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Purpose of review

To summarize recent publications on clinical and genetic aspects of IgA deficiency (IgAD).

Recent findings

Both major histocompatibility complex (MHC) and non-MHC genes contribute to susceptibility to the
disease. The former genes appear to be located in different parts of the MHC region depending on the
HLA haplotype. The latter show a marked overlap with genes associated with a variety of autoimmune
disorders including Graves’ disease, systemic lupus erythematosus, type 1 diabetes and celiac disease,
suggesting common pathophysiological mechanisms. Various cytokines, recently shown to include
interleukin 21, can induce IgA synthesis in vitro in cells from patients with IgAD, suggesting a regulatory
basis of the disease.

Summary

IgAD is the most common primary immunodeficiency in the Western world with a prevalence of
approximately 1 : 600 in the general population. It appears to be a polygenic disorder and several of the
genes involved have recently been identified. The involvement of genes associated with autoimmunity may
suggest that IgAD in itself is an autoimmune disease.
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INTRODUCTION

Selective IgA deficiency (IgAD), defined as serum
IgA levels equal to or below 0.07 g/l with normal
IgM and IgG levels in individuals of 4 years of age or
older [1], is the most common primary immuno-
deficiency (PID) in Whites with an estimated
frequency of 1 : 600 [2]. Its prevalence, however,
varies from 1 : 155 [3] to 1 : 18 550 [4] in different
ethnic groups.

Most individuals with IgAD are clinically
asymptomatic; however, recurrent respiratory and
gastrointestinal tract infections, allergies and auto-
immunity have often been reported in association
with the defect [5]. Moreover, concomitant IgG
subclass deficiency may favor infection proneness
in some IgAD patients [5]. There are a number of
previously published reviews on IgAD [6–9] but in
this article we will focus on recent publications
within the field (from 2009 to 2012).
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Update

The phenotypic feature of IgAD is a failure of B
lymphocyte differentiation into plasma cells pro-
ducing IgA. The challenge is to determine if the
block reflects a defect in T helper cells, antigen-
presenting cells or B cells themselves. The recent
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demonstration of induction of IgA synthesis in cells
from a majority of patients with IgAD by interleukin
(IL) 21 [10

&

] may point to a non-B-cell defect.
There are limited data available on B-lym-

phocyte subpopulation in patients with IgAD.
One previous study [11] showed no significant
abnormalities in the B-cell differentiation stages
determined in IgAD patients including naive, IgM
memory, switched memory or IgMþCD21� B cells,
as compared with healthy controls. However, a
recent study [12

&

] showed that there were two sub-
groups of patients with IgAD (switched memory B
cells percentage: 0.34�0.06 and 1.74�0.12%,
respectively) as compared with healthy controls
(>0.4%) wherein the low-switched memory B cells
subgroup of patients exhibited more severe clini-
cal features, including pneumonia, autoimmune
horized reproduction of this article is prohibited.
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KEY POINTS

� IgA deficiency is the most common primary
immunodeficiency in the Western world, associated
with considerable morbidity.

� The defect is associated with selected MHC haplotypes
and, as shown recently, non-MHC genes.

� There is a marked overrepresentation of a variety of
autoimmune diseases in patients with IgA deficiency,
compatible with a common genetic link.

� Reversal of the phenotype can be induced in vitro,
suggesting a regulatory (epigenetic?) cause.

Primary immune deficiency disease
diseases and bronchiectasis, than the latter. The
authors suggested that the classification of patients
with IgAD by assessment of switched memory
B cells could aid physicians in determining the
clinical prognosis for their patients. Nechvatalova
et al. [13

&

] also determined major lymphocyte
subpopulations and B-lymphocyte subsets in
patients with IgAD and confirmed the reduction
in terminally differentiated B-lymphocyte subsets,
similar to what has previously been found in
patients with CVID, although less pronounced than
in the latter.
Clinical picture

The clinical picture in patients with IgAD given
above has recently been reconfirmed both in
children [14–16] and adults [17]. Surprisingly,
an increased frequency of malignancy (4.8%) was
found among the Israeli children [15]. This, how-
ever, has previously not been noted in adult White
patients [18]. Furthermore, although allergies have
been suggested to be an integral part of the clinical
picture, it should be noted that serum IgE levels
are often reduced in individuals with IgAD and in
a recent Italian study [19] in adults, atopy was not
more prevalent in the IgAD group as compared
with controls.

One of the remaining clinical questions regard-
ing IgAD relates to individuals with subnormal
levels of serum IgA, yet not deficient (IgAD light).
Two recent studies have addressed this issue and in
a small US-based cohort, a majority of the children
investigated (11/13) complained of joint pain,
joint swelling or morning stiffness [20]. However,
in a large, population-based study [21

&

] in Sweden,
encompassing 2423 young children (4–8 years old),
no increase in the prevalence of infections or
allergies was found in children with subnormal
serum levels of IgA, whereas the children with overt
pyright © Lippincott Williams & Wilkins. Unautho
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IgAD showed symptoms usually associated with
the defect.

Recently, 54 594 Canadian blood donations
were screened for serum IgA levels and the pre-
valence of IgAD was 1 : 219 [22], which is higher
than the prevalence reported previously in Whites
[8]. In 2011, 22 609 healthy Chinese blood donors
were also screened for IgA levels and 14 of them were
shown to be IgAD, giving a prevalence of 1 : 1615
[23], markedly higher than that previously reported
in China (1 : 4100) [24], suggesting that the pre-
valence of IgAD is probably slightly undervalued
in the Chinese population.
Associated diseases

Autoimmune diseases are the most important
concomitant clinical manifestations in patients
with IgAD [9,25].

Graves’ disease, one of the most prevalent
autoimmune thyroid disorders, is characterized by
lymphocytic infiltration of the thyroid gland and
production of thyrotropin-receptor autoantibodies
(TRAbs) that is found in more than 95% of newly
diagnosed Graves’ disease patients [26], leading to
hyperthyroidism [27]. The association of IgAD and
Graves’ disease has previously been suggested in
several small studies. In 2011, we investigated the
association of IgAD with Graves’ disease, which is
defined by elevated serum levels of TRAb, in a large
cohort of the Icelandic and Swedish patients [28].
The data showed a noticeably higher prevalence
of IgAD in the Swedish cohort (1 : 60, P¼0.027).
Furthermore, the prevalence of TRAb positivity in
IgAD patients was elevated in both patient cohorts,
suggesting a significant association of IgAD with
Graves’ disease.

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease characterized by a diverse array
of autoantibodies, immune complex deposition,
complement activation and tissue injury. Many
previous studies have reported an increased fre-
quency of IgAD among SLE patients of different
ethnical backgrounds [29

&

]. Recently, 72 juvenile
SLE patients in Brazil were analyzed for levels
of immunoglobulin classes and three patients were
IgAD [30], giving a prevalence of 1 : 24, suggesting
that IgAD is overrepresented among juvenile
SLE patients and may potentially contribute to
lupus development.

Type 1 diabetes (T1D) is characterized by
destruction of insulin-producing b cells in the pan-
creas, leading to reduced/absent insulin production.
The prevalence of IgAD in T1D has been previously
reported to range from 1 : 27 to 1 : 261 [29

&

]. A recent
Iranian study [31] has shown that the prevalence of
rized reproduction of this article is prohibited.
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IgAD in juvenile patients with T1D is 0.7% (1 : 150),
confirming its high prevalence among these patients
as compared with the general population.

Celiac disease is characterized by villous
atrophy, crypt hyperplasia and inflammation in
the small bowel. IgAD was previously shown to
be associated with celiac disease with a reported
overall prevalence of 1 : 39 [29

&

], indicating a 5-fold
to 15-fold increase in the prevalence of IgAD
among both children and adults with celiac disease.
A recent study in New York [32] provided evidence
that IgA deficiency/partial deficiency was present
in 2% of celiac disease patients and was equally
prevalent among adults and children. Interestingly,
all four patients with celiac disease and IgAD
who had persistently positive IgG celiac serological
markers while on gluten-free diet were rebiopsied
and showed a normal histology. In addition, 20 190
Turkish school children [33] were screened for celiac
disease and IgAD and the prevalence was 1 : 212 and
1 : 108, respectively wherein celiac disease appeared
overrepresented in the IgAD cohort, as four of
them were positive for IgG antitransglutaminase
(tTG) (3.7%). Furthermore, in a recent study [34]
Copyright © Lippincott Williams & Wilkins. Unaut
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on Swedish children, nine out of 278 were positive
for antibodies against deamidated gliadin peptides
(DGP) out of whom four were shown to have
overt celiac disease. A newly developed dot immu-
noassay [35] provides simultaneous detection of
IgA antitTG, anti-DGP and total IgA antibodies,
which could improve the detection of IgA-deficient
celiac disease patients (a prevalence of 3.6% in the
published study) and furthermore, the efficacy of
celiac disease serology.

Juvenile rheumatoid arthritis (JRA) is a chronic
inflammatory disease, mainly of the synovial joints
that typically appears from 6 months to 16 years
of age. The prevalence of IgAD among patients
with JRA has been reported to be 1 : 37 [29

&

] and a
recent study on Iranian children [36] identified one
IgAD patient out of the 83 tested children.

IgAD is also overrepresented among patients
with a variety of chromosomal abnormalities,
including the 22q11 deletion syndrome [37,38]
and chromosome 18 aberrations [7]. Interestingly,
autoimmune manifestations are also common
in these patients [37,39], suggesting a common
genetic/pathophysiological link. Five recent case
horized reproduction of this article is prohibited.
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reports reinforce this notion, wherein IgAD in
patients with the above chromosome aberrations
were shown to be concomitant with Graves’ disease
[40–43], SLE [41], T1D [40] and JRA [44].
GENETICS

IgAD is a complex disease and although there are
numbers of publications on the topic, its genetic
basis has remained elusive. However, the MHC,
in particular the ancestral HLA-A1, B8, DR3, DQ2
(8.1) haplotype and selected non-MHC genes have
previously been reported to be associated with
disease development.
MHC involvement

Up to 45% of IgAD patients carry at least one copy
of the ancestral 8.1 haplotype as compared with
16% in the general population and homozygocity
for this haplotype increases the risk of development
of the disease even further [45]. The HLA-DR7, DQ2
and DR1, DQ5 haplotypes have also been shown to
be risk factors for IgAD, whereas the DR15,
DQ6 haplotype has been reported to confer an
pyright © Lippincott Williams & Wilkins. Unautho
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almost complete protection against the disorder
[46

&&

,47,48].
Interestingly, the 8.1 haplotype has also been

reported to be associated with Graves’ disease, SLE,
T1D, celiac disease and, potentially, myasthenia
gravis and rheumatoid arthritis [28,49] where
the DRB1�1501 allele, which was confirmed as the
protective factor for both IgAD and T1D, was
found to be a risk factor for both SLE and multiple
sclerosis [29

&

,50]. However, due to the strong link-
age disequilibrium within this region, the causative
variants/mutations, except possibly for celiac
disease, have not yet been identified.

We have previously suggested that genetic vari-
ation in the MSH5 encoding gene (mutS homolog 5)
within the MHC class III region was associated with
IgAD and common variable immune deficiency
(CVID) [51]. Subsequently, however, Pozo et al.
[52] argued that the MSH5 gene is not a genetic
predisposing factor for IgAD but marks the HLA-
DRB1�0102 subgroup carrying the susceptibility
gene at least in the Spanish population.

Recently, we performed a high-density single
nucleotide polymorphism (SNP) mapping of the
MHC region in a combined sample of 772 IgAD
rized reproduction of this article is prohibited.
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patients and 1976 matched controls from three
independent European populations and confirmed
the published IgAD risk and protective associated
HLA haplotypes. We also provided evidence that
the causative allele in the extended 8.1 haplotype
is likely to be located in the telomeric end of
the Class II region or in the Class III region
(Fig. 1), which can guide future sequencing studies
aimed at characterizing the precise functional
variants contributing to disease pathogenesis [53

&&

].
Non-MHC involvement

The MHC-associated genes, however, cannot explain
the missing heritability of IgAD and some selected
non-MHC genes, including IFIH1 and CLEC16A,
have recently been shown to be associated with
IgAD [46

&&

].
IFIH1 (also known as MDA5) is located on

chromosome 2q24 and encodes the interferon
induced with helicase C domain 1 protein. Together
with RIG-1, it functions as a sensor for viral infec-
tions. We recently identified an association with a
nonsynonymous variant in IFIH1 [rs1990760 G>A,
P¼7.3�10(�10)] in patients with IgAD (Fig. 2).
This SNP was previously reported to be associated
with TID and SLE [54–56], suggesting that either
another complementary antiviral pathway might
be involved if patients carry loss of function variants
or this SNP might just mark a particular haplotype
with reduced expression of IFIH1.

CLEC16A (C-type lectin domain family 16, mem-
ber A), another known locus associated with auto-
immunity on chromosome 16, is widely expressed
on B-lymphocytes, natural killer and dendritic cells
[57]. Variants in CLEC16A showed suggestive evi-
dence for association with IgAD [rs6498142 C>G,
P¼1.8�10(�7)] and this SNP has previously been
shown to be associated with several autoimmune
diseases including T1D, SLE, celiac disease and
multiple sclerosis [54,58–61].

Subsequently, our recent meta-analysis con-
firmed the association of IgAD and IFIH1, and
provided evidence for an association with five
additional novel non-MHC loci including TNFAIP3,
PVT1, FAS, CDH23 and TM7SF3 [62].

Taken together, there is, thus, ample evidence
for the implication of selected non-MHC genes
in IgAD although the mechanism involved in the
disease development remains elusive.
THERAPY

Stimulation with CD40L/anti-CD40 together
with IL-4 and IL-10 has previously been shown to
induce IgA synthesis in cells from IgAD patients
Copyright © Lippincott Williams & Wilkins. Unaut
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[63,64]. In addition, IL-21 has now also been
shown to induce switching to IgA in cells from
IgAD patients [10

&

], opening up novel avenues for
potential therapy.
CONCLUSION

IgAD is the most common PID in Whites and
its clinical consequences are well recognized. How-
ever, although much has been learned about the
genetic basis of the disease during the past few years,
the genes within the MHC that contribute to disease
development have not yet been identified and find-
ing the causative mutations/variants will, due to the
marked linkage disequilibrium within the region,
probably require full sequencing of the disease
associated HLA haplotypes. Furthermore, although
selected non-MHC genes have also been implicated
in disease development, the mechanisms involved
remain to be elucidated.

In terms of therapy, a variety of cytokines,
including most recently IL-21, have been shown
to induce IgA synthesis in cells from IgAD patients.
In order to be able to translate these findings into
clinically useful therapies, however, the pathways
involved would need to be delineated and appro-
priate methods for delivery of the implicated
cytokines developed.
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