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REVIEW

Common variable immunodeficiency - an update
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Abstract
Common variable immunodeficiency (CVID) describes
a heterogeneous subset of hypogammaglobulinemias
of unknown etiology. Typically, patients present
with recurrent bacterial infections of the respiratory
and gastrointestinal tract. A significant proportion
of CVID patients develops additional autoimmune,
inflammatory or lymphoproliferative complications.
CVID is the most frequent symptomatic primary
immunodeficiency encountered in adults.
Informative monogenetic defects have been found
in single patients and families but in most cases the
pathogenesis is still elusive. Numerous immunological
studies have demonstrated phenotypic and
functional abnormalities of T cells, B cells and antigenpresenting cells. A hallmark is the impaired memory
B-cell formation that has been taken advantage of
for classifying CVID patients. Clinical multi-center
studies have demonstrated a correlation between
immunological markers and clinical presentation.
Long-term outcome is significantly influenced by
delay of diagnosis and treatment and the presence
of chronic inflammatory complications. While
immunoglobulin replacement therapy plus antibiotics
can control infections in most cases, patients with
non-infectious inflammatory complications such as
granulomatous inflammation, interstitial lung disease,
inflammatory bowel disease, lymphoproliferation and
developing malignancies still represent a therapeutic
challenge. In this review we provide a systematic
overview of the immunological, clinical, diagnostic
and therapeutic aspects of CVID and highlight recent
developments in these fields.
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Definition of common variable
immunodeficiency
The diagnosis ‘common variable immunodeﬁciency’
(CVID) describes patients presenting with hypogammaglobulinemia of unknown origin and variable immunological and clinical phenotypes. The most common
symptoms are severe, recurrent and sometimes chronic
bacterial infections mainly of the respiratory and
gastrointestinal tracts.
Based on the 1999 criteria issued by the American and
European societies for immunodeﬁciency [1], the diagnosis of CVID can be made if the following criteria are
fulﬁlled: a male or female patient who exhibits a marked
decrease of IgG (at least two standard deviations below
the mean for age) and of at least one of the IgM or IgA
isotypes; onset of immunodeﬁciency at greater than
2 years of age; absence of isohemagglutinins and/or poor
response to vaccines; and other deﬁned causes of hypogammaglobulinemia have been excluded. Most important
is the exclusion of other primary immunodeﬁciencies
and secondary causes of hypogammaglobulinemia
(Table 1).
It is important to note that only a small percentage of
patients taking any of the drugs mentioned in Table 1 will
develop a secondary hypogammaglobulinemia, suggesting an individual predisposition. While some of the drug
reactions are due to toxic eﬀects, others may be induced
by an allergic reaction.
The listed infections usually do not cause hypogammaglobulinemia; therefore, an underlying predisposition is
also likely in these patients. Only mutations in SH2D1A
(encoding SAP) causing X-chromosomal lymphoproliferative syndrome are conﬁrmed to be associated with
Epstein Barr virus-driven hypogammaglobulinemia.
Epidemiology
CVID encompasses the largest group of symptomatic
primary immunodeﬁciencies, with an estimated incidence between 1:10,000 and 1:50,000 [1,2]. There are
regional diﬀerences in incidence, with CVID being a rare
diagnosis among Asians and Afro-Americans [3,4]. There
is no gender predisposition and the age of onset is usually
in the second to third decade of life, although a smaller
group of patients already manifests CVID in childhood
[3,4], and, in general, CVID may occur at any age [5].
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Table 1. Primary and secondary causes of hypogammaglobulinemia to be distinguished from common variable
immunodeficiency
Cause

Diagnosis (examples)

Primary immunodeficiencies
Agammaglobulinemias

X-chromosomal agammaglobulinemia (BTK), rare AR forms

Class switch recombination deficiencies

X-chromosomal form: CD40L
Autosomal recessive forms: CD40, AID, UNG

X-chromosome lymphoproliferative
syndrome

SAP, XIAP deficiency

Combined immunodeficiency

Hypomorphic variants of severe combined immunodeficiencies
Other forms of combined immunodeficiency (ORAI, STIM, DOCK8 a.o.)

Other defined primary immunodeficiencies

WHIM (warts, hypogammaglobulinemia, infections, myelokathexis) syndrome
DiGeorge syndrome

Chromosomal instability syndromes

Ataxia telangiectasia (ATM)
Nijmegen breakage syndrome (NBS1)
ICF (immunodeficiency, chromosomal instability, facial abnormalities) syndrome (DNMT3B)

Secondary cause
Malignancy

Chronic lymphatic leukemia
Immunodeficiency and thymoma (Good syndrome)
Malignant lymphoma

Protein loss

Loss of immunoglobulins (for example, renal or gastrointestinal protein loss, severe burns, lymphangiectasis)
Hyperkatabolism of immunoglobulins (for example, myotonic dystrophy types 1 and 2)

Drug induced

Anticonvulsants (carbamazepine, valproic acid, phenytoine)
Sulfasalazine
Gold salts
Glucocorticoids
Azathioprine
D-Penicillamine

Antimalarial agents (very rare)
Methotrexate (very rare)
Alkylating agents (cyclophosphamid, chlorambucil)
Anti-CD20 (rituximab)
Imatinib
Infectious

Congenital cytomegalovirus, rubella or Toxoplasma gondii infection, neonatal HIV infection
Ebstein-Barr virus infection

AID, activation-induced cytidine deaminase; a.o., and others; AR, autosomal recessive; ATM, ataxia telangiectasia mutated; BTK, Bruton agammaglobulinemia tyrosine
kinase; DNMT3B, DNA (cytosine-5-)-methyltransferase 3 beta; DOCK8, dedicator of cytokinesis 8; NBS1, Nijmegen breakage syndrome 1; ORAI, ORAI calcium releaseactivated calcium modulator 1; SAP, SLAM associated protein/SH2 domain protein 1A; STIM, stromal interaction molecule 1; UNG, uracil-DNA glycosylase; XIAP,
X-linked inhibitor of apoptosis.

Genetics of common variable immunodeficiency
In contrast to most other primary immunodeﬁciencies,
more than 90% of documented CVID patients are lacking
a deﬁnite molecular genetic diagnosis or other causal
explanation for their disease. Only 10 to 20% of CVID
patients have a positive family history, while most cases
occur sporadically [3,4]. Four out of ﬁve ‘CVID families’

show autosomal dominant inheritance. In some larger
pedigrees, individuals with selective IgA deﬁciency
(sIgAD), CVID and intermediate forms can be observed
side by side [6,7]. This ﬁnding and cases of progression
from sIgAD towards CVID [8] indicate a possible
common genetic predisposition. Autosomal recessive
CVID is rarely seen in Europe and North America but is
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more frequent in regions and ethnic groups with higher
rates of consanguinity [4,9].
Genetic linkage analysis of large collections of familial
CVID/sIgAD patients [10-12] or singular large pedigrees
with multiple CVID/sIgAD cases [6] revealed possible
genetic loci on chromosome 4q [6], chromosome 6
[10,12] and chromosome 16q [11]. These early genomewide microsatellite-marker studies found the strongest
association with the HLA region [10,12]; they were
recently conﬁrmed by a genome-wide single nucleotide
polymorphism (SNP) genotyping array approach in
several hundred CVID patients [13]. This study also
revealed several structural chromosomal abnormalities
unique to CVID and many novel candidate genes signiﬁcantly associated with CVID or its clinical complications
[13].
In a minority of patients with CVID, distinct molecular
genetic defects have been identiﬁed. These genes
associated with a CVID phenotype are ICOS (inducible
costimulator) [14], TACI (transmembrane activator and
calcium-modulating cyclophilin ligand interactor) [15,16],
CD19 [17], BAFF-R [18], CD81 [19], CD20 [20], CD21
[21] and LRBA (lipopolysaccharide responsive beige-like
anchor protein) [22]. These defects are very rare,
however, only occurring in single cases or single families
and adding up to less than 3% of CVID patients. The
exceptions are TACI mutations, which are seen in up to
10% of CVID cases but occur also in 1% of the healthy
population, and thus must be regarded as disease
modiﬁers rather than disease-causing gene defects.
The currently known monogenetic defects associated
with CVID are summarized in Table 2. These monogenetic defects aﬀect only very few patients, but do
provide important prototypic disease models by indicating weak points in terminal B-cell diﬀerentiation.

Immunopathology of common variable
immunodeficiency
The immune system of CVID patients has been investigated by many studies, describing both phenotypic and
functional abnormalities in the adaptive and, more
recently, also in the innate immune system. However, the
plethora of these defects, their unequal distribution
within diﬀerent CVID cohorts and the lack of a real
comprehensive and combined analysis of all of them have
so far precluded a deﬁnitive mapping of all immunopathogenic pathways leading to CVID.
Based on the most common defects found in T cells
and B cells of the adaptive immune system, several classiﬁcation systems have been introduced [23-26].
Disturbances of T cells

For many years abnormalities of CD4+ and CD8+ T cell
numbers or function have been known and described in
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subgroups of CVID patients. In a signiﬁcant proportion
of CVID patients a reduction of total CD4+ T-cell counts
and the naive CD4+CD45RA+ subset has been observed
[23,27,28]. Regulatory CD25+FoxP3+-CD4+ T cells are also
diminished [29-32] in a subgroup of CVID patients who
present clinically with increased autoimmunity, granulomas, splenomegaly and an expansion of CD21low B cells
[32].
The T-cell compartment of some CVID patients expresses surface marker patterns indicative of chronic
activation; in contrast to CD4+ T cells, the CD8+ T cells of
these patients may numerically expand, explaining the
frequently inverted CD4/CD8 T-cell ratio seen in CVID.
These disturbances of the CD8+ T-cell pool can be
associated with disturbed cytokine secretion [33], lower
memory B-cell numbers and severe clinical courses [34],
chronic or recurrent cytomegalovirus infections [35] and
polyclonal expansions of ‘large granular lymphocytes’ in
combination with splenomegaly [36].
Giovanetti and colleagues [23] deﬁned clinically relevant subgroups of CVID patients based on the reduction
of naive CD4+ T cells. Their group I patients exhibited a
severe reduction of naive CD4+ T cells, signs of massive
T-cell activation, association with splenomegaly and a
more severe course of the disease [23].
The French DEFI study group delineated a CVID subgroup with clinically relevant T-cell insuﬃciency and
coined the term ‘late onset combined immunodeﬁciency’
(LOCID) for these patients [37]. Inclusion criteria were
CD4+ T cells below 200/μl or evidence of opportunistic
infections, which occurred in 3.5% and 5.4%, respectively,
of their studied cohort. LOCID patients often had a
consanguine background, and suﬀered more often from
sarkoid-like granulomas, gastrointestinal complaints,
splenomegaly and lymphoma; in general, LOCID patients
were more sick and required more intensive therapy [37].
Disturbances of B cells

The total number of peripheral B cells is slightly reduced
in about 40 to 50% of CVID patients [26]. In some
patients elevated numbers of B cells are reported, often
associated with polyclonal lymphoid organ inﬁltration
and autoimmunity [5]. In only about 10% of CVID
patients are B cells dramatically reduced or absent [26].
Disease progression tends to be more rapid and severe in
these patients [3,38] and the X-linked form of agammaglobulinemia and Good’s syndrome (B-cell aplasia
associated with thymoma) have to be excluded (Table 1).
On a cellular level, hypogammaglobulinemia and
defective speciﬁc antibody responses are matched by
impaired terminal B-cell diﬀerentiation into memory B
cells and plasma cells. The depletion of plasma cells in
lymphoid organs (gut-associated lymphatic tissue, lymph
nodes, bone marrow) has been demonstrated in several
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Table 2. Monogenetic defects associated with or causing common variable immunodeficiency
Defect (gene, chromosome)

Frequency

Onset

Ig serum levels

Clinical symptoms

ICOS deficiency (ICOS, 2q33)

5 families, 11 patients

Late onset, early onset

IgG, A, M low

URI, LRI, GI, SP, LP, AI, SG

CD19 deficiency (CD19, 16p11.2)

6 families, 9 patients

Early onset

IgG and IgA low, IgM variable

URI, LRI, GI, SP, LP, AI, SG, GN

BAFFR deficiency
(TNFRSF13C, 22q13.1-q13.31)

1 family, 2 patients

Late onset

IgG and IgM low, IgA normal

URI, LRI

CD81 deficiency (CD81, 11p15.5)

1 family, 1 patient

Early onset

IgG low, IgA and IgM normal

URI, LRI, GN

CD20 deficiency (CD20, 11q12)

1 family, 1 patient

Early onset

IgG low, IgA and IgM normal

URI

CD21 deficiency (CR2, 1q32)

1 family, 1 patient

Late onset

IgG and IgA low, IgM normal

URI, GI, SP

TACI (TNFRSF13B, 17p11.2)

About 8 to 10% of
CVID patients

Late onset, early onset

IgG and IgA low, IgM variable

URI, LRI, GI, SP, AI, LP, SG

LRBA deficiency (LRBA, 4q31.3)

4 families, 5 patients

Early onset (<15 years)

IgG and IgA low, IgM variable

URI, LRI, AI, GI, SG

AI, autoimmunity (autoimmune hemolytic anemia, immune thrombocytopenic purpura, neutropenia); GI, gastrointestinal tract involvement (gastritis, celiac
like disease, Crohn’s like disease); GN, glomerulonephritis; LP, lymphoproliferation; LRI, lower respiratory tract infection (bronchitis, pneumonia); SG, sarkoid-like
granulomatous disease; SP, splenomegaly; URI, upper respiratory tract infection (sinusitis, rhinitis, otitis media, pharyngitis).

studies [39-41]. Furthermore, class-switched memory B
cells are reduced in 80 to 90% of CVID patients [24-26].
Since this ﬁnding is not speciﬁc for CVID, it is not
suitable as a diagnostic criterion but has been used to
classify CVID patients into clinically and immunologically more homogeneous subgroups [24-26]. The
‘Freiburg’ classiﬁcation distinguishes three groups of
CVID patients [25] based on the percentage of switched
memory B cells and the expansion of activated so-called
CD21low B cells. The ‘Paris’ classiﬁcation distinguishes
three CVID subgroups [24] based on the reduction of
total versus switched memory B cells. For both classiﬁcation schemes several studies demonstrated that classiﬁcation of CVID patients based on B-cell phenotypes is
useful for identifying clinical subtypes, adapting therapeutic regimens (vaccination), assessing risks of certain
complications and performing pathogenic research
[42-46].
In 2008 a European multi-center trial combined both
classiﬁcation systems and proposed the EUROclass
classiﬁcation [26]. B cells were phenotyped for CD19,
IgD/IgM, CD27, CD21 and CD38 expression; patients
with more than 1% circulating B cells (B+, >90% of all
patients) were distinguished from those with less than 1%
(B-, <10% of all patients). The B+ group was further split
into patients with normal or reduced percentages of
switched memory B cells (smB+, >2% of total B cells;
smB-, <2% of total B cells). Further subgroups were established depending on the expansion of CD21low B cells or
transitional B cells. The EUROclass trial conﬁrmed the
clinical association of reduced switched memory B cells
and expanded CD21low B cells with splenomegaly and
granulomatous disease and revealed for the ﬁrst time an
expansion of transitional B cells in patients with
lymphadenopathy [26].
The disturbed memory B-cell formation points towards
an impaired germinal center reaction in secondary

lymphoid organs of most CVID patients. This assumption
is further supported by decreased rates of somatic hypermutations in CD27+ B cells of CVID patients [47,48], a
phenomenon that inversely correlates with an increased
risk of chronic lung damage [47]. Histopathological studies
of secondary lymphoid organs in CVID that would allow a
closer look at possible pathomechanisms in situ are still
rare. Taubenheim and colleagues [41] showed in three
patients an intact development of the centroblast/
centrocyte stage, including the sequential expression of
BCL-6 and Blimp-1, but the subsequent development into
plasmablasts and plasma cells was disturbed.
B-cell activation is triggered by stimulation of the B-cell
receptor, CD40, cytokine receptors and pattern recognition receptors such as Toll-like receptors (TLRs).
Currently, defects of B-cell receptor activation [44] as
well as the TLRs [49-51] have been identiﬁed in subgroups of patients. The underlying cause remains unknown for both defects.
Disturbances of antigen presenting cells and innate
immunity receptors

Professional antigen presenting cells, such as dendritic
cells (DCs), interact with naive T cells in the T-cell areas
of secondary lymphoid organs. As part of the germinal
center reaction they cooperate with cognate T and B cells
to promote their further diﬀerentiation. Outside of
germinal centers plasmacytoid DCs may initiate
immunoglobulin class switching and terminal B-cell
diﬀerentiation independent of T-cell help but via signals
through TLRs and the cytokines BAFF (B-cell activating
factor) and APRIL (a proliferation inducing ligand).
These two pathways are closely linked together particularly at the level of TLR9 and the BAFF/APRIL receptor
TACI [52,53]. When DCs from CVID patients were
diﬀerentiated in cell culture experiments their maturation
was impaired, resulting in diminished interleukin-12
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production and impaired up-regulation of co-stimulatory
molecules. This might limit the ability of CVID DCs to
contact and successfully interact with T cells [54,55]. In
addition, TLR9 expression and response of plasmacytoid
DCs and B cells to CpG stimulation is reduced [49].
Further investigations in CVID patients revealed an
additional dysfunction of TLR7 and TLR8 signaling
[50,51]. The recently described relationship between
TACI and the TLR9 signaling pathway [52] strengthens
the assumption that these disturbances of the TLR
system in CVID patients are of pathophysiological relevance even though no genetic mutations in the TLR
pathway have been established so far.

Clinical presentation of common variable
immunodeficiency
Infections

Over 90% of CVID patients suﬀer from an increased
susceptibility to bacterial pathogens aﬀecting mucous
membranes of the upper and lower airways and, to a
lesser extent, of the gastrointestinal tract [3,4,38]. Table 3
summarizes frequencies of speciﬁc infections and
pathogens encountered in two consecutive studies on the
Mount Sinai Hospital CVID cohort in New York [3,38]
and the French DEFI cohort study [4]. In the DEFI cohort
study, approximately two-thirds of the 252 patients
presented with sinusitis or bronchitis and 50% had at
least one bout of pneumonia during their life [4]. About
one-third of patients had developed bronchiectasis as a
result of chronic and recurrent infections. Frequently
detected pathogens were Streptococcus pneumoniae,
Haemophilus inﬂuenzae, Staphylococcus aureus and
Moraxella catharralis. Recurrent and chronic diarrhea
was present in approximately 40% of patients and in
about half of them pathogens like Giardia lamblia
followed by Salmonella and Campylobacter jejuni were
identiﬁed. Acute and chronic gastritis caused by Helicobacter pylori is frequently diagnosed in CVID patients
[3]. Up to 10% of CVID patients are described as suﬀering
from increased rates of Herpes zoster infections. In
contrast, typical opportunistic infections are quite
unusual and evoke the possibility of an underlying
combined immunodeﬁciency [37]. A rare but typical
complication of hypogammaglobulinemia is oligoarthritis
due to Mycoplasma species (Figure 1). Clinically, the
condition presents as reactive arthritis with synovial
culture techniques being often negative; therefore, the
microbiological diagnosis has to include multipathogen
PCR in synovial ﬂuid. In the diﬀerential diagnosis of
hypogammaglobulinemic
oligoarthritis,
serological
investigations are not helpful since most patients do not
exhibit an adequate antibody response against the
respective pathogens or the test results are inﬂuenced by
intravenous immunoglobulin substitution therapy. In
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patients with suspected reactive arthritis, therefore, we
recommend to initially determine IgG and IgA serum
concentrations before proceeding to extensive and
potentially meaningless antibacterial antibody responses.
Granulomatous lesions

Approximately 10 to 20% of CVID patients develop
granulomatous interstitial lung disease. Microbial testing
of these lesions often reveals no speciﬁc pathogen; the
reported detection of human herpes virus-8 in a US
CVID cohort [56] could not be conﬁrmed in larger
European patient groups (unpublished data), indicating
that the underlying cause remains unknown and probably
is multifactorial. Patients with granulomatous interstitial
lung disease have a signiﬁcantly poorer prognosis than
other CVID patients [38,57]. The granulomatous disease
to some extent resembles sarcoidosis; in addition to lung
and lymph nodes, also the liver, skin, spleen, bone
marrow, gastrointestinal tract, brain and kidney (in
decreasing frequency) may be aﬀected [58].
Gastrointestinal symptoms

Diarrhea is un-bloody if associated with a sprue-like
disease and bloody when resulting from chronic inﬂammatory bowel disease. The sprue-like villous atrophy seen
in CVID is often not gluten-sensitive and resembles more
autoimmune enteropathy. The involvement of the colon
in CVID is reminiscent of Crohn’s disease and ulcerative
colitis, but can be distinguished histologically [59]. The
nodular lymphoid hyperplasia that may occur both in the
duodenum and ileum may be asymptomatic or associated
with unformed stools [3].
Liver disease and abnormal liver function tests are
found in 10% of CVID patients [3,60]. The most common
liver disease in CVID represents nodular regenerative
hyperplasia of the liver tissue [60,61] or seronegative,
granulomatous hepatitis; autoimmune hepatitis is not a
typical entity found in these patients. Usually, liver
function in CVID patients is still preserved but portal
hypertension may develop [60,61]. Liver disease heralds a
poorer prognosis [38]. In any case of a suspected
hepatopathy in CVID, seronegative hepatitis B and C as
well as cytomegalovirus or Epstein Barr virus hepatitis
must be ruled out by searching for hepatitis antigen or
viral RNA, respectively.
Autoimmunity

Autoimmunity is present in about 30% of CVID patients
[3,26,38,62,63]. Table 4 summarizes frequencies of autoimmune disease encountered in two consecutive studies
on the Mount Sinai Hospital CVID cohort in New York
[3,38] and the French DEFI cohort study [62].
Particularly common are autoimmune thrombocytopenia (10 to 12%) and autoimmune hemolytic anemia (5
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Table 3. Infectious complications in common variable immunodeficiency
Mount Sinai 1999 [3] (n = 248)

Mount Sinai 2011 [38] (n = 473)

98% (243/248)

94% (445/473)

91% (230/252)

76.6% (190/248)

40% (187/473)

58% (147/252)

Recurrent (respiratory tract) infections
Pneumoniaa

DEFI 2008 [4] (n = 252)

Meningitis

<1% (2/248)

NS

7.9% (20/252)

Viral hepatitis

6.5% (16/248)

3.4% (16/473)

1.2% (3/252)

Giardia enteritis

3.2% (8/248)

2.3% (11/473)

13.9% (35/252)

(Recurrent) Herpes zoster

3.6% (9/248)

2.5% (12/473)

11% (27/252)

Pneumocystis jiroveci infection

2.8% (7/248)

1.3% (6/473)

<1% (2/252)

Salmonella infection

1.2% (3/248)

<1% (4/473)

7.5% (19/252)

Mycoplasma infection

2.8% (7/248)

<1% (4/473)

NS

Candidiasis

1.2% (3/248)

<1% (3/473)

<1% (2/252)

Mycobacterial disease

<1% (1/248)

<1% (3/473)

<1% (2/252)

NS

<1% (3/473)

<1% (13/252)

Papilloma viral infection
a

Predominantly bacterial, lobar or bronchopneumonia, X-ray proven. NS, not specified.

to 7%), showing a signiﬁcant correlation with splenomegaly [26,64]. Cytopenias can manifest before,
simultaneously with or after the diagnosis of immunodeﬁciency. Immunologically, autoimmune cytopenias are
associated with low numbers of class-switched memory
B cells, low numbers of regulatory T cells, expanded
CD21low B cells [25,65], and nodular T-cell inﬁltrates of
the bone marrow [40]. Autoimmune thyroid disease,
vitiligo, pernicious anemia, psoriasis, rheumatoid arthritis
and systemic lupus erythematosus are observed in CVID
cohorts at decreasing frequency [3,5,26] (Table 4).
Lymphoproliferation and malignancies

Benign lymphoproliferation is found in 40 to 50% of
CVID patients, often as splenomegaly, and in approximately 10 to 20% as local or diﬀuse lymphadenopathy
[5,26]. Histologically, several subsets can be distinguished, with follicular hyperplasia and granulomatous
inﬂammation being the most common ones [66]. In
conjunction with lymphoproliferation, CVID patients
carry an increased risk of developing lymphoma [3,5].
Most lymphomas are of the B-cell non-Hodgkin lymphoma type [3]. In addition to lymphomas, stomach
cancers represent an important malignant manifestation
in CVID [3,5,63,67]. The increased risk of cancer in
CVID may result from impaired immunity to potentially
carcinogenic pathogens (for example, Helicobacter pylori,
Epstein-Barr virus) or impaired tumor cell surveillance.
In this context it is notable that patients of a CVID
subgroup exhibit increased radiosensitivity, known to be
a risk factor for increased tumor incidence [68].

Diagnosis and follow-up of common variable
immunodeficiency
The diagnosis of CVID can only be made after the exclusion
of a variety of other causes of hypogammaglobulinemia

(Table 1). Its rarity and high clinical variability lead to a
signiﬁcant delay in diagnosis between four [69] and nine
years [63] after onset of symptoms. Clinically, the leading
symptom in most patients is the classical susceptibility to
bacterial airway infections as described above. As
mentioned before, opportunistic infections are always
suggestive of LOCID. Some CVID cases manifest initially
with autoimmune cytopenias; thus, CVID needs to be
excluded in patients with immune thrombocytopenic
purpura, autoimmune hemolytic anemia and autoimmune neutropenia.
An inexpensive, quantitative determination of serum
immunoglobulins is the ﬁrst and most important step in
the diagnosis of CVID. Required for the diagnosis of
CVID is the diminution of at least two isotypes (IgG and
IgA or IgM). IgG is typically below 5 g/L (normal range 7
to 16 g/L) and IgA is markedly reduced or not detectable
in most patients. IgM is also below the normal range in
up to 80% of patients.
While drug-induced hypogammaglobulinemia (for
example, with rituximab; Table 1) may be revealed by the
patient’s history, proteinuria is detected by Uristix® and
intestinal protein loss may be suspected from the medical
history in combination with a decreased serum albumin
concentration. Lymphomas tend to be the most diﬃcult
diﬀerential diagnosis in secondary hypogammaglobulinemia. They require histological examination of lymph
node and bone marrow biopsies, notably in CVID
patients with ongoing lymphoproliferation. The diﬀerential diagnosis of other genetically deﬁned immunodeﬁciencies is rare and should be done in a specialized
center.
Besides quantitative determination of serum immunoglobulins, the basic laboratory tests should include a
diﬀerential blood count, liver and kidney function
parameters and C-reactive protein determination. The
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Figure 1. Oligoarthritis due to Mycoplasma salivarius as an early manifestation of common variable immunodeficiency. A male aged
36 years was healthy until he developed recurrent upper respiratory tract infections and a first bout of pneumonia 18 months prior to these images
being taken. Five months later he presented with refractory right-sided gonarthritis to an orthopedic surgeon. Despite multiple sterile knee taps,
arthroscopy and a Baker cyst resection, joint inflammation continued and extended to the right shoulder and the right ankle. He was referred to the
Division of Rheumatology and Clinical Immunology at Freiburg University Hospital for further diagnosis and treatment of ‘multifocal osteomyelitis
and oligoarthritis of unknown origin’. On admission he presented with three tender and swollen joints (right knee, shoulder, ankle), moderately
elevated C-reactive protein (CRP) levels (5 to 29 mg/dl) and severe hypogammaglobulinemia: IgG 1.7 g/L, IgA <0.6 g/L, IgM <0.3 g/L. Diagnosis of
CVID was established and the patient was started on monthly intravenous immunoglobulin infusions (500 mg/kg) plus various ineffective antibiotic
regimens (initially cefuroxime plus neomycin, then clarithromycin and metronidazol). A diagnostic puncture of the right shoulder eventually
revealed Mycoplasma salivarius by multiplex PCR diagnostics. From that point on the patient was put on doxicycline (200 mg/daily orally) and the
inflammatory process rapidly improved. Doxicycline was stopped after 4 weeks, whereas monthly intravenous immunoglobulin was continued. As
of today, the patient has been back to work for 7 years and is clinically doing well. Magnetic resonance imaging follow-up (T2, TIRM sequences of
the right knee) and laboratory parameters at three time points (A, B, C) nicely show the improvement of the severe arthritis and osteomyelitis of the
right knee.

Table 4. Common autoimmune manifestations in common variable immunodeficiency
Mount Sinai 1999 [3] (n = 248)
AIHA

Mount Sinai 2011 [38] (n = 473)

DEFI 2010 [62] (n = 311)

4.8% (12/248)

7% (33/473)

5.4% (17/311)

6% (15/248)

14.2% (67/473)

13.2% (41/311)

Neutropenia

<1% (2/248)

<1% (<5/473)

3.2% (10/311)

Rheumatoid arthritis

3.6% (9/248)

3.2% (15/473)

2.6% (8/311)

ITP

Vitiligo

NS

<1% (<5/473)

3.9% (12/311)

Sicca syndrome, Sjögren’s syndrome

<1% (2/248)

<1% (<5/473)

4.2% (13/311)

Autoimmune thyroiditis, diabetes mellitus,
multiple sclerosis

<1% (2/248)

<1% (<5/473

3.9% (12/311)

Alopecia

1.6% (4/248)

1.1% (5/473)

NS

Pernicious anemia

1.2% (3/248)

<1% (<5/473)

NS

Systemic lupus erythematosus

<1% (2/248)

<1% (<5/473)

<1% (1/311)

AIHA, autoimmune hemolytic anemia; ITP, immune thrombocytopenic purpura; NS, not specified.

routine examinations are complemented by the
determination of speciﬁc antibodies against protein
antigens (tetanus, diphtheria and hepatitis B virus and

hepatitis A virus in vaccinated patients) and antibodies
against pneumococcal capsular polysaccharides. These
studies are particularly meaningful if the patient has been
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Table 5. Initial and follow-up diagnostics in common variable immunodeficiency
System

Type of diagnostic procedure

Intervals

Hematopoietic system

Blood formula and differential blood counts

(3-)6 months; more often in case of known
autoimmune cytopenia

Coombs test in any case of newly developing anemia

On demand

Bone marrow biopsy in case of suspicion of lymphoma or myelodysplasia

On demand at diagnosis or during follow-up

Immune system

Microbiology (direct culture
of pathogens, PCR,
antigen ELISA)

Lungs

Lymphoproliferation

Gastrointestinal tract

Central nervous system

IgG, IgA, IgM (aiming at trough levels >7g/L)
In intravenous immunoglobulin-substituted patients

Monthly trough levels

In subcutaneous immunoglobulin-substituted patients

1-3 months

Immunofixation in serum and urine, ß2-microglobulin

At diagnosis

CD3, CD4, CD8, CD19, CD56 lymphocyte subsets

Initially and repeatedly in case of suspected
combined immunodeficiency

Vaccination responses to tetanus, diphtheria, hepatitis, pneumococcal
polysaccharides

At diagnosis

Classification (detailed T/B-cell evaluation)

At diagnosis

Purulent sputum: determine colonizing pathogens and resistance pattern
to antibiotics

On demand

In case of chronic bronchiectasis, control of colonising pathogens
(Pseudomonas spp., Haemophilius influenzae, Streptococcus pneumoniae,
Staphylococcus aureus, Candida spp. and others) with sensitivity to antibiotics

6-12 months and on demand

Spirometry, CO diffusion test, blood gases

12 months

Chest X-ray

(12-)24 months

HR-CT in case of proven GILD

24 months and on demand

Bronchoscopy + BAL in case of suspicion of GILD

At diagnosis; on demand

Abdomen sonography CT-Abdomen/MRT

12 months

Lymph node biopsy

On demand; in case of suspected lymphoma

Oesophogastroscopy

In case of clinical symptoms and every
24 months in case of increased risk for
developing intestinal malignancy

Colonoscopy

On demand

MRT, liquor analysis in case of neurological symptoms
(exclusion of enteroviral infection)

On demand

BAL, bronchoalveolar lavage; CT, computed tomography; GILD, granulomatous interstitial lung disease; HR-CT, high-resolution computed tomography; MRT, magnetic
resonance computed tomography.

vaccinated for diagnostic purposes prior to the start of
immunoglobulin substitution.
The next stage of diagnosis is ﬂow cytometric analysis
of lymphocyte subpopulations, including total T, B and
natural killer cells, to distinguish late manifesting Xlinked agammaglobulinemia (B cells <0.1%) and combined immunodeﬁciencies (CD4 cells <200/μl). The
classiﬁcation of CVID patients with the separation of Bcell subpopulations is reserved for specialized immunodeﬁciency centers. A bone marrow biopsy should be
performed in patients with low B-cell numbers (<1%)
[40] and if lymphoma or myelodysplasia is suspected. In
addition, several diagnostic procedures at ﬁrst visit and
during follow-ups are indicated for the control of possible
secondary complications (summarized in Table 5).

Therapy, natural course and prognosis
Current therapy of CVID can be categorized as follows:
regular and suﬃcient substitution with immunoglobulins
(IgG trough levels >7.0 g/L); targeted antibiotic treatment
of (breakthrough) infections; adequate treatment of
complications; and in selected patients with severe
hematological changes (chronic transfusion need, leukopenia, thrombocytopenia), secondary malignancies and
suspected combined immunodeﬁciency, allogeneic
peripheral stem cell transplantation is being considered
in experienced centers [70].
The immunoglobulin replacement therapy is the
mainstay of therapy; 90% of CVID patients are on either
intravenous (IVIg) or subcutaneous (SCIg) treatment
[71-74]. Intramuscular administration is no longer
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recommended because this route does not ensure
eﬀective serum levels but is associated with a higher rate
of side eﬀects. The current standard dosage when
administered intravenously is 400 to 600 mg/kg every 3
to 4 weeks. For subcutaneous administration, this corresponds to 100 to 150 mg/kg per week. The goal is the
control of infections, which is reached at diﬀerent
individual IgG trough levels [63]. As a target value, IgG
trough levels of more than 7 g/L are desirable before the
next infusion. Patients with existing chronic lung disease
(for example, bronchiectasis) or inﬂammatory bowel
disease often require higher doses of IgG and may not
reach the desired trough level. In chronic sinusitis
additional careful local therapy (saline lavage, expectorant and decongestant therapy) is mandatory.
First line therapy in autoimmune cytopenias and
lymphoproliferation are steroids. In case of failure,
immunosuppressive drugs, rituximab or splenectomy
have been reported as options. The inﬂammatory and
granulomatous lesions of the lungs, liver and intestine
respond poorly to the immunoglobulin replacement
therapy alone and therefore often require corticosteroids,
eventually in combination with immunosuppressants
(cyclosporin A, azathioprin and others). Prospective
trials on the eﬀectiveness of immunosuppressive drugs in
CVID are still lacking.
The life expectancy of CVID patients has considerably
improved over the past 30 years [5,63], from initially
12 years to currently over 50 years [3]. Reduced survival
was signiﬁcantly associated with age at diagnosis, lower
baseline IgG, higher IgM and fewer peripheral B cells.
The risk of death was 11 times higher for patients with
non-infectious complications such as lymphoma, chronic
hepatitis, structural lung disease and chronic
gastrointestinal disease [38].
Thus, the development of better surrogate diagnostic
markers for the presence and activity of these secondary
complications as well as new therapeutic approaches are
a major challenge for the coming years in the care of
CVID patients.

Conclusion
CVID represents the most common primary immunodeﬁciency. Besides an increased susceptibility to infections it frequently presents with signs of autoimmunity,
notably autoimmune cytopenias and rheumatic diseases.
Its early diagnosis and treatment are important for a
favorable outcome. While in most patients susceptibility
to infections can be suﬃciently covered by immunoglobulin replacement therapy and antibiotics, other
manifestations, such as autoimmunity, granulomatous
disease, interstitial lung disease, chronic diarrhea,
lymphoproliferation and developing malignancies, need
special attention and treatment, which is best oﬀered in
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close collaboration between primary care doctors and
specialized immunodeﬁciency centers.
This article is part of the series on Adult immunodeficiency, edited by
Hans-Hartmut Peter. Other articles in this series can be found at
http://arthritis-research.com/series/immunodeficiency
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