late-onset bronchopulmonary infections, bronchiectasis, and brain
aneurysms. Moderate forms of CMC are related to autoimmunity and
AIRE deficiency (see below). In this setting, predisposition to Candida
infection is associated with the detection of autoantibodies to TH17
cytokines. Recently, deficiencies in IL-17F and IL-17 receptor A and,
above all, gain-of-function mutations in STAT1 have been found to be
associated with CMC. In all cases, CMC is related to defective TH17
function. Innate immunodeficiency in CARD9 also predisposes to
chronic invasive fungal infection.

Agammaglobulinemia Agammaglobulinemia is characterized by a
profound defect in B cell development (<1% of the normal B cell blood
count). In most patients, very low residual Ig isotypes can be detected
in the serum. In 85% of cases, agammaglobulinemia is caused by a
mutation in the BTK gene that is located on the X chromosome. The
BTK gene product is a kinase that participates in (pre) B cell receptor signaling. When the kinase is defective, there is a block (albeit a
leaky one) at the pre-B to B cell stage (Fig. 374-4). Detection of BTK
by intracellular immunofluorescence of monocytes, and lack thereof
in patients with X-linked agammaglobulinemia, is a useful diagnostic
test. Not all of the mutations in BTK result in agammaglobulinemia,
since some patients have a milder form of hypogammaglobulinemia
and low but detectable B cell counts. These cases should not be confused with common variable immunodeficiency (CVID, see below).
About 10% of agammaglobulinemia cases are caused by alterations in
genes encoding elements of the pre-B cell receptor, i.e., the μ heavy
chain, the λ5 surrogate light chain, Igα or Igβ, the scaffold protein
BLNK, and the p85 α subunit of phosphatidylinositol 3 phosphate
kinase (P13K). In 5% of cases, the defect is unknown. It is noteworthy that agammaglobulinemia can be observed in patients with ICF
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Hyper-IgM (HIGM) Syndromes HIGM is a rare B cell PID characterized
by defective Ig CSR. It results in very low serum levels of IgG and IgA
and elevated or normal serum IgM levels. The clinical severity is similar
to that seen in agammaglobulinemia, although chronic lung disease
and sinusitis are less frequent and enteroviral infections are uncommon. As discussed above, a diagnosis of HIGM involves screening for
an X-linked CD40L deficiency and an autosomal recessive CD40 deficiency, which affect both B and T cells. In 50% of cases affecting only B
cells, these isolated HIGM syndromes result from mutations in the gene
encoding activation-induced deaminase, the protein that induces CSR in
B cell germinal centers. These patients usually have enlarged lymphoid
organs. In the other 50% of cases, the etiology is unknown (except for
rare UNG and PMS2 deficiencies). Furthermore, IgM-mediated autoimmunity and lymphomas can occur in HIGM syndrome. It is noteworthy
that HIGM can result from fetal rubella syndrome or can be a predominant immunologic feature of other PIDs, such as the immunodeficiency
associated with ectodermic anhydrotic hypoplasia X-linked NEMO
deficiency and the combined T and B cell PIDs caused by DNA repair
defects such as AT and Cernunnos deficiency.
Common Variable Immunodeficiency (CVID) CVID is an ill-defined condition characterized by low serum levels of one or more Ig isotypes. Its
prevalence is estimated to be 1 in 20,000. The condition is recognized
predominantly in adults, although clinical manifestations can occur
earlier in life. Hypogammaglobulinemia is associated with at least partially defective antibody production in response to vaccine antigens. B
lymphocyte counts are often normal but can be low. Besides infections,
CVID patients may develop lymphoproliferation (splenomegaly), granulomatous lesions, colitis, antibody-mediated autoimmune disease, and
lymphomas. A family history is found in 10% of cases. A clear-cut dominant inheritance pattern is found in some families, whereas recessive
inheritance is observed more rarely. In most cases, no molecular cause
can be identified. A small number of patients in Germany were found to
carry mutations in the ICOS gene encoding a T cell-membrane protein
that contributes to B cell activation and survival. In 10% of patients with
CVID, monoallelic or biallelic mutations of the gene encoding TACI
(a member of the tumor necrosis factor [TNF] receptor family that
is expressed on B cells) have been found. In fact, heterozygous TACI
mutations correspond to a genetic susceptibility factor, since similar
heterozygous mutations are found in 1% of controls. The BAFF receptor was found to be defective in a kindred with CVID, although not all
individuals carrying the mutation have CVID.
Recently a group of patients with hypogammaglobulinemia and
lymphoproliferation were shown to exhibit dominant gain of function mutations  in the PIK3CD gene encoding the p110δ form of P13
kinase. A diagnosis of CVID should be made after excluding the presence of hypomorphic mutations associated with agammaglobulinemia
or more subtle T cell defects; this is particularly the case in children.
It is possible that many cases of CVID result from a constellation
of factors, rather than a single genetic defect. Recently, rare cases of
hypogammaglobulinemia were found to be associated with CD19 and
CD81 deficiencies. These patients have B cells that can be identified
by typing for other B cell markers. Hypogammaglobulinemia can be
associated with neutropenia and lymphopenia in the warts, hypogammaglobulinemia, infections, and myelokathexis syndrome (WHIM)
caused by dominant gain-of-function mutation of CXCR4, resulting in
cell retention in the bone marrow.

Chapter 374 Primary Immune Deficiency Diseases

B LYMPHOCYTE DEFICIENCIES (Table 374-1, Fig. 374-4)
Deficiencies that predominantly affect B lymphocytes are the most
frequent PIDs and account for 60–70% of all cases. B lymphocytes
make antibodies. Pentameric IgMs are found in the vascular compartment and are also secreted at mucosal surfaces. IgG antibodies diffuse freely into extravascular spaces, whereas IgA antibodies
are produced and secreted predominantly from mucosa-associated
lymphoid tissues. Although Ig isotypes have distinct effector functions, including Fc receptor–mediated and (indirectly) C3 receptor–
dependent phagocytosis of microorganisms, they share the ability
to recognize and neutralize a given pathogen. Defective antibody
production therefore allows the establishment of invasive, pyogenic
bacterial infections as well as recurrent sinus and pulmonary infections
(mostly caused by Streptococcus pneumoniae, Haemophilus influenzae,
Moraxella catarrhalis, and, less frequently, gram-negative bacteria).
If left untreated, recurrent bronchial infections lead to bronchiectasis and, ultimately, cor pulmonale and death. Parasitic infections
such as caused by Giardia lamblia and bacterial infections caused by
Helicobacter and Campylobacter of the gut are also observed. A complete lack of antibody production (namely agammaglobulinemia) can
also predispose affected individuals to severe, chronic, disseminated
enteroviral infections causing meningoencephalitis, hepatitis, and a
dermatomyositis-like disease.
Even with the most profound of B cell deficiencies, infections
rarely occur before the age of 6 months; this is because of transient
protection provided by the transplacental passage of immunoglobulins during the last trimester of pregnancy. Conversely, a genetically
nonimmunodeficient child born to a mother with hypogammaglobulinemia is, in the absence of maternal Ig substitution, usually prone to
severe bacterial infections in utero and for several months after birth.
Diagnosis of B cell PIDs relies on the determination of serum Ig
levels (Table 316-2). Determination of antibody production following
immunization with tetanus toxoid vaccine or nonconjugated pneumococcal polysaccharide antigens can also help diagnose more subtle
deficiencies. Another useful test is B cell phenotype determination
in switched μ−δ− CD27+ and nonswitched memory B cells (μ+δ+
CD27+). In agammaglobulinemic patients, examination of bone marrow B cell precursors (Fig. 374-4) can help obtain a precise diagnosis
and guide the choice of genetic tests.

syndrome, despite the presence of normal peripheral B cell counts. 2111
Lastly, agammaglobulinemia can be a manifestation of a myelodysplastic syndrome (associated or not with neutropenia). Treatment of
agammaglobulinemic patients is based on immunoglobulin replacement (see below). Profound hypogammaglobulinemia is also observed
in adults, in association with thymoma.

Selective Ig Isotype Deficiencies IgA deficiency and CVID represent
polar ends of a clinical spectrum due to the same underlying gene
defect(s) in a large subset of these patients. IgA deficiency is the
most common PID; it can be found in 1 in every 600 individuals.
It is asymptomatic in most cases; however, individuals may present
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