2106 myelodysplasia, and acute myeloid leukemia. Infections (bacterial and

viral) are life-threatening, thus indicating, together with the malignant
risk, HSCT.

PART 15
Immune-Mediated, Inflammatory, and Rheumatologic Disorders

LEUKOCYTE ADHESION DEFICIENCY (LAD)
Leukocyte adhesion deficiency (LAD) consists of three autosomal
recessive conditions (LAD I, II, and III) (Chap. 80). The most frequent
condition (LAD I) is caused by mutations in the β2 integrin gene; following leukocyte activation, β2 integrins mediate adhesion to inflamed
endothelium expressing cognate ligands. LAD III results from a defect
in a regulatory protein (kindlin, also known as Fermt 3) involved
in activating the ligand affinity of β2 integrins. The extremely rare
LAD II condition is the end result of a defect in selectin-mediated
leukocyte rolling that occurs prior to β2 integrin binding. There is a
primary defect in fucose transporter such that oligosaccharide selectin
ligands are missing in this syndromic condition.
Given that neutrophils are not able to reach infected tissues, LAD
renders the individual susceptible to bacterial and fungal infections
in a way that is similar to that of patients with SCN. LAD also causes
impaired wound healing and delayed loss of the umbilical cord. A
diagnosis can be suspected in cases of pus-free skin/tissue infections
and massive hyperleukocytosis (>30,000/μL) in the blood (mostly
granulocytes). Patients with LAD III also develop bleeding because the
β2 integrin in platelets is not functional. Use of immunofluorescence
and functional assays to detect β2 integrin can help form a diagnosis.
Severe forms of LAD may require HSCT, although gene therapy is
also now being considered. Neutrophil-specific granule deficiency (a
very rare condition caused by a mutation in the gene for transcription
factor C/EBPα) results in a condition that is clinically similar to LAD.
CHRONIC GRANULOMATOUS DISEASES
Chronic granulomatous diseases (CGDs) are characterized by impaired
phagocytic killing of microorganisms by neutrophils and macrophages
(Chap. 80). The incidence is approximately 1 per 200,000 live births.
About 70% of cases are associated with X-linked recessive inheritance
versus autosomal inheritance in the remaining 30%. CGD causes deeptissue bacterial and fungal abscesses in macrophage-rich organs such
as the lymph nodes, liver, and lungs. Recurrent skin infections (such
as folliculitis) are common and can prompt an early diagnosis of CGD.
The infectious agents are typically catalase-positive bacteria (such
as Staphylococcus aureus and Serratia marcescens) but also include
Burkholderia cepacia, pathogenic mycobacteria (in certain regions of
the world), and fungi (mainly filamentous molds, such as Aspergillus).
CGD is caused by defective production of reactive oxygen species
(ROS) in the phagolysosome membrane following phagocytosis of
microorganisms. It results from the lack of a component of NADPH
oxidase (gp91phox or p22phox) or of the associated adapter/activating
proteins (p47phox, p67phox, or p40phox) that mediate the transport
of electrons into the phagolysosome for creating ROS by interaction
with O2. Under normal circumstances, these ROS either directly kill
engulfed microorganisms or enable the rise in pH needed to activate the phagosomal proteases that contribute to microbial killing.
Diagnosis of CGD is based on assays of ROS production in neutrophils
and monocytes (Table 374-2). As its name suggests, CGD is also a
granulomatous disease. Macrophage-rich granulomas can often arise
in the liver, spleen, and other organs. These are sterile granulomas that
cause disease by obstruction (bladder, pylorus, etc.) or inflammation
(colitis, restrictive lung disease).
The management of infections in patients with CGD can be a complex process. The treatment of bacterial infections is generally based
on combination therapy with antibiotics that are able to penetrate into
cells. The treatment of fungal infections requires aggressive, long-term
use of antifungals. Inflammatory/granulomatous lesions are usually
steroid-sensitive; however, glucocorticoids often contribute to the
spread of infections. Hence, there is strong need for new therapeutic
options in what is still a poorly understood disease.
The treatment of CGD mostly relies on preventing infections. It has
been unambiguously demonstrated that prophylactic usage of trimethoprim/sulfamethoxazole is both well tolerated and highly effective
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in reducing the risk of bacterial infection. Daily administration of azole
derivatives (notably itraconazole) also reduces the frequency of fungal
complications. It has long been suggested that interferon γ administration is helpful, although medical experts continue to disagree over this
controversial issue. Patients may do reasonably well with prophylaxis
and careful management. However, other patients develop severe and
persistent fungal infections and/or chronic inflammatory complications that ultimately require HSCT. The latter is an established curative approach for CGD; however, the risk-versus-benefit ratio must be
carefully assessed on a case-by-case basis. Gene therapy approaches are
also being evaluated.
MENDELIAN SUSCEPTIBILITY TO MYCOBACTERIAL DISEASE (MSMD)
This group of diseases is characterized by a defect in the interleukin-12
(IL-12)–interferon (IFN) γ axis (including IL-12p40, IL-12 receptor
[R] β1, IFN-γ R1 and R2, STAT1, IRF8 and ISG515 deficiencies), which
ultimately leads to impaired IFN-γ-dependent macrophage activation.
Both recessive and dominant inheritance modes have been observed.
The hallmark of this PID is a specific and narrow vulnerability to
tuberculous and nontuberculous mycobacteria. The most severe phenotype (as observed in complete IFN-γ receptor deficiency) is characterized by disseminated infection that can be fatal even when aggressive and appropriate antimycobacterial therapy is applied. In addition
to mycobacterial infections, MSMD patients (and particularly those
with an IL-12/IL-12 R deficiency) are prone to developing Salmonella
infections. Although MSMDs are very rare, they should be considered
in any patient with persistent mycobacterial infection. Treatment with
IFN-γ may efficiently bypass an IL-12/IL-12R deficiency.
TOLL-LIKE RECEPTOR (TLR) PATHWAY DEFICIENCIES
In a certain group of patients with early-onset, invasive Streptococcus
pneumoniae infections or (less frequently) Staphylococcus aureus or
other pyogenic infections, conventional screening for PIDs does not
identify the cause of the defect in host defense. It has been established
that these patients carry recessive mutations in genes that encode
essential adaptor molecules (IRAK4 and MYD88) involved in the
signaling pathways of the majority of known Toll-like receptors
(TLRs) (Chap. 372e). Remarkably, susceptibility to infection appears
to decrease after the first few years of life—perhaps an indication that
adaptive immunity (once triggered by an initial microbial challenge) is
then able to prevent recurrent infections.
Certain TLRs (TLR-3, -7, -8, and -9) are involved in the recognition
of RNA and DNA and usually become engaged during viral infections. Very specific susceptibility to herpes simplex encephalitis has
been described in patients with a deficiency in Unc93b (a molecule
associated with TLR-3, -7, -8, and -9 required for correct subcellular
localization), TLR-3, or associated signaling molecules TRIF, TBK1,
and TRAF3, resulting in defective type I IFN production. The fact that
no other TLR deficiencies have been found—despite extensive screening of patients with unexplained, recurrent infections—strongly suggests that these receptors are functionally redundant. Hypomorphic
mutations in NEMO/IKK-γ (a member of the NF-κB complex, which
is activated downstream of TLR receptors) lead to a complex, variable
immunodeficiency and a number of associated features. Susceptibility
to both invasive, pyogenic infections and mycobacteria may be
observed in this particular setting.
COMPLEMENT DEFICIENCY
The complement system is composed of a complex cascade of plasma
proteins (Chap. 372e) that leads to the deposition of C3b fragments
on the surface of particles and the formation of immune complexes
that can culminate in the activation of a lytic complex at the bacterial
surface. C3 cleavage can be mediated via three pathways: the classic,
alternate, and lectin pathways. C3b coats particles as part of the opsonization process that facilitates phagocytosis following binding to cognate receptors. A deficiency in any component of the classic pathway
(C1q, C1r, C1s, C4, and C2) can predispose an individual to bacterial
infections that are tissue-invasive or that occur in the respiratory tract.
Likewise, a C3 deficiency or a deficiency in factor I (a protein that
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