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Abstract
Common variable immunodeficiency (CVID) is the most common clinically significant primary
immune defect. Although the hallmark of CVID is hypogammaglobulinemia, the intrinsic
dysregulation of the immune system leads to defective T-cell activation and proliferation, as well
as dendritic cell and cytokine defects. Although 70% to 80% of patients have had recurrent
sinopulmonary infections, auto-immunity and inflammatory complications are also common. The
most common autoimmune conditions are immune thrombocytopenic purpura and hemolytic
anemia, but other autoimmune complications arise, including rheumatoid arthritis, pernicious
anemia, primary biliary cirrhosis, thyroiditis, sicca syndrome, systemic lupus, and inflammatory
bowel disease. Treatment of autoimmunity includes high-dose immunoglobulins, corticosteroids,
selected immunosuppressants, and other immune modulators. This review focuses on autoimmune
conditions associated with CVID, potential mechanisms of immune dysregulation, and therapeutic
strategies.

Introduction
The diagnosis of common variable immunodeficiency (CVID) is based on significantly
reduced levels of IgG and IgA and/or IgM compared with age-related standards,
accompanied by impaired or absent antibody production [1]. CVID is essentially a diagnosis
of exclusion, as other causes of hypogammaglobulinemia, including known gene defects,
medications, protein loss, or malignancy, must be excluded. Unlike other genetic immune
defects, CVID is generally diagnosed in the third or fourth decade of life; however, a
diagnostic delay of 6 to 8 years after the appearance of the first characteristic symptom is
common [2••,3]. About 70% to 80% of patients have recurrent sinopulmonary infections,
but others have additional medical conditions, including gastrointestinal infectious or
inflammatory disease, lymphadenopathy, splenomegaly, and/or autoimmune diseases. The
pathogenesis of autoimmunity in CVID remains obscure. How autoantibodies can be
produced against specific tissues in a state of impaired antibody production is unclear.
Harder to understand is the pathogenesis of lymphoid hyperplasia, granulomatous
infiltrations, and inflammatory bowel disease, as these are more inflammatory syndromes
than strictly autoimmune-based conditions. This review outlines the autoimmune conditions
in CVID and current treatment options and highlights what is known about the genetics and
immune dysregulation in this syndrome.

Autoimmune Conditions
Autoimmune diseases affect about 20% of CVID patients and are commonly the first
manifestation of immune deficiency (Table 1) [2••,3]. In one study, autoimmunity was
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found before the diagnosis of CVID in 17.4% of 224 patients, and in 2.3% of the 17.4% of
these patients, autoimmune disease was the only clinical manifestation at the time of
diagnosis of CVID [4]. Although males and females appear to have autoimmunity in equal
numbers, data from the recent European Society for Immune Deficiency CVID registry
noted a higher prevalence of autoimmunity in the United Kingdom compared with Sweden,
suggesting differences in patient referrals, environmental factors, or possibly genetic
backgrounds [2••].

Hematologic autoimmunity and lymphoid hyperplasia
The most common conditions are immune thrombocytopenic purpura (ITP) and autoimmune
hemolytic anemia (AIHA), which occur singly or consecutively or concurrently with Evans
syndrome. The prevalence of ITP/AIHA is estimated to be approximately 5% to 8% in
patients with CVID [5]. In one study of 326 CVID patients, the prevalence of hematologic
cytopenias was 11% (n = 35): 15 with ITP, 9 with AIHA, and 11 with Evans syndrome.
Most of these patients (30 of 35) developed autoimmune disease before or concurrent with
the diagnosis of CVID and start of immunoglobulin (Ig) therapy [6]. Autoimmune
neutropenia appears to be rarer than ITP or AIHA.

With or without a history of ITP or AIHA, an enlarged spleen is common in CVID. In one
study of 224 CVID patients, splenic enlargement (longitudinal diameter > 11 cm) was noted
in 17.3% of patients at the time of diagnosis [4]. At the last follow-up (mean, 11.5 years),
the prevalence of splenomegaly increased to 26.4%. Splenomegaly was usually associated
with liver enlargement and/or abdominal lymphadenopathy. In 6% of these patients, the
histology of lymph nodes, liver, and spleen involved a granulomatous reaction [4]. In the
European Society for Immune Deficiency CVID registry, polyclonal lymphocytic
infiltration (defined as lymphoid interstitial pneumonitis, unexplained granuloma,
unexplained hepatomegaly, splenomegaly, and extensive and persistent lymphadenopathy)
was correlated with the serum IgM level. For each additional 1 g/L of IgM, there was a 16%
increased odds that the patient would develop polyclonal lymphocytic infiltration and a 31%
increased odds that the patient would have a lymphoid malignancy [2••].

Treatment of immune cytopenias with oral or intravenous corticosteroids and/or high-dose
intravenous immunoglobulin (1 g/kg) generally is successful, although anti–rhesus D Ig or,
more recently, the anti-CD20 monoclonal antibody rituximab may be required [6,7]. In
many cases, ITP and/or AIHA is accompanied by an enlarged spleen and lymphadenopathy
elsewhere. However, splenectomy in patients with CVID should be avoided given the
susceptibility to infection with encapsulated organisms. In two series, splenectomy led to
complications: 10% of patients had pneumococcal sepsis and 16% had postoperative
infections [5]. Replacement Ig may reduce the reoccurrence of autoimmunity in CVID, as
most CVID patients studied in one group had one or more episodes of hematologic
autoimmunity before or at the time of diagnosis of CVID, whereas only a small minority had
either condition after Ig was initiated [6].

Rheumatologic diseases
Joint manifestations resembling rheumatoid arthritis or juvenile rheumatoid arthritis occur in
1% to 10% of patients with CVID [5,8,9]. These generally include symmetric involvement
of few or many joints—commonly the knees, ankles, and hands—and may result in joint
destruction. Antinuclear antibodies or a rheumatoid factor are typically absent due to lack of
antibody production in CVID. Histologic abnormalities of the synovial membrane are unlike
those seen in patients with typical rheumatoid arthritis. There may be synovial hyperplasia
and capillary proliferation without major lymphocytic or polymorphonuclear infiltrate, but
few to no B cells and no plasma cells, and T-cell infiltrate may be composed of CD8+ cells.
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Clinically, monoarticular arthritis in CVID is more commonly a result of infections such as
Streptococcus pneumoniae, Haemophilus influenzae, or Staphylococcus aureus. However,
infections with atypical organisms such as Mycoplasma hominis, Mycoplasma pneumoniae,
Mycoplasma salivarium, and Ureaplasma urealyticum are harder to diagnosis and may
necessitate a trial of an antibiotic to exclude such an infection [8,9].

Systemic lupus erythematosus (SLE) appears to be uncommon in CVID but has been
described. In a review of 18 patients with CVID and SLE, 89% were females (mean age at
onset of SLE, 23.8 years) [10]. The most frequent symptom in these patients was a
sinopulmonary infection; 60% had reduced numbers or percentages of B cells. Fifty percent
of patients developed CVID within 5 years of the diagnosis of SLE. Curiously, in 67%, the
SLE disease activity decreased after the development of CVID, suggesting that loss of B
cells or functional antibody may have contributed to clinical remission [10]. However, other
studies have reported patients with exacerbations of SLE disease activity after development
of hypogammaglobulinemia, suggesting that more than one mechanism may be involved in
these two disease processes.

The treatment of rheumatologic disease in CVID is the same as for individuals who are not
immune deficient, with the exception of the addition of adequate Ig replacement. However,
when Ig therapy ameliorates or cures joint disease, an infectious etiology is more likely.
Although hydroxychloroquine appears safe and modestly effective in rheumatoid disease,
previous treatment with medications such as cyclophosphamide, azathioprine, and
mycophenolate mofetil can reduce serum Ig, leading to some confusion about the underlying
diagnosis [11].

Granulomatous disease and autoimmunity
Granulomatous lesions occur in the tissues of 5% to 20% of patients with CVID. These
lesions are noncaseating and most prominent in the lung, liver, spleen, skin, bone marrow,
and/or lymph nodes [12]. These lesions are commonly associated with significant
lymphadenopathy and splenomegaly. Granulomatous disease in the lung may be confused
with sarcoidosis prior to the recognition of hypogammaglobulinemia; this leads to delays in
treatment of the immune defect and risk for severe infections [12,13]. Patients with known
CVID may be found to have granulomata when a tissue is biopsied at a later time. However,
the key features that distinguish the two diseases include reduced serum Ig with lack of
antibody and history of recurrent infections in CVID. The etiology of granuloma remains
unknown. For the most part, infectious agents have not been found. It has been tempting to
suggest that the granuloma in CVID develops due to excess macrophage/monocyte
activation in the face of defective B-cell and, often, T-cell defects, as these are commonly
found [12]. For unclear reasons, more than half of CVID patients with granulomas also have
had autoimmunity, usually ITP or AIHA [12,13]. Two of our patients with extensive
pulmonary granulomas had life-threatening or fatal hemolytic anemia [6]. Genetic
polymorphisms of the tumor necrosis factor (TNF) gene, TNF allele +488, in individuals
with granuloma, also have been described [14], with increased TNF-α in some [15]. From a
diagnostic point of view, an increased serum angiotensin-converting enzyme can be found in
CVID and other immune defects, and a positive Kveim test, characteristic of sarcoidosis,
can also be positive in CVID [12].

Appropriate treatment of granulomatous infiltrations with or without autoimmunity in CVID
presents a challenge, as immunosuppression is undesirable. However, when required, low-
dose chronic oral steroids (10 mg/d or every other day) may be used. Hydroxychloroquine
may be an additional treatment due to its inhibitory effects on macrophage/monocyte
activation, antigen presentation, and TNF-α release [16]. TNF-α antagonists have been used
with some success in cases of granulomatous diseases in CVID; however, they have not
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been of clear benefit in sarcoidosis. Thus, the utility of this therapy in CVID-associated
granulomas remains undefined. Treatment of associated cytopenias would be as previously
outlined.

Inflammatory gastrointestinal disease
Inflammatory bowel–like disease has been described in 6% to 10% of patients with CVID
[5]. Whether this represents a form of autoimmunity or self-reactivity is difficult to clarify.
A recent study of patients with CVID with concomitant gastrointestinal disease revealed a
diverse histopathology, including intraepithelial lymphocytosis, lymphoid aggregates,
granulomas, crypt distortion, and a characteristic lack of plasma cells. Histologic patterns in
CVID biopsies often mimic diseases such as graft-versus-host disease, lymphoid
hyperplasia, and villous atrophy resembling celiac sprue, although wheat avoidance is
almost always unhelpful [17]. Liver disease with persistently elevated liver enzymes,
including primary biliary cirrhosis and what appears to be autoimmune hepatitis, has also
been observed [5]. In a survey of 10 CVID patients with elevated liver enzymes, biopsies
demonstrated mild portal and mild to moderate lobular chronic inflammation, and plasma
cells were absent in all specimens. Four patients showed small numbers of scattered portal
and/or lobular granulomas, and three of the patients had a coexisting diagnosis of
sarcoidosis [18]. Pernicious anemia is another autoimmune disease noted in a small
percentage (1% to 9%) of almost all series of patients with CVID [2••,5].

Intestinal inflammation in CVID can be difficult to treat. Even in cases in which no
organisms are found, antibiotics are often prescribed. Prolonged oral steroid treatment is not
ideal given the risk of immunosuppression, although it is likely to reduce symptoms.
Enteric-coated oral budesonide (Entocort EC; AstraZeneca, Wilmington, DE) is a potent
locally acting corticosteroid that has been used in CVID-associated inflammatory bowel
disease at doses of 3 mg three times daily. Immunomodulators 6-mercaptopurine or
azathioprine may be required and can be used in low doses (1.5 mg/kg for 6-
mercaptopurine, 2.5 mg/kg for azathioprine). TNF inhibitors (eg, infliximab) have also been
used in a few cases.

Immune Defects in CVID
As the cardinal manifestation is hypogammaglobulinemia, CVID is generally classified as a
B-cell defect, although as discussed subsequently, other cellular defects are known,
suggesting that CVID is in many ways a form of combined defect. Peripheral B cells are
usually normal in number but may be reduced or nearly absent; however, in all cases, B-cell
maturation is abnormal, with variably deficient Ig production in vivo and a lack of plasma
cells in tissues. Because an appropriate environment and specific signals are required to
differentiate naïve B cells into antibody-secreting cells, many investigators over the years
have studied in vitro Ig synthesis in CVID using a number of stimulators. These studies
revealed that patients usually can be grouped according to functional losses, with some
patients unable to produce any Ig in culture and others able to produce modest amounts. In
response to Staphylococcus aureus Cowan and interleukin (IL)-2, for example, the B cells of
some patients fail to produce any Ig. A second group produces only IgM, with little or no
IgG, and a third group produces IgM and IgG in normal or near-normal quantities [19]. B
cells of some CVID patients produce Ig if stimulated by the polyclonal B-cell activator CpG
oligonucleotide [20]; however, the resulting isotype is mostly IgM and less IgG or IgA. That
B cells of about 40% of CVID patients, when cultured in vitro with anti-CD40 and IL-4,
undergo some differentiation and synthesize IgG demonstrates the likelihood that patients
have B lymphocytes capable of some antibody function, potentially permitting self-
reactivity [21].
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Similar to the hyper IgM syndrome, CVID B cells exhibit impaired somatic hypermutation
[22] and a relative lack of CD27+ memory B cells. CD27, a member of the TNF receptor
gene superfamily, is expressed on about 30% to 40% of B lymphocytes in the blood of
adults and is used to distinguish memory B cells. Although there are modestly reduced
numbers of memory B cells in peripheral blood in CVID, there are even greater losses of
isotype switched (IgD−, IgM−, CD27+) memory B cells [23]. Clinically, very low numbers
of these isotype switched memory B cells is a useful means of classifying patients into
biologically relevant groups [23,24••]. Loss of isotype switched memory B cells (< 0.4%) is
correlated with lower serum IgG levels and poorer antibody responses [25,26]. Loss of these
cells is also associated with the development of autoimmunity, lymphoid hyperplasia,
splenomegaly, and granulomatous disease [23,24••,27], suggesting that defective class
switch and loss of hypermutation in CVID may lead to an inability to exclude autoimmune
clones.

Another potentially important factor in autoimmunity is B-cell–activating factor (BAFF), a
cytokine produced by cells of myeloid origin that is important for the survival and
maturation of B cells [28•]. Over-expression of BAFF in mice leads to B-cell hyperplasia,
splenomegaly, and autoimmunity. A substantial body of literature demonstrates that BAFF
(and a proliferation-inducing ligand [APRIL]) are present in excess amounts in the sera of
patients with systemic autoimmune disease (eg, rheumatoid arthritis, systemic lupus
erythematosus, and systemic sclerosis). Because some of the clinically problematic
hallmarks of CVID are autoimmune disease, striking lymphadenopathy, and splenomegaly,
levels of APRIL and BAFF were determined in the serum of patients. The results
demonstrated that BAFF and APRIL were greatly elevated in most patients with CVID;
however, these levels were not significantly related to autoimmunity or lymphoid
hyperplasia present in some, suggesting that the role of these factors in CVID is not yet well
understood [29•].

Significant and numerous abnormalities of T-cell function, cytokine secretion, cell adhesion,
and dendritic cells also have been described in CVID. These include lymphopenia, poor
lymphocyte proliferation, skewed CD8+ cell numbers, a lack of antigen-specific T cells, a
restricted T-cell receptor repertoire with oligoclonal expansion of CD8+ T cells, and
decreased CD4+ CD45RA+ T cells. CVID T lymphocytes produce markedly decreased
amounts of IL-2, interferon-γ, IL-4, IL-5, and IL-10. Other T-cell defects include impaired
T-cell activation following stimulation with anti-CD3, impaired intracellular tyrosine kinase
expression following T-cell receptor ligation, reduced Zap-70 mobilization, deficient CD28
co-signaling, and accelerated T-cell death associated with increased expression of CD95.
Although these significant but complex cellular defects may lead to a cytokine or germinal
center environment that impairs removal of self-reactive T cells, in most cases, these studies
have not made specific associations with the development of autoimmunity in patients.
However, several investigators have found that a reduced frequency of T-regulatory cells
(CD4+, CD25+, forkhead box P3+) was related to autoimmunity, splenomegaly, or other
inflammatory markers in CVID [30,31]. The cellular defects potentially related to auto-
immunity in CVID are summarized in Table 2.

Genetics of CVID
More than 90% of individuals with CVID do not have an immune-deficient family member,
suggesting that this syndrome results from multigenic causes. In about 10% of families, one
or more additional family members have CVID or, more often, selective IgA deficiency
[32]. However, non–immune-deficient family members may have an increased incidence of
autoimmunity. Linkage analysis in families in which both CVID and selective IgA
deficiency occur has long implicated the HLA-DQ/DR haplotype as a susceptibility locus
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[33]. Recently, genetic variations in Msh5, a gene involved in regulation of meiotic
nonhomologous recombination potentially contributing to Ig class switch recombination,
were noted in CVID patients [34].

However, several single gene lesions have been found to lead to the CVID phenotype:
mutations of the T-cell activation marker the inducible co-stimulator in one extended
kindred [35] and CD19 in a few families [36]. Disruption of BAFF receptor in mice results
in an immunologic phenotype similar to CVID, and this receptor was found to have a
significant mutation in one patient [37]. More complex are mutations in the gene encoding
the related receptor known as transmembrane activator and calcium-modulating ligand
interactor (TACI, TNFRSR13B), which is expressed mostly on mature B cells and found in
7% to 10% of patients [38,39]. Although mutations in TACI are clearly associated with
CVID, some of the same mutations can be found in non–immunedeficient family members
and a few normal controls [40•,41•]. However, CVID patients with mutations in TACI have
an increased incidence of autoimmunity. In a study of 176 patients, mutations in TACI were
found in 13 (7.3%), six of whom (46%) had episodes of autoimmune thrombocytopenia,
which was in contrast to the 12% of 163 patients without mutations. Splenomegaly and
splenectomy were also significantly increased in the group with TACI mutations (P = 0.012
and P = 0.001, respectively) [41•]. A review of the European data showed that heterozygous
inheritance of the C104R mutation was also associated with autoimmunity and lymphoid
hyperplasia in this cohort [42••]. As TACI−/− mice develop splenomegaly,
lymphadenopathy, lymphoma, and a fatal autoimmune syndrome similar to human SLE, it
seems probable that this receptor exerts selected inhibitory effects that are impaired in
patients with CVID and mutations.

Conclusions
Primary immune defects commonly lead to autoimmune manifestations. These may be
organ or tissue based. From the medical perspective, they are difficult to treat, as prolonged
immune suppression, undesirable in these patients, may be required. The pathogenesis of
autoimmunity in immune deficiency is unclear for the most part, but careful dissection of
immune mechanisms in some has led to greater understanding of autoimmunity in general.
The best examples of these include the mutations in CD95 in autoimmune
lymphoproliferative disorder, which lead to defective apoptosis and autoimmune cytopenias,
and mutations in the IL-2 receptor, signal transducer and activator transcription 5, and
forkhead box P3, which lead to loss of functional T-regulatory cells. For other immune
defects, including CVID, the pathogenesis of autoimmunity remains more obscure, although
recent genetic studies provided some illumination. However, the heterogeneity in both
pathogenesis and clinical complications in CVID makes these investigations challenging.
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Table 1

Autoimmune diseases associated with common variable immunodeficiency

Dermatologic

 Alopecia totalis

 Vitiligo

 Psoriasis

Hematologic

 Immune thrombocytopenic purpura

 Autoimmune hemolytic anemia

 Autoimmune neutropenia

Endocrinologic

 Hyperthyroidism

 Hypothyroidism

Rheumatologic

 Vasculitis

 Systemic lupus erythematosus

 Rheumatoid arthritis

 Juvenile rheumatoid arthritis

 Sicca syndrome

Gastrointestinal

 Inflammatory bowel disease

 Primary biliary cirrhosis

 Autoimmune hepatitis

 Pernicious anemia

 Atrophic gastritis
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Table 2

Pathogenesis of autoimmunity

Defects Studies

B-cell defects

 Impaired somatic hypermutation [22]

 Reduced isotype switched memory B cells [23,43]

 Increased numbers of CD21− B cells [44]

T-cell defects

 Reduced T-regulatory cells [30,31]

 Reduced CD4 and increased CD8+ T cells [45]

Dendritic defects

 Reduced IL-12 production [46]

 Impaired differentiation, maturation, and function of dendritic cells [44,46]

Genetics

 Mutations in TACI [38,39,40•,41•,42••]

Cytokines, growth factors

 Cytokine defects: IL-2, IL-4, IL-6, IL-7, IL-10, interferon-γ [47–50]

 Excess BAFF, APRIL [29•]

APRIL—a proliferation-inducing ligand; BAFF—B-cell–activating factor; IL—interleukin; TACI—transmembrane activator and calcium-
modulating ligand interactor.
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