disease;
IgA nephropathy; bacterial and viral infections. FCM*. Wiskott Aldrich sd (WAS)

Mild form of WAS. X-Linked Thrombocytopenia (WAS)

WAS-like phenotype, AR WIP deficiency (WIPF1)

Fig. 2.

Well-defined syndromes with immunodeficiencies. These syndromes are generally
associated with T-cell immunodeficiency. aFP: alpha- fetoprotein; AD: Autosomal
Dominant inheritance; AR: Autosomal Recessive inheritance; CNS: Central Nervous

Reticular
hyperpigmentation
of the skin,
dystrophic nails,
osteoporosis,
premalignant
leukokeratosis of the
mouth mucosa,
palmar
hyperkeratosis,
anemia,
pancytopenia
AD-DKC (TERT, TERC,
TINF2)

Thymic defects
Hypo-parathyroidism;
conotruncal heart defects;
abnormal facies. FISH positive.
Di George sd (Interstitial
deletion of 22ql11-pter
orl0p)

Congenital ichthyosis,
bamboo hair, atopic
diathesis, Increased bacterial
infections, failure to thrive,
IgE and IgA Comel
Netherton sd (SPINK5)

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

System; FCM*: Flow cytometry available; FISH: Fluorescence in situ Hybridization; HSM:
Hepatosplenomegaly; Ig: Immuno-globulin; NK: Natural Killer; XL: X-Linked inheritance
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lil. Predominantly antibody deficiencies

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

I I

Serum Immunoglobulin Assays : IgG, IgA, IgM

IgG, IgA and/or IgM ¥ ¥ |

[ 1

Exclude 2° causes: drugs [Hx],
myeloma [bone marrow],
lymphoma / thymoma [CT]. Ig loss
(not hypo-IgM) in urine, G, or skin

[ ]

B Lymphocyte (CD19+)
enumeration FCM*

[ cD19+ absent | | cD19* >1 % |

X-Linked
Agammaglobu-
linaemia (BT7K)

Rare AR
Agammaglobulinae
mias: deficiencies of
i heavy chain (IGHM),
Iga* (CD79A), Igp+
(CD79B), A5* (IGLL1),
BLNK * (BLNK), P85
subunit of PI3K
(PIK3R1)

Common Variable
Immunodeficiency
Disorders (CVID)

Very rare AR disorders:
ICOS*, CD19*,
CD81*, CD20% CD21,
LRBA

I I

L]

[

IgG and IgA¥ and normal ’ IgAVY Normal
or increased IgM IgA,|Ig(I-i,IgM
| | Specific 1 1gG subclasses 1,2,3 levels
Healthy infant, no antibody (measure at least two)
increased bacterial Lesponses 2 Specific antibody responses
infECtiO;és-.Gl(\;ormaltirs]ation ot (anti-PPS (anti-PPS antibodies and
montns antibodies and Tet/dip/hib)
Transient hypogamma- Tet/Dip/Hib +/-
globulinemia of infancy reimmunisation)
[T I
‘ Normal | | Low | 1gG1 & Only IgG2
Interstitial pneumonia, +/- o N'EG 2 | is Low
orma
opportunistic infections Selective
71 P T
IgA Only IgG1 1gG1 &
no | | yes ‘ 2 is Low 1gG2 are
[ I Low
IgA with
Less common AR i Specific Ab Doubtful
. pecitic clinically
hyper-IgM CD40L defici e
disorders, with (CD40LG) eficiency significance
lymphoid —
hyperplasia: or (_Zheck specific specific
AID def antibody responses Ab
Doubtful clinical o
(AICDA), AR significance deficiency
UNG def (UNG), CD46 -
ey (unknown || Cg0) | Check IgG again !

Fig. 3.
Predominantly antibody deficiencies. Ab: Antibody; Anti PPS: Anti- pneumococcal

polysaccharide antibodies: AR: Auto-somal Recessive inheritance; CD: Cluster of
Differentiation; CVID: Common Variable Immunodeficiency Disorders; CT: Computed
Tomography; Dip: Diphtheria; FCM*: Flow cytometry available; Gl: Gastrointestinal; Hib:
Haemophilus influenzae se-rotype b; Hx: medical history; Ig: Immunoglobulin; subcl: 1gG
subclass; Tet; Tetanus; XL: X-Linked inheritance
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IV. Diseases of immune dysregulation

Hemophagocytic Lymphohistiocytosis

(HLH)

Hypopigmentation

]|

Giant lysosomes in
Leukocytes on blood smears
Specific hair shaft anomaly
Low CD107 degranulation
(T, NK)

Primary neurological disease
Chediak Higashi sd (LYST)

Severe inflammation,

persistent fever

\

EBV-associated
lymphoproliferation

L

Specific hair shaft anomaly
Low CD107 degranulation
(T, NK).

Griscelli sd type 2
(RAB27a)

L]

Specific hair shaft anomaly
Neutropenia

Increased bleeding

Low CD107 degranulation
(T, NK).

Hermansky Pudlak sd
type 2 (AP3B)

Normal Low
CD107 CD107
Degranulation Degranulation

(T, NK)

XL, Hypogammaglobulinemia,
Lymphoma, Hepatitis, Frequent EBV
induction of HLH. NKT cell deficiency.
Reduced CTL activity to EBV. SAP
deficiency (FCM*). XLP1 (SH2DIA)

Syndromes
with Autoimmunity

Splenomegaly, adenopathy,

defective lymphocyte

apoptosis ALPS

AD, AR, autoimmune blood
cytopenias ALPS-FAS (FAS)
|

Perforin deficiency
(FCM*)
FHL2 (PRF1)

XL, Splenomegaly, Colitis, XIAP
deficiency (FCM*) XLP2 (XIAP)

AR, Hypogammaglobulinemia
CD27 def (CD27)

AD or AR, lupus, autoimmune
blood cytopenias
ALPS-FASLG (FASLG)

|

AD autoimmune disease
ALPS-CASP10* (CASP10)

]

Specific hair shaft anomaly

Hermansky Pudlak sd
type 9 (PLDN)

Fig. 4.

Munc 13-4 Autoimmune polyendrocrinopathy with didiasis and ectodermal R
7 5 o . q ¥ AD, Recurrent bacterial and
deficiency dystrophy: Autoimmunity affecting parathyroid, adrenal, other endocrine W . N
A ] Ba viral infections, defective
organs; candidiasis; dental enamel hypoplasia APECED (A4IRE) | e
ymphocyte activation
FHL3 (UNCI3-D) CASPASE 8 defect* (CASPS)
Immune dysregulation, polyendocrinopathy, enteropathy XL : | |
Syntaxin 11 Autoimmune enteritis, early onset diabetes, thyroiditis, hemolytic anemia, . .
deficienc thrombocytopenia, eczema. Lack of CD4+ CD25+ FOXP3+ Regulatory Sporadlf:, IDEESENE Iyrpphocyte
Yo T cells. IgA, IgEt. IPEX (FOXP3) apoptosis after IL-2 wtihdrawal
bl HA b Activating N-RAS defect,
FHL4 (STX11) Activating K-RAS defect*

Munc 18-2/STXBP2
deficiency

Primary Bowel disease
Increased bleedings.

FHL5 (STXBP2)

Lymphoproliferation, autoimmunity, impaired T-cell function.
CD25 deficiency (IL2RA)

(somatic mutations of NRAS or
KRAS)

Multi-organ autoimmunity, chronic lung disease, failure to thrive,
developmental delay, macrocephaly ITCH def (ITCH)

AR, Recurrent bacterial and
viral infections, Functional
hyposplenism, liver

dysfunction, defective IFNy

Other CIDs (Table I) or B cell deficiencies (Table III) causes
autoimmunity

biology
FADD deficiency (FADD)

Diseases of immune dysregulation. AD: Autosomal Dominant inheritance; AR: Autosomal
Recessive inheritance; CD: Cluster of Differentiation; CTL: Cytotoxic T-Lymphocyte;
EBV: Epstein-Barr Virus; FCM*: Flow cytometry available; HSM: Hepatosplenomegaly;
Ig: Immunoglobulin; IL: interleukin; NK: Natural Killer; NKT: Natural Killer T cell; TL: T
lymphocyte; XL: X-Linked inheritance
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I V. Congenital defects of phagocyte number, function, or both

Yes Neutropenia ? —= No

1
; | [ ]
Syndromic
I | No syndromic ‘ DHR assay
Fasting hypoglycemia, lactic i I I
acidosis, hyperlipidemia, ‘ Anti-PMN ? Norma|
Hepatomegaly Glycogen T
storage disease type 1b LI | | l | Abnor
(GePT1) ‘ No | Poor wound healing
L 1 LAD : Leukocytosis. DHR assay Susceptibility to mal
Structural heart negative to fMLP stimulation :
WBC > 25000 g Mycobacteria
defects, urogenital s t ti ASymr:'to Rac 2 def* (RAC2) v | |
abnormalities, and yplomaric -matic — MSMD CGD
. . - Delayed cord | .
venous angiectasias 1 CBC /twi l | e, S Hemolytic anemia, [ 1 l |
i wice .
of trunks and Illmbs Weekly i = ulcers, no pus XL G6PD (G6PD) Mycobacteria +/-
Severe congenital , 2y formation 1 sal lla+/-: 1112 XL:
: Cyclic variations? NP of A - - — almonella +/- :
neutropenia type 4, e Periodontitis, CD18 Periodontitis, —IFNy axis CYBB
(G6Pc3) [ 1 [ I def (CMF¥) palmoplantar (gp91rhox)
1 No =Severe Yes: — LAD 1 (ITGB2) Hyperkeratosis IFNGR1 (AD,AR), 7
Cardio-myopathy, Congenital Cyclic N eed Dysrmorohvi Rbe Papillon-Lefévre (CTSC) IFNGR2, IL12RB1, AR :
h dati Neutropenia neutro At POy, IL12B, STAT1* (AD), :
growth retardation, X NP blood group, mental |—| 4 *
XL Barth sd (TAZ) (SCN) pens retardation, Fucose N X CYBB*, IRF8 * (AD), CYBA
— T transporter def B|Iob.e.d nuclei 1SG15, NEMO o
Poikiloderma, AR Kostmann (HAX1) | LAD 2* (SLC35C1) SPe_C'_f'c granule TeT (p22°)
myelodysplasia : deficiency* (¢/EBPE) Susceptibility to NCF1
Poikiloderma with XL-Neutropenia*/ LAD | features and 1 Mycocbacteria (p47Phox)
neutropenia (C160rf57) myelodysplasia (WAS) Yes bleedlng tendency Periodontitis only Papilloma Viru;es NCF2
— T LAD 3 (FERMT3) Localized juvenile . o 7Phox
T : i Histoplasmosis, (p )
R . periodontitis (FPR1) =
Pancytopenia, exocrine AD Auto- — Alveolar proteinosis, NCF4
pancreatic insufficiency, +/- Myelodysplasia SCN1 ) myelodysplasia/AML/ (p40Phox)
Chondrodysplasia (ELANE) immune Alveolar macrophages CMML GATA2 def
Shwachman-Diamond B/T { : SCN2* (GFI1) NP Pulmonary alveolar i
(SBDS) proteinosis* (CSF2RA) ( )
= [ 1
Retinopathy, developmental delay, facial Failure to thrive, Susceptibility to Mycocbacteria,
dysmorphism . Cohen sd (VPS13B) mental retardation: Candida, Myeloproliferation
B-Actin* (ACTB) IRF8 def (AR form)* (IRF8)
Failure to thrive, partial Albinism, Hypogammaglobulinemia : P14 def* (ROBLD3) |

Fig. 5.

Cc?ngenital defects of phagocyte number, function, or both. For DHR assay, the results can
distinguish XL-CGD from AR-CGD, and gp40phox defect from others AR forms. AD:
Autosomal Dominant inheritance; AML: Acute Myeloid Leukemia; AR: Autosomal
Recessive inheritance; CBC: Complete Blood Count; CD: Cluster of Differentiation; CGD:
Chronic Granulomatous Disease; CMML.: Chronic Myelo-monocytic Leukemia; DHR:
DiHydroRhodamine; LAD: Leukocyte Adhesion Deficiency; MSMD: Mendelian
Susceptibility to Mycobacteria Disease; NP: Neutropenia; PNN: Neutrophils; WBC: White
Blood Cells; XL: X-Linked inheritance
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VI. Defects in innate immunity

Page 14

EDA-ID

Anhidrotic ectodermal
dysplasia, various
infections,

low grade fever:

mycobacteria and

Pyogenic
bacterial
Infections:

Pneumococcus,

Staphylococcus

Low grade fever

cmC

Chronic Mucocutaneous
Candidiasis

Occasionally
autoimmunity, no
ectodermal dysplasia

Herpes
simplex
Encephalitis*

Others

Trypanosomiasis* AD APOL1

1 I

NK cell def, infection with HSV,
growth retardation, adrenal

insufficiency MCM4 def (MCM4)

AD (gain-of-function)
+ T-cell defect

(IKBA)*

Fig. 6.
Defects in innate immunity. AD: Autosomal Dominant inheritance; AR: Autosomal
Recessive inheritance; BL: B lymphocyte; EDA-ID: Anhidrotic Ectodermal Dysplasia with
Immunodeficiency; Ig: Immunoglobulin; PNN: Neutrophils; XL: X-Linked inheritance

(CARD9)

Isolated congenital asplenia

NKX2-5 def (NKX2-5)

[ T

pyogens
XL IRAK4 def AR: AR :
11gM, lack of antibody (IRAK4) IL17RA*
responses to T UNC93B1
Polysaccharides and | | AD: TLR3
proteins MyD88 def STAT1 (gain of function) s
Tremendous clinical (MYD&8) nzr*
and immunological [ 1 | I
variability Invasive candidiasis or .
dermatophytic disease AD:
NEMO def (IKBKG) TLR3*
With invasive fungal sp
diseases* TRAF3
TBK1

Warts, Hypogammaglobulinemia,
infections, Myelokathexis
Neutropenia, reduced B cell
numbers

AD

warts/ human papilloma virus
infection WHIM sd (CXCR4)
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VII. Auto-inflammatory disorders.

Usual age at onset

FA : Continuous

FA: 1-2 monthly

Neonatal Infancy Childhood / Early Adult
AR AD AR AR AD
DA : Continuous DA : Continuous, often DA: > 3-7 days DA: 1-4 days. DA: 1-4 weeks
worse in the evenings FA : Variable. FA : Variable, continuous

FA:1-3 / month

Chronic recurrent
Multifocal osteomyelitis,

Early onset enterocolitis,
Enteric fistulas,

Perianal abcesses,
Chronic folliculitis.

FA : Continuous
Urticarial rash. Aseptic and
chronic meningitis
Deforming arthropathy

Cold exposure. Non pruritic
urticaria, arthritis, chills
Conjonctivitis. Familial Cold
Autoinflammatory Syndrome

Sterile multifocal FA: Often daily Cervical adenopathy Polyserositis, Abdominal Serositis, rash, Periorbital

osteomyelitis, Ethnic group : North Oral aphtosis. Diarrhea pain, Arthritis, Amyloidosis edema and conjunctivitis;

Folliculitis. European Elevated IgD and IgA, Colchicine-responsive +++ Amyloidosis. Acute-phase

IL1: Unopposed effect Urticaria , Deafness, acute phase response Erysipelas-like erythema response during attacks. Low
Conjunctivitis and mevalonate aciduria Marked acute-phase levels of soluble TNF-R1 when

Deficiency of IL-1 Amyloidosis. during attacks response during attacks well

Receptor Antagonist Muckle Wells syndrome Familial Mediterranean TRAPS  (TNFRSF1A)

(DIRA)* (IL1RN) (CAPS) (NLRP3) MKD (HIDS ) (mvk) Fever (FMF) (MEFv)

AR AR . AD AD

Db Trel oy A DA: 24-48 H DA: 5 days

FA: Fixed interval :4-6 weeks
Sterile pyogenic oligo-arthritis,
Pyoderma gangrenosum,
Myositis. Acute-phase
response during attacks

severe pain, tender soft 1 TNFa Sensorineural deafness (CAPS)  (NLRP3)
tissue swelling, Mental retardation PAPA (PsTPIP1)
Transfusion-dependent EOIBD: Visual loss. Acute-phase
anemia, Early onset inflammatory response most of the time AD. DA : Continuous. FA : Continuous. Uveitis, Granulomatous
bowel disease (IL10/ CINCA (NOMID, synovitis, Camptodactyly, Rash, Cranial neuropathies, Crohn
MAJEED* (LPIN2) IL10R) CAPS) (NLRP3) disease. Sustained modest acute-phase response
BLAU syndrome (NOD2)
Others :

1- 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 (ADAM17)
2- AR, life-threatening, multisystemic inflammatory disease characterized by episodic widespread, diffuse erythematous pustular rash associated with high
fever, malaise, and leukocytosis. Generalized pustular psoriasis (IL-36Ra)

Fig. 7.

Autoinflammatory disorders. AD: Autosomal Dominant inheritance; AR: Autosomal

Recessive inheritance; CAPS: Cryopyrin-Associated Periodic syndromes; CINCA: Chronic
Infantile Neurologic Cutaneous and Articular syndrome; DA: Duration of Attacks; FA:
Frequency of Attacks; FCAS: Familial Cold Autoinflammatory Syndrome; HIDS: Hyper
IgD syndrome; Ig: Immunoglobulin; IL: 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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VIll. Complement deficiencies I

Susceptibility to infections
Yes / \ No

D — S T

Recurre.nt !\'i's‘c’:"al | SLE-like syndrome l Atypical Hemolytic ‘ Others
.pyogt?nlc rections uremic syndrome | |
infections
" 5 I AD, Hereditary
Rheumatoi ;
- angioedema.
Neisserial disease Mer?'\brar?o g. .
c3 . ) v roliferative Clinhibitor
infections infections B SERPING1
m anly e Glomerulonepbhritis. ( )
T
Factor H (CFH)
Clq def Acquired XL.
(€1QA, C1QB, Recurrent hemolysis
Recurrent severe c1qQq) AD, Sm——
pyogenic infections Glomerulonephritis. nocturnal
mainly in the lungs; Factor D CiR
s Membrane cofactor Hemoglobinuria
necrotizing (CFD) [T . 4
enterocolitis in protein (CDA46) def (PIGA)
1 & (cD46)
infancy; selective : I1
tibodv defect t Properdin
anHbodyiceiecuto (PFC) Hemolytic anemia,
pneumococcal Multiple s
polysaccharides autoimmune
Ficolin 3 + Vasculitis diseases CD59 (MIRL)
deficiency* (FCN3) C7 def (C7) [1
- C1s def (C1S) A developmental syndrome of facial dysmorphism,
Glomerulonephritis, cleft lip and/or palate, craniosynostosis, learning
hemolytic-uremic disability and genital, limb and vesicorenal
Syndrome Factor | Vasculitis, anomalies
(CFI) Polymyositis €2 MASP1
3MC syndrome (COLEC11)

Mostly asymptomatic
MBP (MBL2)

Fig. 8.
Complement deficiencies. Def: deficiency; SLE: Systemic Lupus Erythematosus
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