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Abstract
Primary immune deficiency diseases (PID) comprise a genetically heterogeneous group of disorders
that affect distinct components of the innate and adaptive immune system, such as neutrophils,
macrophages, dendritic cells, complement proteins, NK cells, as well as T and B lymphocytes. The
study of these diseases has provided essential insights into the functioning of the immune system.
Over 120 distinct genes have been identified, whose abnormalities account for more than 150
different forms of PID. The complexity of the genetic, immunological, and clinical features of PID
has prompted the need for their classification, with the ultimate goal of facilitating diagnosis and
treatment. To serve this goal, an international Committee of experts has met every two years since
1970. In its last meeting in Jackson Hole, Wyoming, United States, following three days of intense
scientific presentations and discussions, the Committee has updated the classification of PID as
reported in this article.
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Following the original invitation by the World Health Organization in 1970, a Committee of
experts in the field of Primary Immune Deficiencies (PID) has met every two years with the
goal of classifying and defining this group of disorders. The most recent meeting, organized
under the aegis of the International Union of Immunological Societies (IUIS), with support
from the Jeffrey Modell Foundation and the National Institute of Allergy and Infectious
Diseases (NIAID) of the National Institutes of Health, took place in Jackson Hole, Wyoming,
USA, in June 2007. In addition to members of the Experts Committee, the meeting gathered
more than 30 speakers and over 150 participants from six continents. Recent updates in the
molecular and cellular pathophysiology of PID were reviewed and provided the basis for
updating the classification of PID.

After an opening lecture in which Tom Waldmann, a founding member of the Committee,
highlighted some of his most remarkable achievements in the fields of PID and tumor
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immunology, Kenneth Murphy reviewed the signals that govern helper T cell development
and differentiation into Th1, Th2, and Th17 cells. This paved the way to presentations by Bill
Paul and Anna Villa, who illustrated how two different mechanisms (i.e., homeostatic
proliferation of CD4+ T cells in a lymphopenic host, and impaired central and peripheral
tolerance in mice with hypomorphic defects of V(D)J recombination) may lead to similar
phenotypic manifestations, that mimic Omenn syndrome1,2. The expanding field of genes
involved in V(D)J recombination, class switch recombination and DNA repair, was reviewed
by Jean Pierre de Villartay (who has reported on Cernunnos deficiency)3 and Dick van Gent
(DNA ligase 4 deficiency)4, while Fred Alt illustrated how these and other defects may lead
to generalized genomic instability5 and contribute also to tumor development. Later in the
meeting, Qiang Pan-Hammarström expanded on chromosome instability syndromes, and in
particular on the role played by ATM, the gene mutated in Ataxia-Telangiectasia, in DNA
repair6.

John Ziegler reported on a recently identified form of PID, familial hepatic veno-occlusive
disease and immunodeficiency (VODI), a combined immunodeficiency due to mutations of
the SP110 gene, a component of PML nuclear bodies7. Stefan Feske presented his work on
cloning of the ORAI1 gene, which encodes for an integral component of calcium channels,
whose mutations lead to a severe combined immune deficiency in which T cell development
is not arrested but peripheral T cells are unresponsive to proliferative signals8. Genevieve de
Saint Basile discussed the basic mechanisms involved in cell-mediated cytotoxicity, and
especially generation and trafficking of exocytic vescicles and cytolytic granules, as unraveled
through the study of human models of impaired cytotoxicity9. Dale Umetsu reviewed the
biology of Natural Killer T (NKT) cells, and Sylvain Latour described a novel form of X-linked
lymphoproliferative disease, due to mutations of the XIAP (X-linked inhibitor of apoptosis)
gene, in which impaired apoptosis is associated with a severe decrease of NKT cells in the
periphery10.

Amos Etzioni reported on Leukocyte Adhesion Deficiency type 3 (LAD3), a disease
characterized by impaired inside-out integrin signaling in leukocytes and platelets, due to
mutations of the CALDAG-GEF1 gene11. The different requirement for T and B cell
immunological memory by cytopathic vs. non cytopathic viruses, and the possible need for
persistence/boosting with antigen in this process, were reviewed by Rolf Zinkernagel.

In the last year, major advances have been achieved in the molecular and cellular
characterization of hyper-IgE syndrome. Hajime Karasuyama gave an update on mutations of
the TYK2 gene, and abnormal cytokine-mediated signaling, in an autosomal recessive form of
the disease12. Steven Holland reported that heterozygous mutations of STAT3 account for the
more common autosomal dominant form of the disease, a previously unwknown finding also
confirmed by the group of Karasuyama13. Two young investigators, Lilit Garibyan and Lalit
Kumar, discussed the molecular mechanisms of TACI deficiency (providing evidence for
intracellular pre-assembly of high-order multimers of the protein)14 and the phenotype of
LRRC8 knock-out mice, respectively.

Exciting results have recently appeared on the molecular and cellular characterization of severe
congenital neutropenia (SCN). Cristoph Klein reported on the identification of two such
defects: mutations of p1415, an endosomal scaffold protein, and of HAX116, involved in
control of apoptosis. The inflammasome was reviewed by Nunez, who showed that both gain-
of-function and loss-of-function mutations of NOD-like receptors (NLR) may cause disease
in humans. Nunez especially focused on the interplay between pathogens and molecules of the
innate immunity system17. Jean-Laurent Casanova reported on an unusual phenotype
associated with mutations of the CYBB gene (that usually cause chronic granulomatous
disease), thus further illustrating the importance of studying human patients to unravel novel
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molecules and functions within the immune system. The interplay between molecules of the
immune system and pathogens was also discussed by Cox Terhorst, who reported on the role
played by SLAM and SLAM family members in controlling bacterial infections. Michael
Carroll illustrated the role played by complement in governing memory B cell responses,
whereas Peter Zipfel discussed how defects of the alternative pathway may lead to kidney
disease18.

Immunodysregulatory disorders were introduced by Sasha Rudensky, who discussed the
development and biology of regulatory T cells. Scott Snapper showed how mutations in WASP
lead to inflammatory bowel disease in mice. Alberto Bosque presented novel data on Fas ligand
(FasL) mutations in a subgroup of patients with autoimmune lymphoproliferative syndrome
(ALPS), that result in impaired Bim expression and hence in decreased apoptosis19. Richard
Siegel discussed the molecular mechanisms involved in TRAPS, and showed that retention of
TRAPS-associated mutant TNF-receptor 1 (TNFR1) molecules in the endoplasmic retyculum
results in ligand-independent signaling20.

In his concluding remarks, Alain Fischer summarized the heuristic value of PID. He pointed
out that a substantial number of immune genes have been discovered (even in recent years)
through the study of patients with PID, whereas for many others the function has been clarified
or revealed) through the careful study of human patients. While PID have been traditionally
viewed as predisposing to a broad range of infectious pathogens, more and more examples are
being identified in which they cause selective susceptibility to single pathogens. Furthermore,
PID have illustrated the multiple pathways (impaired negative selection, defective
development/function of regulatory T cells, perturbed apoptosis of self-reacive lymphocytes
in the periphery) that may cause autoimmunity. Much more than generation of artificial models
in mice, the study of humans with PID has demonstrated the variability of phenotypes that may
associate with distinct mutations in the same gene. As Fischer emphasized, it is now time to
look at novel approaches to therapy for PID, based on the study of disease mechanisms. This
is not restricted to gene therapy, but also includes bypassing biochemical and/or cellular defects
(as shown by the use of IFN-γ in familial mycobacteriosis), and exploiting the use of chemical
compounds to allow reading-through nonsense mutations or correction of splice-site mutations.

At the end of the meeting, the IUIS Expert Committee met to update the classification of PID,
as presented in Table 1–8.
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Table II
Predominantly antibody deficiencies

Disease Serum Ig Associated features Inheritance Genetic defects/presumed pathogenesis

1. Severe reduction in all
serum immunoglobulin
isotypes with profoundly
decreased or absent B cells
   a) Btk deficiency All isotypes decreased Severe bacterial infections; normal

numbers of pro-B cells
XL Mutations in BTK

   b) μ heavy chain deficiency All isotypes decreased Severe bacterial infections; normal
numbers of pro-B cells

AR Mutations in μ heavy chain

   c) λ5 deficiency All isotypes decreased Severe bacterial infections; normal
numbers of pro-B cells

AR Mutations in λ5

   d) Igα Deficiency All isotypes decreased Severe bacterial infections; normal
numbers of pro-B cells

AR Mutations in Igα

   e) Igβ Deficiency All isotypes decreased Severe bacterial infections; normal
numbers of pro-B cells

AR Mutations in Igβ

   f) BLNK deficiency All isotypes decreased Severe bacterial infections; normal
numbers of pro-B cells

AR Mutations in BLNK

   g) Thymoma with
immunodeficiency

All isotypes decreased Infections; decreased numbers of pro-
B cells

None Unknown

   h) Myelodysplasia All isotypes decreased Infections; decreased numbers of pro-
B cells

Variable May have monosomy 7, trisomy 8 or
dyskeratosis congenita

2. Severe reduction in serum
IgG and IgA with normal,
low or very low numbers of
B cells
   Common variable
immunodeficiency
disorders*

Low IgG and IgA;
variable IgM

All have recurrent bacterial
infections. Clinical phenotypes vary:
autoimmune, lymphoproliferative
and/or granulomatous disease

Approximately
10% have a

positive family
history (AR or

AD)

Alterations in TACI, BAFFR, Msh5 may
act as contributing polymorphisms**

   a) ICOS deficiency Low IgG and IgA;
normal IgM

- AR Mutations in ICOS

   b) CD19 deficiency Low IgG, IgA and IgM - AR Mutations in CD19
   c) XLP1*** All isotypes may be

low
Some patients have antibody
deficiency though most present with
fulminant Epstein Barr Virus
infection or Lymphoma

XL Mutations in SH2D1A

3. Severe reduction in serum
IgG and IgA with normal/
elevated IgM and normal
numbers of B cells
   a) CD40L deficiency**** IgG and IgA

decreased; IgM may
be normal or
increased; B cell
numbers may be
normal or increased

Opportunistic infections,
neutropenia, autoimmune disease

XL Mutations in CD40L (also called
TNFSF5 or CD154)

   b) CD40 deficiency**** Low IgG and IgA;
normal or raised IgM

Opportunistic infections, neutropenia AR Mutations in CD40 (also called
TNFRSF5)

   c) AID deficiency IgG and IgA
decreased; IgM
increased

Enlarged lymph nodes and germinal
centres

AR Mutations in AICDA gene

   d) UNG deficiency IgG and IgA
decreased; IgM
increased

Enlarged lymph nodes and germinal
centres

AR Mutations in UNG gene

4. Isotype or light chain
deficiencies with normal
numbers of B cells
   a) Ig heavy chain deletions One or more IgG and/

or IgA subclasses as
well as IgE may be
absent

May be asymptomatic AR Chromosomal deletion at 14q32

   b) k chain deficiency All immunoglobulins
have lambda light
chain

Asymptomatic AR Mutations in kappa constant gene

   c) Isolated IgG subclass
deficiency

Reduction in one or
more IgG subclass

Usually asymptomatic; may have
recurrent viral/bacterial infections

Variable Unknown

   d) IgA deficiency
associated with IgG
subclass deficiency

Reduced IgA with
decrease in one or
more IgG subclass

Recurrent bacterial infections in
majority

Variable Unknown

   e) Selective IgA deficiency IgA decreased/absent Usually asymptomatic; may have
recurrent infections with poor

Variable Unknown
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Disease Serum Ig Associated features Inheritance Genetic defects/presumed pathogenesis

antibody responses to carbohydrate
antigens; may have allergies or
autoimmune diseases.
A few cases progress to CVID, others
coexist with CVID in the same family.

5. Specific antibody
deficiency with normal Ig
concentrations and normal
numbers of B cells

Normal Inability to make antibodies to
specific antigens

Variable Unknown

6. Transient
hypogammaglobulinemia
of infancy with normal
numbers of B cells

IgG and IgA decreased Recurrent moderate bacterial
infections

Variable Unknown

XL, X-linked inheritance; AR, autosomal recessive inheritance; AD, autosomal dominant inheritance; BTK, Burton tyrosine kinase; BLNK, B cell linker
protein; AID, activation-induced cytidine deaminase; UNG, uracil-DNA glycosylase; ICOS, inducible costimulator; Ig(κ), immunoglobulin of κ light-
chain type.

*
Common variable immunodeficiency disorders: there are several different clinical phenotypes, probably representing distinguishable diseases with

differing immunopathogeneses; alterations in TACI , BAFFR and Msh5 sequences may represent contributing polymorphisms or disease modifying
alterations.

**
A disease-causing effect has been identified for homozygous C140R and A181E TACI mutations.

***
XLP1 (X-linked lymphoproliferative syndrome) is also included in Table IV.

****
CD40L deficiency (X-linked hyper IgM syndrome) and CD40 deficiency are also included in Table I.

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 9
Ta

bl
e 

III
O

th
er

 w
el

l-d
ef

in
ed

 im
m

un
od

ef
ic

ie
nc

y 
sy

nd
ro

m
es

.
D

is
ea

se
C

ir
cu

la
tin

g 
T

 c
el

ls
C

ir
cu

la
tin

g 
B

 c
el

ls
Se

ru
m

 Ig
A

ss
oc

ia
te

d 
fe

at
ur

es
In

he
ri

ta
nc

e
G

en
et

ic
 d

ef
ec

ts
/P

re
su

m
ed

 P
at

ho
ge

ne
si

s
1.

 W
is

ko
tt-

A
ld

ric
h 

sy
nd

ro
m

e
(W

A
S)

Pr
og

re
ss

iv
e 

de
cr

ea
se

N
or

m
al

D
ec

re
as

ed
 Ig

M
:

an
tib

od
y 

to
po

ly
sa

cc
ha

rid
es

pa
rti

cu
la

rly
de

cr
ea

se
d;

 o
fte

n
in

cr
ea

se
d 

Ig
A

 a
nd

Ig
E

Th
ro

m
bo

cy
to

pe
ni

a
w

ith
 sm

al
l p

la
te

le
ts

;
ec

ze
m

a;
 ly

m
ph

om
as

;
au

to
im

m
un

e 
di

se
as

e;
Ig

A
 n

ep
hr

op
at

hy
;

ba
ct

er
ia

l a
nd

 v
ira

l
in

fe
ct

io
ns

. X
L

th
ro

m
bo

cy
to

pe
ni

a 
is

a 
m

ild
 fo

rm
 o

f W
A

S,
an

d 
X

L 
ne

ut
ro

pe
ni

a
is

 ca
us

ed
 b

y 
m

is
se

ns
e

m
ut

at
io

ns
 in

 th
e

G
TP

as
e 

bi
nd

in
g

do
m

ai
n 

of
 W

AS
P

X
L

M
ut

at
io

ns
 in

 W
AS

P;
 c

yt
os

ke
le

ta
l d

ef
ec

t
af

fe
ct

in
g 

ha
em

at
op

oi
et

ic
 st

em
 c

el
l

de
riv

at
iv

es

2.
 D

N
A

 re
pa

ir 
de

fe
ct

s (
ot

he
r t

ha
n

th
os

e 
in

 T
ab

le
 1

)
   

(a
) A

ta
xi

a-
te

la
ng

ie
ct

as
ia

Pr
og

re
ss

iv
e 

de
cr

ea
se

N
or

m
al

O
fte

n d
ec

re
as

ed
 Ig

A
,

Ig
E 

an
d 

Ig
G

su
bc

la
ss

es
;

in
cr

ea
se

d 
Ig

M
m

on
om

er
s;

an
tib

od
ie

s v
ar

ia
bl

y
de

cr
ea

se
d

A
ta

xi
a;

te
la

ng
ie

ct
as

ia
;

in
cr

ea
se

d 
al

ph
a

fe
to

pr
ot

ei
n;

 ly
m

ph
o-

re
tic

ul
ar

 a
nd

 o
th

er
m

al
ig

na
nc

ie
s;

in
cr

ea
se

d 
X

-r
ay

se
ns

iti
vi

ty
;

ch
ro

m
os

om
al

in
st

ab
ili

ty

A
R

M
ut

at
io

n 
in

 A
TM

; d
is

or
de

r o
f c

el
l c

yc
le

ch
ec

k-
po

in
t a

nd
 o

f D
N

A
 d

ou
bl

e-
 st

ra
nd

br
ea

k 
re

pa
ir

   
(b

) A
ta

xi
a-

 te
la

ng
ie

ct
as

ia
-li

ke
di

se
as

e 
(A

TL
D

)
Pr

og
re

ss
iv

e 
de

cr
ea

se
N

or
m

al
O

fte
n d

ec
re

as
ed

 Ig
A

,
Ig

E 
an

d 
Ig

G
su

bc
la

ss
es

;
in

cr
ea

se
d 

Ig
M

m
on

om
er

s;
an

tib
od

ie
s v

ar
ia

bl
y

de
cr

ea
se

d

M
od

er
at

e 
at

ax
ia

;
se

ve
re

ly
 in

cr
ea

se
d

ra
di

os
en

si
tiv

ity

A
R

H
yp

om
or

ph
ic

 m
ut

at
io

n 
in

 M
RE

11
;

di
so

rd
er

 o
f c

el
l c

yc
le

 c
he

ck
po

in
t a

nd
 o

f
D

N
A

 d
ou

bl
e-

 st
ra

nd
 b

re
ak

 re
pa

ir

   
(c

) N
ijm

eg
en

 b
re

ak
ag

e 
sy

nd
ro

m
e

Pr
og

re
ss

iv
e 

de
cr

ea
se

N
or

m
al

O
fte

n d
ec

re
as

ed
 Ig

A
,

Ig
E 

an
d 

Ig
G

su
bc

la
ss

es
;

in
cr

ea
se

d 
Ig

M
m

on
om

er
s;

an
tib

od
ie

s v
ar

ia
bl

y
de

cr
ea

se
d

M
ic

ro
ce

ph
al

y;
 b

ird
-

lik
e 

fa
ce

;
ly

m
ph

om
as

; i
on

iz
in

g
ra

di
at

io
n 

se
ns

iti
vi

ty
;

ch
ro

m
os

om
al

in
st

ab
ili

ty

A
R

H
yp

om
or

ph
ic

 m
ut

at
io

n 
in

 N
BS

1 
(N

ib
ri

n)
;

di
so

rd
er

 o
f c

el
l c

yc
le

 c
he

ck
po

in
t a

nd
 o

f
D

N
A

 d
ou

bl
e-

 st
ra

nd
 b

re
ak

 re
pa

ir

   
(d

) B
lo

om
 S

yn
dr

om
e

N
or

m
al

N
or

m
al

R
ed

uc
ed

C
hr

om
os

om
al

in
st

ab
ili

ty
; m

ar
ro

w
fa

ilu
re

; l
eu

ke
m

ia
;

ly
m

ph
om

a;
 sh

or
t

st
at

ur
e;

 b
ird

 li
ke

 fa
ce

;
se

ns
iti

vi
ty

 to
 th

e 
su

n
te

la
ng

ie
ct

as
ia

s

A
R

M
ut

at
io

n 
in

 B
LM

, a
 R

ec
Q

-li
ke

 h
el

ic
as

e

3.
 T

hy
m

ic
 d

ef
ec

ts
   

D
iG

eo
rg

e 
an

om
al

y
D

ec
re

as
ed

 o
r N

or
m

al
;

of
te

n 
pr

og
re

ss
iv

e
no

rm
al

iz
at

io
n

N
or

m
al

N
or

m
al

 o
r d

ec
re

as
ed

H
yp

op
ar

at
hy

ro
id

is
m

;
co

no
tru

nc
al

 h
ea

rt
de

fe
ct

s;
 a

bn
or

m
al

fa
ci

es
; i

nt
er

st
iti

al
de

le
tio

n 
of

 2
2q

11
-

pt
er

 (o
r 1

0p
) i

n 
so

m
e

pa
tie

nt
s

D
e 

no
vo

 d
ef

ec
t o

r
A

D
C

on
tig

uo
us

 g
en

e 
de

fe
ct

 in
 9

0%
 a

ff
ec

tin
g

th
ym

ic
 d

ev
el

op
m

en
t; 

m
ut

at
io

n 
in

tra
ns

cr
ip

tio
n 

fa
ct

or
TB

X1

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 10
D

is
ea

se
C

ir
cu

la
tin

g 
T

 c
el

ls
C

ir
cu

la
tin

g 
B

 c
el

ls
Se

ru
m

 Ig
A

ss
oc

ia
te

d 
fe

at
ur

es
In

he
ri

ta
nc

e
G

en
et

ic
 d

ef
ec

ts
/P

re
su

m
ed

 P
at

ho
ge

ne
si

s
4.

 Im
m

un
o-

os
se

ou
s d

ys
pl

as
ia

s
   

(a
) C

ar
til

ag
e 

ha
ir 

hy
po

pl
as

ia
D

ec
re

as
ed

 o
r N

or
m

al
*

N
or

m
al

N
or

m
al

 o
r r

ed
uc

ed
.

A
nt

ib
od

ie
s v

ar
ia

bl
y

de
cr

ea
se

d

Sh
or

t-l
im

be
d

dw
ar

fis
m

 w
ith

m
et

ap
hy

se
al

dy
so

st
os

is
; s

pa
rs

e
ha

ir;
 a

ne
m

ia
;

ne
ut

ro
pe

ni
a;

su
sc

ep
tib

ili
ty

 to
ly

m
ph

om
a 

an
d 

ot
he

r
ca

nc
er

s;
 im

pa
ire

d
sp

er
m

at
og

en
es

is
;

ne
ur

on
al

 d
ys

pl
as

ia
 o

f
th

e 
in

te
st

in
e

A
R

M
ut

at
io

n 
in

 R
M

RP
 (R

N
as

e 
M

R
P 

R
N

A
)

   
(b

) S
ch

im
ke

 sy
nd

ro
m

e
D

ec
re

as
ed

N
or

m
al

N
or

m
al

Sh
or

t s
ta

tu
re

;
sp

on
di

lo
ep

ip
hy

se
al

dy
sp

la
si

a;
in

tra
ut

er
in

e 
gr

ow
th

re
ta

rd
at

io
n;

ne
ph

ro
pa

th
y

A
R

M
ut

at
io

n 
in

 S
M

AR
C

AL
1

5.
 H

yp
er

-I
gE

 sy
nd

ro
m

es
   

(a
) J

ob
 S

yn
dr

om
e 

(a
ut

os
om

al
do

m
in

an
t H

IE
S)

N
or

m
al

N
or

m
al

El
ev

at
ed

 Ig
E

R
ec

ur
re

nt
 sk

in
 b

oi
ls

an
d 

pn
eu

m
on

ia
 o

fte
n

du
e 

to
St

ap
hy

lo
co

cc
us

au
re

us
;

pn
eu

m
oa

to
ce

le
s;

ec
ze

m
a,

 n
ai

l
ca

nd
id

ia
si

s;
di

st
in

ct
iv

e 
fa

ci
al

fe
at

ur
es

 (t
hi

ck
en

ed
sk

in
, b

ro
ad

 n
as

al
 ti

p)
;

fa
ilu

re
/d

el
ay

 o
f

sh
ed

di
ng

 p
rim

ar
y

te
et

h;
hy

pe
re

xt
en

si
bl

e
jo

in
ts

A
D

 , 
m

an
y 

de
no

vo
 m

ut
at

io
ns

M
ut

at
io

n 
in

 S
TA

T 
3

   
(b

) A
ut

os
om

al
 re

ce
ss

iv
e 

H
IE

S
w

ith
 m

yc
ob

ac
te

ria
l A

nd
 v

ira
l

in
fe

ct
io

ns

N
or

m
al

N
or

m
al

El
ev

at
ed

 Ig
E

Su
sc

ep
tib

ili
ty

 to
in

tra
ce

llu
la

r b
ac

te
ria

(M
yc

ob
ac

te
ria

,
Sa

lm
on

el
la

), 
fu

ng
i

an
d 

vi
ru

se
s;

 e
cz

em
a.

N
o 

sk
el

et
al

 o
r

co
nn

ec
tiv

e 
tis

su
e

ab
no

rm
al

iti
es

A
R

M
ut

at
io

n 
in

 T
YK

2,

  i
) C

N
S 

he
m

or
rh

ag
e,

fu
ng

al
, a

nd
 v

ira
l

in
fe

ct
io

ns

U
nk

no
w

n

(c
) A

ut
os

om
al

 re
ce

ss
iv

e 
H

IE
S 

w
ith

vi
ra

l i
nf

ec
tio

ns
 an

d 
C

N
S 

va
sc

ul
iti

s/
he

m
or

rh
ag

e

N
or

m
al

N
or

m
al

El
ev

at
ed

 Ig
E

Su
sc

ep
tib

ili
ty

 to
ba

ct
er

ia
l, 

vi
ra

l a
nd

fu
ng

al
 in

fe
ct

io
ns

;
ec

ze
m

a;
 v

as
cu

lit
is

;
C

N
S 

he
m

or
rh

ag
e.

 N
o

sk
el

et
al

 o
r c

on
ne

ct
iv

e
tis

su
e 

ab
no

rm
al

iti
es

A
R

U
nk

no
w

n

6.
 C

hr
on

ic
 m

uc
oc

ut
an

eo
us

ca
nd

id
ia

si
s

N
or

m
al

N
or

m
al

N
or

m
al

C
hr

on
ic

m
uc

oc
ut

an
eo

us
ca

nd
id

ia
si

s;
 im

pa
ire

d
de

la
ye

d-
ty

pe

A
D

, A
R

, s
po

ra
di

c
U

nk
no

w
n

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 11
D

is
ea

se
C

ir
cu

la
tin

g 
T

 c
el

ls
C

ir
cu

la
tin

g 
B

 c
el

ls
Se

ru
m

 Ig
A

ss
oc

ia
te

d 
fe

at
ur

es
In

he
ri

ta
nc

e
G

en
et

ic
 d

ef
ec

ts
/P

re
su

m
ed

 P
at

ho
ge

ne
si

s
hy

pe
rs

en
si

tiv
ity

 to
ca

nd
id

a 
an

tig
en

s;
au

to
im

m
un

ity
; n

o
ec

to
de

rm
al

 d
ys

pl
as

ia
7.

 H
ep

at
ic

 v
en

oo
cc

ul
us

iv
e 

di
se

as
e

w
ith

 im
m

un
od

ef
ic

ie
nc

y 
(V

O
D

I)
N

or
m

al
 (D

ec
re

as
ed

m
em

or
y 

T 
ce

lls
)

N
or

m
al

 (D
ec

re
as

ed
m

em
or

y 
B

 c
el

ls
)

D
ec

re
as

ed
 Ig

G
, I

gA
,

Ig
M

H
ep

at
ic

 v
en

o-
oc

cu
lu

si
ve

 d
is

ea
se

;
Pn

eu
m

oc
ys

tis
jir

ov
ec

i p
ne

um
on

ia
;

th
ro

m
bo

cy
to

pe
ni

a,
he

pa
to

sp
le

no
m

eg
al

y

A
R

M
ut

at
io

n 
in

 S
P1

10

8.
 H

oy
er

aa
l-H

re
id

ar
ss

on
 sy

nd
ro

m
e

Pr
og

re
ss

iv
e 

de
cr

ea
se

Pr
og

re
ss

iv
e 

de
cr

ea
se

V
ar

ia
bl

e
In

tra
ut

er
in

e 
gr

ow
th

re
ta

rd
at

io
n,

m
ic

ro
ce

ph
al

y,
di

ge
st

iv
e 

tra
ct

in
vo

lv
em

en
t,

pa
nc

yt
op

en
ia

,
re

du
ce

d 
nu

m
be

r a
nd

fu
nc

tio
n 

of
 N

K
 c

el
ls

X
L

M
ut

at
io

n 
in

 D
ys

ke
rin

* Pa
tie

nt
s w

ith
 c

ar
til

ag
e-

ha
ir 

hy
po

pl
as

ia
 c

an
 p

re
se

nt
 a

ls
o 

w
ith

 ty
pi

ca
l S

C
ID

 o
r w

ith
 O

m
en

n 
sy

nd
ro

m
e

H
IE

S:
 h

yp
er

-I
gE

 sy
nd

ro
m

e;
 C

N
S:

 c
en

tra
l n

er
vo

us
 sy

st
em

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 12
Ta

bl
e 

IV
D

is
ea

se
s o

f i
m

m
un

e 
D

ys
re

gu
la

to
n

D
is

ea
se

C
ir

cu
la

tin
g 

T
 C

el
ls

C
ir

cu
la

tin
g 

B
 c

el
ls

Se
ru

m
 Ig

A
ss

oc
ia

te
d 

Fe
at

ur
es

In
he

ri
ta

nc
e

G
en

et
ic

 d
ef

ec
ts

,
Pr

es
um

ed
Pa

th
og

en
es

is
1.

 Im
m

un
o-

de
fic

ie
nc

y 
w

ith
hy

po
pi

gm
en

ta
tio

n
(a

) C
he

di
ak

-H
ig

as
hi

 sy
nd

ro
m

e
N

or
m

al
N

or
m

al
N

or
m

al
Pa

rti
al

 a
lb

in
is

m
, g

ia
nt

ly
so

so
m

es
, l

ow
 N

K
 a

nd
C

TL
 a

ct
iv

iti
es

,
he

ig
ht

en
ed

 a
cu

te
-p

ha
se

re
ac

tio
n,

 e
nc

ep
ha

lo
pa

th
ic

ac
ce

le
ra

te
d 

ph
as

e

A
R

D
ef

ec
ts

 in
 L

YS
T,

im
pa

ire
d 

ly
so

so
m

al
tra

ff
ic

ki
ng

(b
) G

ris
ce

lli
 S

yn
dr

om
e,

 ty
pe

 2
N

or
m

al
N

or
m

al
N

or
m

al
Pa

rti
al

 a
lb

in
is

m
, l

ow
 N

K
an

d 
C

TL
 a

ct
iv

iti
es

,
he

ig
ht

en
ed

 a
cu

te
 p

ha
se

re
ac

tio
n,

 e
nc

ep
ha

lo
pa

th
y

in
 so

m
e 

pa
tie

nt
s

A
R

D
ef

ec
ts

 in
 R

AB
27

A
en

co
di

ng
 a

 G
TP

as
e 

in
se

cr
et

or
y 

ve
sc

ic
le

s

(c
) H

er
m

an
sk

y-
Pu

dl
ak

 sy
nd

ro
m

e,
ty

pe
 2

N
or

m
al

N
or

m
al

N
or

m
al

Pa
rti

al
 a

lb
in

is
m

,
ne

ut
ro

pe
ni

a,
 lo

w
 N

K
 a

nd
C

TL
 a

ct
iv

ity
, i

nc
re

as
ed

bl
ee

di
ng

A
R

M
ut

at
io

ns
 o

f A
P3

B
1

ge
ne

, e
nc

od
in

g 
fo

r t
he

 β
su

bu
ni

t o
f t

he
 A

P-
3

co
m

pl
ex

2.
 F

am
ili

al
 h

em
op

ha
go

cy
tic

ly
m

ph
oh

is
tio

cy
to

si
s (

FH
L

)
sy

nd
ro

m
es

(a
) P

er
fo

rin
 d

ef
ic

ie
nc

y
N

or
m

al
N

or
m

al
N

or
m

al
Se

ve
re

 in
fla

m
m

at
io

n,
fe

ve
r, 

de
cr

ea
se

d 
N

K
 a

nd
C

TL
 a

ct
iv

iti
es

A
R

D
ef

ec
ts

 in
 P

RF
1;

pe
rf

or
in

, a
 m

aj
or

cy
to

ly
tic

 p
ro

te
in

(b
) M

un
c 

13
-D

 d
ef

ic
ie

nc
y

N
or

m
al

N
or

m
al

N
or

m
al

Se
ve

re
 in

fla
m

m
at

io
n,

fe
ve

r, 
de

cr
ea

se
d 

N
K

 a
nd

C
TL

 a
ct

iv
iti

es

A
R

D
ef

ec
ts

 in
 M

U
N

C
13

D
re

qu
ire

d 
to

 p
rim

e
ve

sc
ic

le
s f

or
 fu

si
on

(c
) S

yn
ta

xi
n 

11
 d

ef
ic

ie
nc

y
N

or
m

al
N

or
m

al
N

or
m

al
Se

ve
re

 in
fla

m
m

at
io

n,
fe

ve
r, 

de
cr

ea
se

d 
N

K
 a

nd
C

TL
 a

ct
iv

iti
es

A
R

D
ef

ec
ts

 in
 S

TX
11

,
in

vo
lv

ed
 in

 v
es

ci
cl

e
tra

ff
ic

ki
ng

 a
nd

 fu
si

on
3.

 X
-li

nk
ed

 ly
m

ph
op

ro
lif

er
at

iv
e

sy
nd

ro
m

e 
(X

L
P)

(a
) X

LP
1

N
or

m
al

N
or

m
al

 o
r r

ed
uc

ed
N

or
m

al
 o

r l
ow

im
m

un
og

lo
bu

lin
s

C
lin

ic
al

 a
nd

 im
m

un
ol

og
ic

ab
no

rm
al

iti
es

 tr
ig

ge
re

d 
by

EB
V

 in
fe

ct
io

n,
 in

cl
ud

in
g

he
pa

tit
is

, a
pl

as
tic

an
ae

m
ia

, l
ym

ph
om

a

X
L

D
ef

ec
ts

 in
 S

H
2D

1A
en

co
di

ng
 a

n 
ad

ap
to

r
pr

ot
ei

n 
re

gu
la

tin
g

in
tra

ce
llu

la
r s

ig
na

ls

(b
) X

LP
2

N
or

m
al

N
or

m
al

 o
r r

ed
uc

ed
N

or
m

al
 o

r l
ow

im
m

un
og

lo
bu

lin
s

C
lin

ic
al

 a
nd

 im
m

un
ol

og
ic

ab
no

rm
al

iti
es

 tr
ig

ge
re

d 
by

EB
V

 in
fe

ct
io

n,
 in

cl
ud

in
g

sp
le

no
m

eg
al

y,
 h

ep
at

iti
s,

he
m

op
ha

go
cy

tic
sy

nd
ro

m
e,

 ly
m

ph
om

a

X
L

D
ef

ec
ts

 in
 X

IA
P

en
co

di
ng

 a
n 

in
hi

bi
to

r o
f

ap
op

to
si

s

4.
 S

yn
dr

om
es

 w
ith

au
to

im
m

un
ity

(a
) A

ut
oi

m
m

un
e

ly
m

ph
op

ro
lif

er
at

iv
e 

sy
nd

ro
m

e
(A

LP
S)

(i)
 C

D
95

 (F
as

) d
ef

ec
ts

, A
LP

S 
ty

pe
1a

In
cr

ea
se

d 
do

ub
le

-
ne

ga
tiv

e 
(C

D
4−

 C
D

8
−)

 T
 c

el
ls

N
or

m
al

N
or

m
al

 o
r i

nc
re

as
ed

Sp
le

no
m

eg
al

y,
ad

en
op

at
hy

, a
ut

oi
m

m
un

e
bl

oo
d 

cy
to

pe
ni

as
,

de
fe

ct
iv

e 
ly

m
ph

oc
yt

e
ap

op
to

si
s i

nc
re

as
ed

ly
m

ph
om

a 
ris

k

A
D

 (r
ar

e
se

ve
re

 A
R

ca
se

s)

D
ef

ec
ts

 in
 T

N
FR

SF
6,

ce
ll 

su
rf

ac
e 

ap
op

to
si

s
re

ce
pt

or
; i

n 
ad

di
tio

n 
to

ge
rm

lin
e 

m
ut

at
io

ns
,

so
m

at
ic

 m
ut

at
io

ns
 c

au
se

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 13
D

is
ea

se
C

ir
cu

la
tin

g 
T

 C
el

ls
C

ir
cu

la
tin

g 
B

 c
el

ls
Se

ru
m

 Ig
A

ss
oc

ia
te

d 
Fe

at
ur

es
In

he
ri

ta
nc

e
G

en
et

ic
 d

ef
ec

ts
,

Pr
es

um
ed

Pa
th

og
en

es
is

si
m

ila
r p

he
no

ty
pe

,
A

LP
S 

1a
 (s

om
at

ic
)

(ii
) C

D
95

L 
(F

as
 li

ga
nd

) d
ef

ec
ts

,
A

LP
S 

ty
pe

 1
b

In
cr

ea
se

d 
do

ub
le

-
ne

ga
tiv

e 
(C

D
4−

 C
D

8
−)

 T
 c

el
ls

N
or

m
al

N
or

m
al

Sp
le

no
m

eg
al

y,
ad

en
op

at
hy

, a
ut

oi
m

m
un

e
bl

oo
d 

cy
to

pe
ni

as
,

de
fe

ct
iv

e 
ly

m
ph

oc
yt

e
ap

op
to

si
s, 

lu
pu

s

A
D

A
R

D
ef

ec
ts

 in
 T

N
FS

F6
,

lig
an

d 
fo

r C
D

95
ap

op
to

si
s r

ec
ep

to
r

(ii
i) 

C
as

pa
se

 1
0 

de
fe

ct
s, 

A
LP

S
ty

pe
 2

a
In

cr
ea

se
d 

C
D

4−
 C

D
8

− 
T 

ce
lls

N
or

m
al

N
or

m
al

A
de

no
pa

th
y,

sp
le

no
m

eg
al

y,
au

to
im

m
un

e 
di

se
as

e,
de

fe
ct

iv
e 

ly
m

ph
oc

yt
e

ap
op

to
si

s

A
D

D
ef

ec
ts

 in
 C

AS
P1

0,
in

tra
ce

llu
la

r a
po

pt
os

is
pa

th
w

ay

(iv
) C

as
pa

se
 8

 d
ef

ec
ts

, A
LP

S 
ty

pe
2b

Sl
ig

ht
ly

 in
cr

ea
se

d
C

D
4−

 C
D

8−
 T

 c
el

ls
N

or
m

al
N

or
m

al
 o

r d
ec

re
as

ed
A

de
no

pa
th

y,
sp

le
no

m
eg

al
y,

 re
cu

rr
en

t
ba

ct
er

ia
l a

nd
 v

ira
l

in
fe

ct
io

ns
, d

ef
ec

tiv
e

ly
m

ph
oc

yt
e 

ap
op

to
si

s a
nd

ac
tiv

at
io

n;

A
D

D
ef

ec
ts

 in
 C

AS
P8

,
in

tra
ce

llu
la

r a
po

pt
os

is
an

d 
ac

tiv
at

io
n 

pa
th

w
ay

s

(v
) A

ct
iv

at
in

g 
N

-R
as

 d
ef

ec
t, 

N
-

R
as

 A
LP

S
In

cr
ea

se
d 

C
D

4−
 C

D
8

− 
T 

ce
lls

El
ev

at
io

n 
of

 C
D

5 
B

ce
lls

N
or

m
al

A
de

no
pa

th
y,

sp
le

no
m

eg
al

y,
 le

uk
em

ia
,

ly
m

ph
om

a,
 d

ef
ec

tiv
e

ly
m

ph
oc

yt
e 

ap
op

to
si

s
fo

llo
w

in
g 

IL
-2

w
ith

dr
aw

al

A
D

D
ef

ec
t i

n 
N

RA
S

en
co

di
ng

 a
 G

TP
 b

in
di

ng
pr

ot
ei

n 
w

ith
 d

iv
er

se
si

gn
al

in
g 

fu
nc

tio
ns

,
ac

tiv
at

in
g 

m
ut

at
io

ns
im

pa
ir 

m
ito

ch
on

dr
ia

l
ap

op
to

si
s

(b
) A

PE
C

ED
, a

ut
oi

m
m

un
e

po
ly

en
do

cr
in

op
at

hy
 w

ith
ca

nd
id

ia
si

s a
nd

 e
ct

od
er

m
al

dy
st

ro
ph

y

El
ev

at
ed

 C
D

4+
 c

el
ls

N
or

m
al

N
or

m
al

A
ut

oi
m

m
un

e 
di

se
as

e,
pa

rti
cu

la
rly

 o
f

pa
ra

th
yr

oi
d,

 a
dr

en
al

 a
nd

ot
he

r e
nd

oc
rin

e 
or

ga
ns

pl
us

 c
an

di
di

as
is

, d
en

ta
l

en
am

el
 h

yp
op

la
si

a 
an

d
ot

he
r a

bn
or

m
al

iti
es

A
R

D
ef

ec
ts

 in
 A

IR
E,

en
co

di
ng

 a
 tr

an
sc

rip
tio

n
re

gu
la

to
r n

ee
de

d 
to

es
ta

bl
is

h 
th

ym
ic

 se
lf-

to
le

ra
nc

e

(c
) I

PE
X

, i
m

m
un

e 
dy

sr
eg

ul
at

io
n,

po
ly

en
do

cr
in

op
at

hy
, e

nt
er

op
at

hy
(X

-li
nk

ed
)

La
ck

 o
f C

D
4+

 C
D

25
+

FO
X

P3
+ 

re
gu

la
to

ry
 T

ce
lls

N
or

m
al

El
ev

at
ed

 Ig
A

, I
gE

A
ut

oi
m

m
un

e 
di

ar
rh

ea
,

ea
rly

 o
ns

et
 d

ia
be

te
s,

th
yr

oi
di

tis
, h

em
ol

yt
ic

an
em

ia
,

th
ro

m
bo

cy
to

pe
ni

a,
ec

ze
m

a

X
L

D
ef

ec
ts

 in
 F

O
XP

3,
en

co
di

ng
 a

 T
 c

el
l

tra
ns

cr
ip

tio
n 

fa
ct

or

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 14
Ta

bl
e 

V
C

on
ge

ni
ta

l d
ef

ec
ts

 o
f p

ha
go

cy
te

 n
um

be
r, 

fu
nc

tio
n,

 o
r b

ot
h

D
is

ea
se

A
ffe

ct
ed

 c
el

ls
A

ffe
ct

ed
 fu

nc
tio

n
A

ss
oc

ia
te

d 
fe

at
ur

es
In

he
ri

ta
nc

e
G

en
e 

de
fe

ct
s-

pr
es

um
ed

 p
at

ho
ge

ne
si

s

1.
–3

.
Se

ve
re

 c
on

ge
ni

ta
l n

eu
tro

pe
ni

as
N

M
ye

lo
id

 D
iff

er
en

tia
tio

n
Su

bg
ro

up
 w

ith
 m

ye
lo

dy
sp

la
si

a
A

D
EL

A2
: m

is
tra

ff
ic

ki
ng

 o
f e

la
st

as
e

N
M

ye
lo

id
 D

iff
er

en
tia

tio
n

B
/T

 ly
m

ph
op

en
ia

A
D

G
FI

1:
 re

pr
es

si
on

 o
f e

la
st

as
e

N
M

ye
lo

id
 D

iff
er

en
tia

tio
n

G
-C

SF
 re

fr
ac

to
ry

 n
eu

tro
pe

ni
a

A
D

G
-C

SF
R

4.
K

os
tm

an
n 

D
is

ea
se

N
M

ye
lo

id
 D

iff
er

en
tia

tio
n

A
R

H
A

X
1:

co
nt

ro
l o

f a
po

pt
os

is
5.

C
yc

lic
 n

eu
tro

pe
ni

a
N

?
O

sc
ill

at
io

ns
 o

f o
th

er
 le

uk
oc

yt
es

 a
nd

pl
at

el
et

s
A

D
EL

A2
: m

is
tra

ff
ic

ki
ng

 o
f e

la
st

as
e

6.
X

-li
nk

ed
 n

eu
tro

pe
ni

a/
m

ye
lo

dy
sp

la
si

a
N

 +
 M

?
M

on
oc

yt
op

en
ia

X
L

W
AS

P:
 R

eg
ul

at
or

 o
f a

ct
in

 c
yt

os
ke

le
to

n
(lo

ss
 o

f a
ut

oi
nh

ib
iti

on
)

7.
P1

4 
de

fic
ie

nc
y

N
+L

En
do

so
m

e 
bi

og
en

es
is

N
eu

tro
pe

ni
a

A
R

M
AP

BP
IP

: E
nd

os
om

al
 a

da
pt

or
 p

ro
te

in
14

M
el

H
yp

og
am

m
ag

lo
bu

lin
em

ia
↓C

D
8 

cy
to

to
xi

ci
ty

Pa
rti

al
 a

lb
in

is
m

G
ro

w
th

 fa
ilu

re
8.

Le
uk

oc
yt

e 
ad

he
si

on
 d

ef
ic

ie
nc

y
N

 +
 M

A
dh

er
en

ce
D

el
ay

ed
 c

or
d 

se
pa

ra
tio

n 
Sk

in
 u

lc
er

s
A

R
IN

TG
B2

: A
dh

es
io

n 
pr

ot
ei

n
ty

pe
 1

L 
+ 

N
K

C
he

m
ot

ax
is

Pe
rio

do
nt

iti
s

En
do

cy
to

si
s

Le
uk

oc
yt

os
is

T/
N

K
 c

yt
ot

ox
ic

ity
9.

Le
uk

oc
yt

e 
ad

he
si

on
 d

ef
ic

ie
nc

y
N

 +
 M

R
ol

lin
g

LA
D

 ty
pe

 1
 fe

at
ur

es
A

R
FU

C
T1

 G
D

P-
Fu

co
se

 tr
an

sp
or

te
r

ty
pe

 2
C

he
m

ot
ax

is
pl

us
 h

h-
bl

oo
d 

gr
ou

p 
an

d 
m

en
ta

l r
et

ar
da

tio
n

10
.

Le
uk

oc
yt

e 
ad

he
si

on
 d

ef
ic

ie
nc

y
N

 +
 M

A
dh

er
en

ce
LA

D
 ty

pe
 1

 p
lu

s b
le

ed
in

g 
te

nd
en

cy
A

R
C

al
 D

A
G

-G
EF

I:
ty

pe
 3

L 
+ 

N
K

de
fe

ct
iv

e 
R

ap
1-

ac
tiv

at
io

n 
of

 β
1–

3
in

te
gr

in
s

11
.

R
ac

 2
 d

ef
ic

ie
nc

y
N

A
dh

er
en

ce
Po

or
 w

ou
nd

 h
ea

lin
g

A
D

RA
C

2:
 R

eg
ul

at
io

n 
of

 ac
tin

 cy
to

sk
el

et
on

C
he

m
ot

ax
is

Le
uk

oc
yt

os
is

O
2−  p

ro
du

ct
io

n
12

.
β-

ac
tin

 d
ef

ic
ie

nc
y

N
 +

 M
M

ot
ili

ty
M

en
ta

l r
et

ar
da

tio
n

A
D

AC
TB

: C
yt

op
la

sm
ic

 A
ct

in
Sh

or
t s

ta
tu

re
13

.
Lo

ca
liz

ed
 ju

ve
ni

le
 P

er
io

do
nt

iti
s

N
Fo

rm
yl

pe
pt

id
e 

in
du

ce
d 

ch
em

ot
ax

is
Pe

rio
do

nt
iti

s o
nl

y
A

R
FP

R1
: C

he
m

ok
in

e 
re

ce
pt

or
14

.
Pa

pi
llo

n-
Le

fè
vr

e 
Sy

nd
ro

m
e

N
 +

 M
C

he
m

ot
ax

is
Pe

rio
do

nt
iti

s, 
Pa

lm
op

la
nt

ar
 h

yp
er

ke
ra

to
si

s
A

R
C

TS
C

: C
at

he
ps

in
 C

 a
ct

iv
at

io
n 

of
 se

rin
e

pr
ot

ea
se

s
15

.
Sp

ec
ifi

c 
gr

an
ul

e 
de

fic
ie

nc
y

N
C

he
m

ot
ax

is
N

 w
ith

 b
ilo

be
d 

nu
cl

ei
A

R
C

/E
BP

E:
 m

ye
lo

id
 tr

an
sc

rip
tio

n 
fa

ct
or

16
.

Sh
w

ac
hm

an
-D

ia
m

on
d 

Sy
nd

ro
m

e
N

C
he

m
ot

ax
is

Pa
nc

yt
op

en
ia

, e
xo

cr
in

e 
pa

nc
re

at
ic

in
su

ff
ic

ie
nc

y 
C

ho
nd

ro
dy

sp
la

si
a

A
R

SB
D

S

17
.

X
-li

nk
ed

 c
hr

on
ic

 g
ra

nu
lo

m
at

ou
s

di
se

as
e 

(C
G

D
)

N
 +

 M
K

ill
in

g 
(f

au
lty

 O
2−

 p
ro

du
ct

io
n)

Su
bg

ro
up

: M
cL

eo
d 

ph
en

ot
yp

e
X

L
C

YB
B:

 E
le

ct
ro

n 
tra

ns
po

rt 
pr

ot
ei

n
(g

p9
1p

ho
x)

18
.–

20
.

A
ut

os
om

al
 C

G
D

’s
N

 +
 M

K
ill

in
g 

(f
au

lty
 O

2−
 p

ro
du

ct
io

n)
A

R
C

YB
A:

 E
le

ct
ro

n 
tra

ns
po

rt 
pr

ot
ei

n
(p

22
ph

ox
)

N
C

F1
: A

da
pt

er
 p

ro
te

in
 (p

47
ph

ox
)

N
C

F2
: A

ct
iv

at
in

g 
pr

ot
ei

n 
(p

67
ph

ox
)

21
.

N
eu

tro
ph

il 
G

-6
PD

 d
ef

ic
ie

nc
y

N
 +

 M
K

ill
in

g 
(f

au
lty

 O
2 
−  p

ro
du

ct
io

n)
H

em
ol

yt
ic

 a
ne

m
ia

X
L

G
-6

PD
: N

A
D

PH
 g

en
er

at
io

n
22

.
IL

-1
2 

an
d 

IL
-2

3 
re

ce
pt

or
 β

1 
ch

ai
n

de
fic

ie
nc

y
L 

+ 
N

K
IF

N
-γ

 se
cr

et
io

n
Su

sc
ep

tib
ili

ty
 to

 M
yc

ob
ac

te
ri

a 
an

d
Sa

lm
on

el
la

A
R

IL
-1

2R
β1

: I
L-

12
 a

nd
 IL

-2
3 

re
ce

pt
or

 β
1

ch
ai

n
23

.
IL

-1
2p

40
 d

ef
ic

ie
nc

y
M

IF
N

-γ
 se

cr
et

io
n

Su
sc

ep
tib

ili
ty

 to
 M

yc
ob

ac
te

ri
a 

an
d

Sa
lm

on
el

la
A

R
IL

-1
2p

40
 su

bu
ni

t o
f I

L1
2/

IL
23

: I
L1

2/
IL

23
 p

ro
du

ct
io

n
24

.
IF

N
-γ

 re
ce

pt
or

 1
 d

ef
ic

ie
nc

y
M

 +
 L

IF
N

-γ
 b

in
di

ng
 a

nd
 si

gn
al

in
g

Su
sc

ep
tib

ili
ty

 to
 M

yc
ob

ac
te

ri
a 

an
d

Sa
lm

on
el

la
A

R
, A

D
IF

N
-γ

R1
: I

FN
-γ

R
 b

in
di

ng
 c

ha
in

25
.

IF
N

-γ
 re

ce
pt

or
 2

 d
ef

ic
ie

nc
y

M
 +

 L
IF

N
-γ

 si
gn

al
in

g
Su

sc
ep

tib
ili

ty
 to

 M
yc

ob
ac

te
ri

a 
an

d
Sa

lm
on

el
la

A
R

IF
N

-γ
R2

: I
FN

-γ
R

 si
gn

al
in

g 
ch

ai
n

26
.

ST
A

T1
 d

ef
ic

ie
nc

y 
(2

 fo
rm

s)
M

 +
 L

IF
N

 α
/β

/γ
 si

gn
al

in
g

Su
sc

ep
tib

ili
ty

 to
 M

yc
ob

ac
te

ri
a,

Sa
lm

on
el

la
 a

nd
 v

ir
us

es
A

R
ST

A
T1

IF
N

-γ
 si

gn
al

in
g

Su
sc

ep
tib

ili
ty

 to
 M

yc
ob

ac
te

ri
a 

an
d

Sa
lm

on
el

la
A

D
ST

A
T1

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 15
D

is
ea

se
A

ffe
ct

ed
 c

el
ls

A
ffe

ct
ed

 fu
nc

tio
n

A
ss

oc
ia

te
d 

fe
at

ur
es

In
he

ri
ta

nc
e

G
en

e 
de

fe
ct

s-
pr

es
um

ed
 p

at
ho

ge
ne

si
s

AD
, I

nh
er

ite
d 

fo
rm

 o
f I

FN
-R
γ1

 d
ef

ic
ie

nc
y 

or
 o

f S
TA

T1
 d

ef
ic

ie
nc

y 
is

 d
ue

 to
 d

om
in

an
t n

eg
at

iv
e 

m
ut

at
io

ns
; X

L,
 X

-li
nk

ed
 in

he
rit

an
ce

; A
R,

 a
ut

os
om

al
 re

ce
ss

iv
e 

in
he

rit
an

ce
; N

, n
eu

tro
ph

ils
; M

, m
on

oc
yt

es
-

m
ac

ro
ph

ag
es

; L
, l

ym
ph

oc
yt

es
; N

K
, n

at
ur

al
 k

ill
er

 c
el

ls
; M

el
, m

el
an

oc
yt

es
; S

TA
T1

, s
ig

na
l t

ra
ns

du
ce

r a
nd

 a
ct

iv
at

or
 o

f t
ra

ns
cr

ip
tio

n 
1.

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 16
Ta

bl
e 

VI
D

ef
ec

ts
 in

 In
na

te
 Im

m
un

ity
D

is
ea

se
A

ffe
ct

ed
 C

el
l

Fu
nc

tio
na

l D
ef

ec
t

A
ss

oc
ia

te
d 

Fe
at

ur
es

In
he

ri
ta

nc
e

G
en

e 
D

ef
ec

t/P
re

su
m

ed
 p

at
ho

ge
ne

si
s

A
nh

id
ro

tic
 e

ct
od

er
m

al
 d

ys
pl

as
ia

w
ith

 im
m

un
od

ef
ic

ie
nc

y 
(E

D
A

-
ID

)

Ly
m

ph
oc

yt
es

 +
 M

on
oc

yt
es

N
Fκ

B
 si

gn
al

lin
g 

pa
th

w
ay

an
hi

dr
ot

ic
 e

ct
od

er
m

al
dy

sp
la

si
a 

+ 
sp

ec
ifi

c 
an

tib
od

y
de

fic
ie

nc
y 

(la
ck

 o
f A

b
re

sp
on

se
 to

 p
ol

ys
ac

ch
ar

id
es

)
va

rio
us

 in
fe

ct
io

ns
(m

yc
ob

ac
te

ria
 a

nd
 p

yo
ge

ns
)

X
R

M
ut

at
io

ns
 o

f N
EM

O
 (I

K
BK

G
), 

a
m

od
ul

at
or

 o
f N

F-
κB

 a
ct

iv
at

io
n

A
nh

id
ro

tic
 e

ct
od

er
m

al
 d

ys
pl

as
ia

w
ith

 im
m

un
od

ef
ic

ie
nc

y 
(E

D
A

-
ID

)

Ly
m

ph
oc

yt
es

 +
 M

on
oc

yt
es

N
Fκ

B
 si

gn
al

lin
g 

pa
th

w
ay

an
hi

dr
ot

ic
 e

ct
od

er
m

al
dy

sp
la

si
a 

+ 
T 

ce
ll 

de
fe

ct
 +

va
rio

us
 in

fe
ct

io
ns

A
D

G
ai

n-
of

-f
un

ct
io

n 
m

ut
at

io
n 

of
 IK

BA
,

re
su

lti
ng

 in
 im

pa
ire

d 
ac

tiv
at

io
n 

of
 N

F-
κB

In
te

rle
uk

in
-1

 R
ec

ep
to

r
A

ss
oc

ia
te

d 
ki

na
se

 4
 (I

R
A

K
4)

de
fic

ie
nc

y

Ly
m

ph
oc

yt
es

 +
 M

on
oc

yt
es

TI
R

-I
R

A
K

 si
gn

al
lin

g 
pa

tw
ha

y
B

ac
te

ria
l i

nf
ec

tio
ns

 (p
yo

ge
ns

)
A

R
M

ut
at

io
n 

of
 IR

AK
4,

 a
 c

om
po

ne
nt

 o
f

TL
R

-s
ig

na
lin

g 
pa

th
w

ay

W
H

IM
 (W

ar
ts

,
H

yp
og

am
m

ag
lo

bu
lin

em
ia

in
fe

ct
io

ns
,M

ye
lo

ka
th

ex
is

)
sy

nd
ro

m
e

G
ra

nu
lo

cy
te

s +
 L

ym
ph

oc
yt

es
In

cr
ea

se
d 

re
sp

on
se

 o
f t

he
C

X
C

R
4 

ch
em

ok
in

e r
ec

ep
to

r t
o

its
 li

ga
nd

 C
X

C
L1

2 
(S

D
F-

1)

H
yp

og
am

m
ag

lo
bu

lin
em

ia
,

re
du

ce
d 

B
 c

el
l n

um
be

r, 
se

ve
re

re
du

ct
io

n 
of

 n
eu

tro
ph

il 
co

un
t,

w
ar

ts
/H

PV
 in

fe
ct

io
n

A
D

G
ai

n-
of

-f
un

ct
io

n 
m

ut
at

io
ns

 o
f

C
XC

R4
, t

he
 re

ce
pt

or
 fo

r C
X

C
L1

2

Ep
id

er
m

od
ys

pl
as

ia
 v

er
ru

ci
fo

rm
is

K
er

at
in

oc
yt

es
 a

nd
 le

uk
oc

yt
es

?
H

um
an

 P
ap

ill
om

a 
vi

ru
s

(g
ro

up
 B

1)
 in

fe
ct

io
ns

 a
nd

ca
nc

er
 o

f t
he

 sk
in

A
R

M
ut

at
io

ns
 o

f E
VE

R1
, E

VE
R2

H
er

pe
s s

im
pl

ex
 e

nc
ep

ha
lit

is
(H

SE
)

C
en

tra
l n

er
vo

us
 sy

st
em

re
si

de
nt

 c
el

ls
, e

pi
th

el
ia

l c
el

ls
an

d 
le

uk
oc

yt
es

U
N

C
-9

3B
-d

ep
en

de
nt

 IF
N

-α
, -

β,
 a

nd
 –
γ 

in
du

ct
io

n
H

er
pe

s s
im

pl
ex

 v
iru

s 1
en

ce
ph

al
iti

s a
nd

 m
en

in
gi

tis
A

R
M

ut
at

io
ns

 o
f U

N
C

93
B1

H
er

pe
s s

im
pl

ex
 e

nc
ep

ha
lit

is
(H

SE
)

C
en

tra
l n

er
vo

us
 sy

st
em

re
si

de
nt

 c
el

ls
, e

pi
th

el
ia

l c
el

ls
,

de
nd

rit
ic

 c
el

ls
, c

yt
ot

ox
ic

ly
m

ph
oc

yt
es

TL
R

3-
de

pe
nd

en
t I

FN
-α

, -
β,

an
d 

–γ
 in

du
ct

io
n

H
er

pe
s s

im
pl

ex
 v

iru
s 1

en
ce

ph
al

iti
s a

nd
 m

en
in

gi
tis

A
D

M
ut

at
io

ns
 o

f T
LR

3

N
F-
κB

: n
uc

le
ar

 fa
ct

or
 K

ap
pa

 B
; T

IR
: T

ol
l a

nd
 In

te
rle

uk
in

 1
 R

ec
ep

to
r; 

H
PV

: h
um

an
 p

ap
ill

om
a 

vi
ru

s;
 T

LR
: T

ol
l-l

ik
e 

re
ce

pt
or

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 17
Ta

bl
e 

VI
I

A
ut

oi
nf

la
m

m
at

or
y 

D
is

or
de

rs
D

is
ea

se
A

ffe
ct

ed
 c

el
ls

Fu
nc

tio
na

l d
ef

ec
ts

A
ss

oc
ia

te
d 

Fe
at

ur
es

In
he

ri
ta

nc
e

G
en

e 
de

fe
ct

s
Fa

m
ili

al
 M

ed
ite

rr
an

ea
n 

Fe
ve

r
M

at
ur

e 
gr

an
ul

oc
yt

es
,

cy
to

ki
ne

-a
ct

iv
at

ed
m

on
oc

yt
es

.

D
ec

re
as

ed
 p

ro
du

ct
io

n 
of

 p
yr

in
pe

rm
its

 A
SC

-in
du

ce
d 

IL
-1

pr
oc

es
si

ng
 a

nd
 in

fla
m

m
at

io
n

fo
llo

w
in

g 
su

bc
lin

ic
al

 se
ro

sa
l

in
ju

ry
; m

ac
ro

ph
ag

e 
ap

op
to

si
s

de
cr

ea
se

d.

R
ec

ur
re

nt
 fe

ve
r, 

se
ro

si
tis

 a
nd

in
fla

m
m

at
io

n 
re

sp
on

si
ve

 to
co

lc
hi

ci
ne

. P
re

di
so

po
se

s t
o

va
sc

ul
iti

s a
nd

 in
fla

m
m

at
or

y 
bo

w
el

di
se

as
e.

A
R

M
ut

at
io

ns
 o

f M
EF

V

TN
F 

re
ce

pt
or

-a
ss

oc
ia

te
d 

pe
rio

di
c

sy
nd

ro
m

e 
(T

R
A

PS
)

PM
N

s, 
m

on
oc

yt
es

M
ut

at
io

ns
 o

f 5
5-

kD
 T

N
F

re
ce

pt
or

 le
ad

in
g 

to
 in

tra
ce

llu
la

r
re

ce
pt

or
 re

te
nt

io
n 

or
 d

im
in

is
he

d
so

lu
bl

e 
cy

to
ki

ne
 re

ce
pt

or
av

ai
la

bl
e 

to
 b

in
d 

TN
F

R
ec

ur
re

nt
 fe

ve
r, 

se
ro

si
tis

, r
as

h,
 an

d
oc

ul
ar

 o
r j

oi
nt

 in
fla

m
m

at
io

n
A

D
M

ut
at

io
ns

 o
f T

N
FR

SF
1A

H
yp

er
 Ig

D
 sy

nd
ro

m
e

M
ev

al
on

at
e 

ki
na

se
 d

ef
ic

ie
nc

y
af

fe
ct

in
g 

ch
ol

es
te

ro
l s

yn
th

es
is

;
pa

th
og

en
es

is
 o

f d
is

ea
se

 u
nc

le
ar

Pe
rio

di
c 

fe
ve

r a
nd

 le
uk

oc
yt

os
is

w
ith

 h
ig

h 
Ig

D
 le

ve
ls

A
R

M
ut

at
io

ns
 o

f M
VK

M
uc

kl
e-

W
el

ls
 sy

nd
ro

m
e*

PM
N

s, 
m

on
oc

yt
es

D
ef

ec
t i

n 
cr

yo
py

rin
, i

nv
ol

ve
d 

in
le

uk
oc

yt
e 

ap
op

to
si

s a
nd

 N
Fk

B
si

gn
al

lin
g 

an
d 

IL
-1

 p
ro

ce
ss

in
g

U
rti

ca
ria

, S
N

H
L,

 a
m

yl
oi

do
si

s.
R

es
po

ns
iv

e 
to

 IL
-1

R
/a

nt
ag

on
is

t
(A

na
ki

nr
a)

A
D

M
ut

at
io

ns
 o

f C
IA

S1
 (a

ls
o

ca
lle

d 
PY

PA
F1

 o
r N

A
LP

3)

Fa
m

ili
al

 C
ol

d 
au

to
in

fla
m

m
at

or
y

sy
nd

ro
m

e*
PM

N
s, 

ch
on

dr
oc

yt
es

sa
m

e 
as

 a
bo

ve
N

on
-p

ru
rit

ic
 u

rti
ca

ria
, a

rth
rit

is
,

ch
ill

s, 
fe

ve
r a

nd
 le

uk
oc

yt
os

is
 a

fte
r

co
ld

 e
xp

os
ur

e.
 R

es
po

ns
iv

e 
to

IL
-1

R
/a

nt
ag

on
is

t (
A

na
ki

nr
a)

A
D

M
ut

at
io

ns
 o

f C
IA

S1

N
eo

na
ta

l o
ns

et
 m

ul
tis

ys
te

m
in

fla
m

m
at

or
y 

di
se

as
e 

(N
O

M
ID

) o
r

ch
ro

ni
c 

in
fa

nt
ile

 n
eu

ro
lo

gi
c

cu
ta

ne
ou

s a
nd

 a
rti

cu
la

r s
yn

dr
om

e
(C

IN
C

A
)*

PM
N

s, 
ch

on
dr

oc
yt

es
sa

m
e 

as
 a

bo
ve

N
eo

na
ta

l o
ns

et
 ra

sh
, c

hr
on

ic
m

en
in

gi
tis

, a
nd

 a
rth

ro
pa

th
y 

w
ith

fe
ve

r a
nd

 in
fla

m
m

at
io

n 
re

sp
on

si
ve

to
 IL

-1
R

 a
nt

ag
on

is
t (

A
na

ki
nr

a)

A
D

M
ut

at
io

ns
 o

f C
IA

S1

Py
og

en
ic

 st
er

ile
 a

rth
rit

is
, p

yo
de

rm
a

ga
ng

re
no

su
m

, a
cn

e 
(P

A
PA

)
sy

nd
ro

m
e

he
m

at
op

oi
et

ic
 ti

ss
ue

s,
up

re
gu

la
te

d 
in

 a
ct

iv
at

ed
T-

ce
lls

D
is

or
de

re
d 

ac
tin

 re
or

ga
ni

za
tio

n
le

ad
in

g 
to

 c
om

pr
om

is
ed

ph
ys

io
lo

gi
c 

si
gn

al
in

g 
du

rin
g

in
fla

m
m

at
or

y 
re

sp
on

se

D
es

tru
ct

iv
e 

ar
th

rit
is

, i
nf

la
m

m
at

or
y

sk
in

 ra
sh

, m
yo

si
tis

A
D

M
ut

at
io

ns
 o

f P
ST

PI
P1

 (a
ls

o
ca

lle
d 

C
2B

P1
)

B
la

u 
sy

nd
ro

m
e

M
on

oc
yt

es
M

ut
at

io
ns

 in
 n

uc
le

ot
id

e 
bi

nd
in

g
si

te
 o

f C
A

R
D

15
, p

os
si

bl
y

di
sr

up
tin

g 
in

te
ra

ct
io

ns
 w

ith
lip

op
ol

ys
ac

ch
ar

id
es

 a
nd

 N
F-
κB

si
gn

al
in

g

U
ve

iti
s, 

gr
an

ul
om

at
ou

s s
yn

ov
iti

s,
ca

m
pt

od
ac

ty
ly

, r
as

h 
an

d 
cr

an
ia

l
ne

ur
op

at
hi

es
, 3

0%
 d

ev
el

op
 C

ro
hn

's
di

se
as

e

A
D

M
ut

at
io

ns
 o

f N
O

D
2 

(a
ls

o
ca

lle
d 

C
A

R
D

15
)

C
hr

on
ic

 re
cu

rr
en

t m
ul

tif
oc

al
os

te
om

ye
lit

is
 a

nd
 c

on
ge

ni
ta

l
dy

se
ry

th
ro

po
ie

tic
 a

ne
m

ia
 (M

aj
ee

d
sy

nd
ro

m
e)

N
eu

tro
ph

ils
, b

on
e

m
ar

ro
w

 c
el

ls
U

nd
ef

in
ed

C
hr

on
ic

 re
cu

rr
en

t m
ul

tif
oc

al
os

te
om

ye
lit

is
, t

ra
ns

fu
si

on
-

de
pe

nd
en

t a
ne

m
ia

, c
ut

an
eo

us
in

fla
m

m
at

or
y 

di
so

rd
er

s

A
R

M
ut

at
io

ns
 o

f L
PI

N
2

* A
ll 

th
re

e 
sy

nd
ro

m
es

 a
ss

oc
ia

te
d 

w
ith

 si
m

ila
r C

IA
S1

 m
ut

at
io

ns
; d

is
ea

se
 p

he
no

ty
pe

 in
 a

ny
 in

di
vi

du
al

 a
pp

ea
rs

 to
 d

ep
en

d 
on

 m
od

ify
in

g 
ef

fe
ct

s o
f o

th
er

 g
en

es
 a

nd
 e

nv
iro

nm
en

ta
l f

ac
to

rs
.

A
bb

re
vi

at
io

ns
: A

s f
or

 T
ab

le
 1

; N
, n

eu
tro

ph
ils

; M
, m

on
oc

yt
es

/m
ac

ro
ph

ag
es

; L
, l

ym
ph

oc
yt

es
; N

K
, n

at
ur

al
 k

ill
er

 c
el

ls
; A

D
, a

ut
os

om
al

 d
om

in
an

t i
nh

er
ita

nc
e.

 A
SC

, a
po

pt
os

is
-a

so
ca

te
d 

sp
ec

k-
lik

e 
pr

ot
ei

n
w

ith
 a

 c
as

pa
se

 re
cr

ui
tm

en
t d

om
ai

n;
 C

A
R

D
, c

as
pa

se
 re

cr
ui

tm
en

t d
om

ai
n;

 C
D

2B
P1

, C
D

2 
bi

nd
in

g 
pr

ot
ei

n-
1;

 P
ST

PI
P1

, P
ro

lin
e/

se
rin

e/
th

re
on

in
e 

ph
os

ph
at

as
e-

in
te

ra
ct

in
g 

pr
ot

ei
n 

1;
 S

N
H

L 
- s

en
so

rin
eu

ra
l

he
ar

in
g 

lo
ss

;C
IA

S1
- c

ol
d-

in
du

ce
d 

au
to

in
fla

m
m

at
or

y 
sy

nd
ro

m
e 

1

J Allergy Clin Immunol. Author manuscript; available in PMC 2008 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Geha et al. Page 18

Table VIII
Complement deficiencies

Disease Functional Defect Associated Features Inheritance Gene Defects
C1q deficiency -Absent C hemolytic activity,

Defective MAC *
-Faulty dissolution of immune
complexes
-Faulty clearance of apoptotic cells

SLE–like syndrome,
rheumatoid disease, infections

AR C1q

C1r deficiency* -Absent C hemolytic activity,
Defective MAC
-Faulty dissolution of immune
complexes

SLE–like syndrome,
rheumatoid disease, infections

AR C1r*

C1s deficiency -Absent C hemolytic activity SLE-like syndrome; multiple
autoimmune diseases

AR C1s*

C4 deficiency -Absent C hemolytic activity,
Defective MAC
-Faulty dissolution of immune
complexes
-Defective humoral immune
response

SLE–like syndrome,
rheumatoid disease, infections

AR C4A and C4B§

C2 deficiency ** -Absent C hemolytic activity,
Defective MAC
-Faulty dissolution of immune
complexes

SLE–like syndrome, vasculitis,
polymyositis, pyogenic
infections

AR C2**

C3 deficiency -Absent C hemolytic activity,
Defective MAC
-Defective Bactericidal activity
-Defective humoral immune
response

Recurrent pyogenic infections AR C3

C5 deficiency -Absent C hemolytic activity,
Defective MAC
-Defective Bactericidal activity

Neisserial infections, SLE AR C5

C6 deficiency -Absent C hemolytic activity,
Defective MAC
-Defective Bactericidal activity

Neisserial infections, SLE AR C6

C7 deficiency -Absent C hemolytic activity,
Defective MAC
-Defective Bactericidal activity

Neisserial infections, SLE,
vasculitis

AR C7

C8a deficiency *** -Absent C hemolytic activity,
Defective MAC
-Defective Bactericidal activity

Neisserial infections, SLE AR C8α

C8b deficiency -Absent C hemolytic activity,
Defective MAC
-Defective Bactericidal activity

Neisserial infections, SLE AR C8β

C9 deficiency -Reduced C hemolytic activity,
Defective MAC
-Defective Bactericidal activity

Neisserial infections**** AR C9

C1 inhibitor deficiency -Spontaneous activation of the
complement pathway with
consumption of C4/C2
-Spontaneous activation of the
contact system with generation of
bradykinin from high molecular
weight kininogen

Hereditary angioedema AD C1 inhibitor

Factor I deficiency -Spontaneous activation of the
alternative complement pathway
with consumption of C3

Recurrent pyogenic infections,
glomerulonephritis,
hemolytic-uremic syndrome

AR Factor I

Factor H deficiency -Spontaneous activation of the
alternative complement pathway
with consumption of C3

Hemolytic-uremic syndrome,
membranoproliferative
glomerulonephritis

AR Factor H

Factor D deficiency -Absent hemolytic activity by the
alternate pathway

Neisserial infection AR Factor D

Properdin deficiency -Absent hemolytic activity by the
alternate pathway

Neisserial infection XL Properdin

MBP deficiency ***** -Defective mannose recognition
-Defective hemolytic activity by
the lectin pathway.

Pyogenic infections with very
low penetrance mostly
asymptamatic

AR MBP *****

MASP2 deficiency****** -Absent hemolytic activity by the
lectin pathway

SLE syndrome, pyogenic
infection

AR MASP2

Complement Receptor 3 (CR3)
deficiency

-see LAD1 in Table V, above AR INTGB2

Membrane Cofactor Protein (CD46)
deficiency

-Inhibitor of complement alternate
pathway, decreased C3b binding

Glomerulonephritis, atypical
hemolytic uremic syndrome

AD MCP

Membrane Attack Complex Inhibitor
(CD59) deficiency

-Erythrocytes highly susceptible to
complement-mediated lysis

Hemolytic anemia, thrombosis AR CD59
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Disease Functional Defect Associated Features Inheritance Gene Defects
Paroxysmal nocturnal hemoglobinuria -Complement-mediated hemolysis Recurrent hemolysis Acquired X-linked mutation PIGA
*
The C1r and C1s genes are located within 9.5 kb of each other. In many cases of C1r deficiency, C1s is also deficient.

§
Gene duplication has resulted in two active C4A genes located within 10 kb. C4 deficiency requires abnormalities in both genes, usually the result of

deletions.

**
Type 1 C2 deficiency is in linkage disequilibrium with HLA-A25, B18 and -DR2 and complotype, SO42 (slow variant of Factor B, absent C2, type 4

C4A, type 2 C4B) and is common in Caucasians (about 1 per 10,000). It results from a 28-bp deletion resulting in a premature stop codon in the C2 gene;
C2 mRNA is not produced. Type 2 C2 deficiency is very rare and involves amino acid substitutions which result in C2 secretory block.

***
C8alpha deficiency is always associated with C8gamma deficiency. The gene encoding C8gamma maps to chromosome 9 and is normal. C8gamma

is covalently bound to C8alpha.

****
Association is weaker than with C5, C6, C7 and C8 deficiencies. C9 deficiency occurs in about 1 per 1,000 Japanese.

*****
Population studies reveal no detectable increase in infections in MBP deficient adults.

******
A single patient.

Abbreviations: MAC= Membrane attack complex SLE: systemic lupus erythematosus; MBP: Mannose binding Protein; MASP-2: MBP associated serine
protease 2.
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