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Although selective IgM deficiency (SIGMD) was described almost five decades ago,
it was largely ignored as a primary immunodeficiency. SIGMD is defined as serum
IgM levels below two SD of mean with normal serum IgG and IgA. It appears to be
more common than originally realized. SIGMD is observed in both children and adults.
Patients with SIGMD may be asymptomatic; however, approximately 80% of patients
with SIGMD present with infections with bacteria, viruses, fungi, and protozoa. There
is an increased frequency of allergic and autoimmune diseases in SIGMD. A number
of B cell subset abnormalities have been reported and impaired specific antibodies
to Streptococcus pneumoniae responses are observed in more than 45% of cases.
Innate immunity, T cells, T cell subsets, and T cell functions are essentially normal.
The pathogenesis of SIGMD remains unclear. Mice selectively deficient in secreted IgM
are also unable to control infections from bacterial, viral, and fungal pathogens, and
develop autoimmunity. Immunological and clinical similarities and differences between
mouse models of deficiency of secreted IgM and humans with SIGMD have been dis-
cussed. Patients with SIGMD presenting with recurrent infections and specific antibody
deficiency responses appear to improve clinically on immunoglobulin therapy.
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INTRODUCTION

During ontogeny, IgM is the first immunoglobulin to be expressed on the surface of B cells (1),
and the first immunoglobulin isotype secreted during an initial immune response to an exogenous
antigen. Mature naive B cells in response to antigens undergo clonal expansion and differentiation
into Ig-secreting cells. In the germinal center (GC) of secondary lymphoid organs, two important
events take place. A subset of activated IgM+ B cells undergo a process of heavy chain isotype
switching resulting in the production of antibodies of different isotypes such as IgG, IgA, and IgE,
upon engagement of CD40 with CD40L and interaction with cytokines, and somatic hypermuta-
tion in v region results in the selection of high affinity antibody producing B cells (2, 3). In contrast
to secreted IgG, IgM comes in two flavors, pre-immune or without exposure to exogenous antigen
also know as “natural IgM” that is spontaneously produced, and the second type is exogenous
antigen-induced or “immune” IgM antibodies. The majority of circulating IgM is comprised of
natural IgM antibodies. It has been established from studies of mutant mice deficient in IgM
secretion that both natural and immune IgM are important in responses to pathogens and self-
antigens (4, 5). The two prominent features of natural IgM are polyreactivity and autoreactivity,
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which are attributed to the germline configuration of their
v region structures. The natural IgM antibodies are reactive with
many conserved epitopes that are shared by microbes and self-
antigens. The production of natural IgM appears to be triggered
by interaction with self-antigens. In addition to providing early
defense against microbes, natural IgM plays an important
role in immune homeostasis, and provide protection from
consequences of autoimmunity and inflammation (6-9). It also
appears that the specificity to bind to components of self-antigen
is critical for protecting effect of natural IgM against autoim-
munity. In mice, Bl cell-derived plasma cells are the major
source of natural IgM, and natural IgM promotes the T cell-
dependent antibody response by conventional B2 cells (10). The
immune IgM antibodies are selected for antigen-specificity that
are usually produced in response to pathogens, and serve as a
first line of defense against microbial infections and also provide
protection from autoimmune diseases (4, 6).

Selective IgM Deficiency (SIGMD) is disorder with serum
IgM below two standard of mean, and normal IgG, and IgA
and T cell functions. In 1967, Hobbs et al. (11) first described
children with SIGMD (type V dysgammaglobulinemia) pre-
senting with meningococcal meningitis. Since then, a number
of patients with SIGMD have been reported [reviewed in
Ref. (12)]. There are no large-scale studies reported for the
prevalence of SIGMD. In an unselected community health
screening survey, a prevalence of 0.03% of “complete” SIGMD
was reported (13). Recently, in screening of more than 3,000
healthy adult blood bank blood donors in Iran, the preva-
lence of SIGMD was 0.37% (14). A prevalence of 0.07-2.1%
in Immunology and immunodeficiency clinics has been
reported (15, 16).

GENETICS

Although occasional symptomatic familial cases of SIGMD
deficiency have been reported (11, 17), no definitive inherit-
ance pattern is known for SIGMD. In our immunology clinic,
we are also following a mother and daughter with symptomatic
SIGMD and specific antibody deficiency; both have similar
clinical and immunological profile. SIGMD has been reported
in a number of chromosomal abnormalities, including that of
chromosome 1,18 and 22q11.2 (18-22). The most common
association of SIGMD has been with 22q11.2 deletion syndrome
(18-20, 23-25).

CLINICAL FEATURES

Similar to other primary immunodeficiency disorders, patients
with SIGMD commonly present with recurrent infections with
common microbes, and increased frequency of allergic and auto-
immune diseases. These clinically features have been reviewed
in detail (12). Recurrent infections as the presenting manifesta-
tion occur in more than 80% of patients with SIGMD. Some of
these bacterial infections may result in serious life-threatening
infections (11, 17, 21, 22). The clinical infectious presentations
of SIGMD include recurrent otitis media, chronic sinusitis,
bronchitis, bronchiectasis, pneumonia, urinary tract infections,

cellulitis, meningitis, sepsis, etc. Some of the common micro-
bial organisms include Streptococcus pneumoniae, Hemophilus
influenzae, Neisseria meningitidis, Pseudomonas aeruginosa,
Aspergillus fumigatus, Giardia lamblia; many of these organisms
express epitopes of phosphorylcholine in their cell walls that are
similar to those expressed on apoptotic cells, and recognized by
natural IgM.

Although IgG levels are normal in SIGMD, increased sus-
ceptibility to infections in SIGMD may be due to associated
impaired IgG-specific antibody response to T-independent
polysaccharide antigens (26). These observations are analogous
to mutant mice deficient in secreted IgM, in that immunoglobu-
lin isotype switching to IgG is normal; however, these animals
are also unable to control viral, bacterial, and fungal infections
due to impaired induction of a protective specific IgG antibody
response, and lack of serum IgM (4, 27, 28).

In children with SIGMD, allergic and autoimmune diseases
are infrequent (29), whereas in adults, allergic and autoimmune
diseases are frequently present (15, 26). Almost 40% of patients
with SIGMD display allergic manifestations. Several investiga-
tors have reported association between atopic diseases and
SIGMD (15, 26, 30, 31). The frequency of asthma and allergic
rhinitis in SIGMD in reported cases ranged from 30 to 45%.

Similar to other primary antibody deficiency disorders (32),
autoimmunity and autoimmune diseases (Table 1) are more
common in patients with SIGMD than in the general population
(33-39). Goldstein et al. (15) reported positive ANA in 13% and
arthritis and SLE in 14% of patients with SIGMD. In our current
cohort of 55 patients with SIGMD, we have observed Hashimoto’s
thyroiditis in 8, SLE in 3, Myasthenia gravis in 2, and Addison’s
disease in 1 patient (unpublished observations). Mice genetically
generated to be deficient in secreted IgM spontaneously develop
ANA, anti-ds-DNA, and anti-ss-DNA antibodies and autoim-
mune diseases like arthritis and “lupus-like” diseases (6, 40, 41).
In mice deficient in secreted IgM, the prevalence of autoimmune
diseases increases as mice age (6). In SIGMD, autoimmune dis-
eases are more frequent in adults as compared to children with
SIGMD (12, 15, 29). Paradoxically, levels of autoreactive IgM are
elevated in patients with autoimmune diseases (42, 43). This could
reflect a compensatory mechanism by which IgM inhibits inflam-
mation and promotes clearance of apoptotic cells. Mice mutants
for FcpR are impaired in IgG antibodies against T-dependent

TABLE 1 | Autoimmune diseases associated with SIGMD.

Addison’s disease

Autoimmune glomerulonephritis
Autoimmune hemolytic anemia
Autoimmune thrombocytopenia
Celiac disease

Crohn'’s disease

Hashimoto’s thyroiditis
Myasthenia gravis

Polymyositis

Rheumatoid arthritis

Sjogren’s syndrome

Systemic lupus erythematosus
Vitiligo
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and T-independent antigens, develop autoimmunity as they age,
however, have increased levels of IgM (44). Although the precise
mechanism of IgM-mediated regulation of tolerance is unclear,
a number of mechanisms have been proposed: (a) cross-linking
of FcpR and BCR by IgM autoantibodies-self-antigen complexes
resulting in the induction of anergy or deletion of B cells; (b) loss
of central tolerance as a result of BCR editing at the level bone
marrow; (c) loss of peripheral tolerance secondary to a deficiency
of isotype-specific regulatory lymphocytes; (d) impaired clear-
ance of apoptotic cells/bodies (self antigens). In SIGMD patients,
we did not observe any significant changes in the expression of
FcpR on any of B cell subsets except low-level expression on
MZ B cells (45). Therefore, it is unlikely that changes in FcpR
or peripheral tolerance play a significant role in the develop-
ment of autoimmunity in SIGMD. Patients with SIGMD also
have decreased proportions of CXCR3" B cells (46). Recently,
a deficiency of CXCR3* B cells has been linked to autoimmune
diseases (47).

IMMUNE RESPONSES IN SIGMD

A number of abnormalities in lymphocyte numbers and func-
tions have been reported in SIGMD. In contrast, innate immune
responses appear to be preserved.

Lymphocyte Phenotype

B Lymphocytes

The proportions and numbers of surface IgM* B cells or
CD19%/CD20* B cells are normal in the majority of patients
with SIGMD (15, 26, 48-51). However, low to complete
lack of sIgM*, CD19*, or CD20* B cells have been reported
(23, 52-54). Recently, we have performed an extensive analysis
of B cell subsets in 20 patients with SIGMD (46). A significant
increase in CD21"%, and IgM memory B cells, and a significant
decreased in GC B cells, and CXCR3* naive and memory B cells
were observed in SIGMD. Lau et al. (55) have demonstrated
that CD21"" cells are recent GC graduates that represent a
distinct population from CD27* memory cells, are refractory
to GC reentry, and are predisposed to differentiate into long-
lived plasma cells. Therefore, a deficiency of CD21' cells may
be responsible for decreased differentiation to plasma cells and
decreased Ig production. However, it cannot explain defects in
selective production of IgM. CD21"" are increased in patients
with CVID with autoimmunity, and systemic lupus erythema-
tosus (53, 54, 56). Impaired polysaccharide response early life is
believed to be secondary to low expression of CD21 on B cells.
A significant increase in the proportions of CD21"" B cells in
our patients with SIGMD may explain both increased autoim-
munity and impaired anti-polysaccharide antibody responses
in SIGMD.

A role of CXCR3 in T cells and T-cell-mediated autoim-
munity has been well established (57); however, its role in B cell
trafficking and antibody-mediated autoimmunity is beginning
to emerge (58). Patients with SLE have decreased number of
CXCR3* B cells (45). We have observed decreased expression
of CXCR3 on both naive and memory B cells in SIGMD (46).

A role of decreased expression of CXCR3 on B cell subsets in
SIGMD and autoimmunity associated with SIGMD remains to
be investigated.

T Lymphocytes

Number and functions of T cell and T cell subsets are normal
in the majority of patients with SIGMD (26, 29, 46, 48-50, 59)
except in the syndrome of SIGMD, T cell deficiency, and MAC
infection (12, 60, 61).

Upon antigenic stimulation, naive CD4* and CD8" T cells
undergo clonal expansion, differentiation, and distinct homing
patterns. Based upon their functions and homing patterns, both
CD4* and CD8* T cells have been classified into naive (Tx),
central memory (Tcw), effector memory (Teu), and terminally
differentiated effector memory (Temra) subsets (62-64). Patients
with SIGMD are reported to have normal distribution of Ty,
Tcoms Tem, and Tewra subsets of CD4+ and CD8* T (46, 50).
In contrast, Ty and Tcy subsets of both CD4* and CD8* T cells
were decreased, whereas Trwra subset of CD4* and CD8* T cells
were markedly increased in patients with syndrome of SIGMD,
T cell deficiency, and MAC infection (60, 61).

Regulatory Lymphocytes

Although a role of CD4" Treg in immune tolerance is well estab-
lished (65), it is only recently there has been an interest in the
role of Breg (66) and CD8Treg (67, 68) in immune homeostasis,
and tolerance.

Breg have shown to regulate various immune responses includ-
ing regulation of generation of CD4* Treg; deficiency of Breg
results in experimental autoimmune diseases, and more recently,
Breg were shown to regulate the generation of peripheral CD4*
Treg cells (66, 69-72). We have reported significant increase in
Breg in patients with SIGMD (46). It is unclear whether increase
in Breg and CD8" Treg (see below) are compensatory changes
to control the development of autoimmunity and autoimmune
diseases in SIGMD, or they contribute to disease phenotype.
If increased Breg contribute to SIGMD by suppressing directly
B cell differentiation to Ig-secreting plasma cells remains to be
investigated.

A role of CD8 Treg cells in immune homeostasis has been
demonstrated in a number of experimental models and their
alterations have been observed in human diseases (67, 68,
73-75). In our cohort of patients with SIGMD, CD8 Treg cells
(CD8*CCR7*CD183*CD45RA") were increased (46).

Lymphocyte Proliferative Response

The lymphocyte transformation in response to mitogens phyto-
hemagglutinin, concanavalin A, and pokeweed mitogen, recall
antigens, Candida albicans, mumps, and tetanus toxoid, and
alloantigens appears to be intact in SIGMD (26, 48), demonstrat-
ing normal functioning T cells. Yamasaki (48) observed impaired
B cell proliferation in six patients with SIGMD in response to
Staphylococcus aureus Cowan (SAC) strain I (a B cell activator),
suggesting B cell functional defect in SIGMD. Mensen et al.
(50) examined the expansion of B cells and antibody secreting
cells following stimulation of peripheral blood mononuclear
cell (PBMC) or non-T cells with a cocktail of B cell stimuli.
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A decreased expansion/survival of all subsets of B cells in five
of six patients, and decreased IgM secreting B cells in two of six
patients were observed.

Serum Immunoglobulins and Specific

Antibody Responses

Serum Immunoglobulins

By definition, SIGMD is characterized by serum IgM levels
below 2 SD of mean for a laboratory with normal serum IgG
and IgA. However, patients with complete absence (<3 mg/dl)
of serum IgM have been reported in SIGMD. In our cohort of
55 patients with SIGMD, 4 patients have complete absence
of serum IgM. IgG subclass deficiency has been reported in
few cases of SIGMD (26, 76). IgG subclass deficiency is not
restricted to any particular subclass. This would be analogous
to association of IgG subclass deficiency with selective IgA
deficiency. Because of small cohort of cases, it is difficult to
determine the clinical significance of IgG subclass deficiency
in patients with SIGMD. Patients with SIGMD have increased
prevalence of allergic diseases, therefore, it is not surprising
that serum IgE levels are increased in a subset of SIGMD
(26, 48, 59, 76, 77).

Specific Antibody Responses

Specific antibody responses to T-dependent protein antigens
(e.g., tetanus, diphtheria), and T-independent antigens (anti-
polysaccharide antigens) have been studied in a small number
of patients with SIGMD. Antibody response to diphtheria and
tetanus in a small number of patients with SIGMD studied are
reported to be normal (25, 26), except impaired response in
the syndrome of SIGMD, T cell deficiency, and mycobacterial
infection (60, 61). A role of specific antibodies in mycobacterial
defense is discussed (61). The response to T-independent anti-
gens appeared to be impaired (18, 22, 25, 26, 78). We reported
impaired antibody responses against S. pneumoniae following
Pneumovax-23 vaccination in 45% of SIGMD (26). In our current
cohort of 55 patients with SIGMD, more than 45% have impaired
anti-pneumococcal antibody responses (unpublished observa-
tions). Al-Herz et al. (18) and Guill et al. (30) reported decreased
IgM Isohemagglutinins titers in a subset of patients with SIGMD.

PATHOGENESIS OF SIGMD

The pathogenesis of SIGMD remains unclear. A number of
mechanisms have been proposed (Table 2). Since the majority

TABLE 2 | Proposed mechanisms for the pathogenesis of SIGMD.

Mechanisms Reference
Decreased T helper cell activity (59)
Increased isotype specific suppressor T cells (49, 79, 80)
Increased CD8 Treg cells (46)
Intrinsic B cell defect (48, 52)

Increased Breg (46)
Defective secretion of p mRNA transcripts (82)
aMutations in protein transport gene(s)

aProposed by authors.

of patients have normal surface IgM™* B cells, investigators
have focused their studies on the analysis of helper T cells,
regulatory (suppressor) cells, and intrinsic defects of B cells.
A deficiency of helper T cells (59), increased IgM isotype-
specific suppressor T cells (49, 79-81), intrinsic B cell defects
(48, 52), and reduced secreted p mRNA transcripts (82) have
been reported as possible pathogenic mechanisms for SIGMD.
De la Concha et al. (59) reported that B cells from SIGMD
patients could produce normal amounts of IgM, IgG, and IgA
when coculture in vitro with T cells from healthy controls, sug-
gesting a defect in T-helper cell function. However, this defect
was not IgM isotype specific. In contrast, Matsushita et al. (80)
reported the presence of radiosensitive IgM-specific suppres-
sor T cells in a patient with SIGMD and giant leiomyoma of the
stomach. Inoue et al. (79) using in vitro cocultures revealed an
increased IgM isotype-specific suppressor T cell activity in all
seven patients with SIGMD. Ohno et al. (49), in a recombina-
tion plaque assay, observed increased isotype IgM-specific
(one case) and non-specific (one case) suppressor activity
in patients with SIGMD. We have observed that CD8 Treg
in vitro suppress immunoglobulin secretion by purified B cells
(unpublished personal observations); therefore, increased
CD8* Treg in SIDMD (46) may play a role in the pathogenesis
of SIGMD.

In contrast, Karsh et al. (52) failed to observe any defect in
T helper or T suppressor activity in SIGMD and suggested a
possible intrinsic B cell defect. Takeuchi and associates (33)
demonstrated that in vitro stimulation of PBMCs from a patient
with SIGMD and systemic lupus erythematosus with IL-2
and SAC (a B cell activator) did not increased IgM synthesis,
suggesting an intrinsic B cell defect. Furthermore, sequence
analysis of p heavy chain, and the IgM mRNA did not reveal
any mutation or deletion. Mensen et al. (50), in a T-dependent
B cell activation experimental system and using ELISA spot
assay, observed decreased number of IgM-secreting cells in
two of six patients with SIGMD as compared to healthy con-
trols. Yamasaki (48) analyzed T and B cells from six patients
with SIGMD. Purified B cells from SIGMD patients follow-
ing in vitro stimulation with SAC in the presence of T cells
from healthy controls secreted decreased amounts of IgM
as compared to B cells from healthy controls. Furthermore,
stimulation of patient’s B cells with SAC and B cell differentia-
tion factor (BCDF) did not increase IgM secretion. These data
suggest an intrinsic B cell defect, and not of helper T cell defect
or impaired BCDF production in SIGMD. We have observed
increased proportion of Breg in SIGMD (46).

Whether increased Breg contribute to SIGMD by sup-
pressing directly B cell differentiation to Ig-secreting plasma
cells remains to be investigated. Since membrane bound
IgM* B cells are normal, we propose there is a likelihood of
gene defect(s) responsible for transport of secreted proteins,
including IgM.

IMMUNOGLOBULIN THERAPY

The replacement of IgM would be an ideal therapy for SIGMD
patient. Hurez et al. (83) reported that passive transfer of IgM
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enriched (90%) preparation from normal human donors,
in a dose-dependent manner, inhibited in vitro binding of a
variety of autoantibodies to target autoantigens, and in vivo
prevented the onset of experimental autoimmune uveitis in
rats. Warrington et al. (84) demonstrated that the administra-
tion of recombinant human monoclonal IgM that binds to
oligodendrocytes-induced remyelination in mice with chronic
virus-induced demyelination, a model of chronic progressive
multiple sclerosis. Vassilev and colleagues (85) demonstrated
that theadministration of highly enriched IgM (more than 90%)
from pooled plasma of healthy donors inhibited experimental
myasthenia gravis in SCID mice model that was associated
with marked decreased in anti-choline receptor antibodies.
However, there are no commercial immunoglobulin prepara-
tions available that is highly enriched in IgM. Since more than
45% of patients with SIGMD have an impaired specific anti-
pneumococcal IgG antibody response (a defect also observed
in mice with mutations in IgM FcpR), current immunoglobu-
lin preparations may be beneficial in this subsets of clinically
symptomatic patients with SIGMD. Yel et al. (26) reported
favorable response to intravenous immunoglobulin in SIGMD
patients with regard to frequency and severity of infections.
Stoelinga et al. (35) and Fallon (86) also observed beneficial
effects of IVIG in SIGMD. Goldstein and associates (87), in
a retrospective chart analysis, observed clinical improvement
in four patients with a triad of SIGMD, bronchiectasis, and
asthma using high dose IVIG. However, in these patients
no information is provided for specific antibody responses.
Recently, Patel and colleagues (78) reported a patient with
SIGMD and non-protective pneumococcal antibody titers, and
recurrent multiple infections who responded to subcutaneous
immunoglobulin therapy. Therefore, symptomatic SIGMD
patients with specific antibody deficiency may be considered
candidates for immunoglobulin treatment.
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