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Abstract

Primary humoral immune deficiencies are characterized by limited antibody responses secondary
to either impaired B-lymphocyte development or B-cell responses to T-lymphocyte signals. Given
that the gastrointestinal tract is the largest lymphoid organ in the body, it is not surprising that
intestinal diseases are common in immunodeficiency. These gastrointestinal diseases can be
classified into one of 4 groups, infection, malignancy, inflammatory, and autoimmune, and can
mimic other known disease processes, such as inflammatory bowel disease and celiac sprue. The
exact pathogenesis of these gastrointestinal disorders in the setting of systemic immunodeficiency
is still under investigation. However, studies suggest that defects in antibody deficiency alone do
not result in gastrointestinal disease but rather that defects in cellular immunity are also involved.
Treatment is difficult given an already immunocompromised state, and often therapy with
immunomodulators is required for more severe processes.
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The mucosal immune system of the gastrointestinal tract faces distinct challenges in the
form of commensal bacteria and dietary antigens daily. However, the system must maintain
its integrity and be able to distinguish between harmful pathogens and normal intestinal
flora. The intestine is the largest lymphoid organ in the body, housing more cells and being
the site of greatest production of antibody (secretory IgA) in the body for protection against
foreign antigens. T lymphocytes function to regulate the immune response toward viruses,
intracellular bacteria, and parasites, whereas B lymphocytes function to protect against
bacterial organisms and produce immunoglobulins. In addition, secreted factors, such as
gastric acid, lysozyme, lactoferrin, and mucin, serve as innate defenses and further
contribute to antimicrobial activities.

Unlike the systemic immune system, where foreign proteins, carbohydrates, and lipids are
viewed as potential pathogens and eventually destroyed, the microenvironment and
macroenvironment of the gastrointestinal tract is continuously exposed to bacteria, viruses,
and parasites but maintains a balance between active immunity, tolerance, and immune
suppression. Dysregulation of this controlled/physiologic inflammation in the gut can lead to
mucosal injury and diseases such as inflammatory bowel disease (IBD), food allergy, or
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celiac sprue. Therefore it is not surprising that gastrointestinal disease is a common
manifestation in patients with an underlying immunodeficiency in whom there is
dysregulation in humoral immunity, cell-mediated immunity, or both.

GASTROINTESTINAL DISEASE IN THE SETTING OF SYSTEMIC
IMMUNODEFICIENCY

XLA

Primary antibody deficiencies are the most common form of primary immunodeficiency
diseases. The spectrum of immune deficiency is wide, ranging from a complete lack of B
cells and absent serum immunoglobulins in X-linked agammaglobulinemia (XLA) to a
reduction in only specific immunoglobulin isotypes, such as in selective IgA deficiency.
Despite this broad difference in immunity, the antibody deficiency syndromes share clinical
manifestations, such as recurrent sinopulmonary infections, autoimmunity, and
gastrointestinal disease.

There are 4 major types of gastrointestinal manifestations associated with humoral
immunodeficiencies: infection, malignancy, inflammatory, and autoimmunity (Table I).
Treatment for antibody deficiency syndromes is the administration of immunoglobulin
(intravenous or subcutaneous), which may reduce the frequency of infections and
autoimmune disease, such as immune thrombocytopenic purpura. However, gastrointestinal
diseases are not treated with immunoglobulin because preparations contain 1gG, which
cannot reach the lumen of the intact gut, and very little IgA or IgM. Treatment with oral
immunoglobulin has not been successful because 1gG is rapidly destroyed before reaching
the small intestine. Currently, treatment for gastrointestinal manifestations in antibody
deficiency syndromes is guided by successful therapy used for similar disorders in
immunocompetent patients, with additional caution when immunosuppressive agents are
administered. In this review we will discuss 3 major primary immunodeficiencies and
highlight the gastrointestinal manifestations associated with these disorders. The incidence
of these manifestations ranged from 20% to 60% in past reviews.1=" Our discussion is
limited to antibody deficiency syndromes, although patients with combined T- and B-cell
immunodeficiencies, such as severe combined immunodeficiency, or defects in innate
immunity, such as chronic granulomatous disease, also have gastrointestinal disease. These
immunodeficiency syndromes can be further reviewed in the literature; however, we have
included them and their associated gastrointestinal manifestations in Table |1 1:3-6.8-60 35 3
reference.

XLA is an intrinsic B-cell disorder resulting from a defect in Bruton tyrosine kinase, an
intracellular kinase, which leads to the maturation arrest of pre-B cells and subsequent
failure to generate mature B cells.®1 Laboratory findings include profound reductions in all
classes of immunoglobulins and extremely low to absent circulating B cells. Serum IgG
levels are usually less than 200 mg/dL, and IgM and IgA levels are less than 20 mg/dL.
Peripheral blood CD19* B-cell counts are commonly less than 0.1%.8:62 The diagnosis of
XLA is usually made after 4 months of age, when maternal antibodies are degraded and the
infant develops recurrent sinopulmonary and/or gastrointestinal infections.

Compared with other antibody deficiency syndromes, patients with XLA present with
gastrointestinal symptoms less often, presumably because T-cell dysfunction present in other
immunodeficiency syndromes drives intestinal disease, and in patients with XLA, T-cell
function is generally preserved. Therefore disorders such as chronic malabsorption and
villous atrophy are rare in patients with XLA when compared with those with common
variable immunodeficiency (CVID), as described below. However, XLA patients who do
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have gastrointestinal manifestations usually present with chronic diarrhea and may have
malabsorption.#6:9 Cases of infectious diarrhea, most commonly caused by Giardia lamblia,
followed by Salmonella species, Campylobacter species, and rotavirus, have been reported
in patients with XLA and are likely caused by diminished antibody against gut flora. 4910
Another type of infection that can often begin in the gut is an enteroviral infection, such as
coxsackievirus and echovirus. Case reports of patients with XLA with enteroviral infections
leading to severe neurologic defects have been reported, making this infection clinically
important to recognize. 11:12.63 Rare cases of gastric adenocarcinoma, colorectal cancer, and
Crohn-like disease occurring in the small bowel in patient with XLA have also been
described.13:64-66 |ntestinal biopsy specimens demonstrate a normal morphology and a lack
of plasma cells in the lamina propria. There are no germinal centers in the gut-associated
lymphoid tissues, and nodular lymphoid hyperplasia (NLH) does not develop, which is in
contrast to its common occurrence in other primary antibody deficiencies described below.

Selective IgA deficiency

Selective IgA deficiency is the most common primary immunodeficiency.52 The majority of
IgA-deficient patients are asymptomatic, although the absence of IgA has been associated
with the development of recurrent infections and autoimmune diseases (possibly in
association with IgG subclass deficiency).87:68 Patients with concurrent 1gG2 deficiency
tend to be more symptomatic and present with frequent upper respiratory tract infections and
diarrhea.59.70 The serum IgA level is usually very low to absent (often <5 mg/dL), with
normal 1gG and IgM levels. Secretory IgA levels are often reduced as well. The
pathogenesis of disease is defective terminal maturation of B cells into IgA-secreting plasma
cells, causing reduced amounts of serum and mucosal 1gA but normal serum 1gG and IgM
levels.”t T-cell immunity, as well as natural killer cell activity, appears normal in patients
with selective IgA deficiency.’?

Secretory 1gA plays a major role in excluding antigens entering through the mucosal route.
Despite IgA being the major antibody in the intestinal mucosa, the prevalence of
gastrointestinal disorders in patients with IgA deficiency is not as high as would be
expected. It is thought that IgM, which can be transported from the mucosa into the
intestinal lumen by the polymeric immunoglobulin receptor, might compensate for the lack
of 1gA, although several studies have challenged this idea because IgM is rapidly degraded
in the intestine.”3-7> Asymptomatic patients with IgA deficiency are generally not treated.52
If patients manifest gastrointestinal tract disease in the setting of IgA deficiency, they should
be treated the same as a patient without this immunodeficiency.

Gastrointestinal infections leading to chronic diarrhea and steatorrhea occur with an
increased frequency in patients with IgA deficiency commonly related to G lamblia.l G
lamblia cysts, once ingested, excyst and give rise to trophozoites, which colonize the small
intestine and cause abdominal cramping, bloating, excessive flatus, and watery diarrhea.
Steatorrhea and villous flattening from chronic infection occur because of effacement of the
mucosa and disruption of the absorptive capacity for lipids and carbohydrates. The extent of
mucosal damage appears to be related to the duration of infection, and some epithelial
damage might be irreversible. Luminal IgA might play a role in clearance of this parasite
because studies have shown trophozoites on jejunal biopsy specimens from infected patients
that stain positively with fluorescein-conjugated anti-human IgA. Presumably the lack of
secretory IgA in these patients allows for attachment and proliferation of the organism on
the intestinal epithelium, although mouse models have suggested that the actual clearance of
this organism is T-cell mediated.”® The diagnosis is made based on the results of stool
examination for cysts or trophozoites of G lamblia; however, duodenal aspirates can yield
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more positive findings. Giardia species infections can be treated with metronidazole but are
often unremitting in IgA-deficient patients.

There is a 10- to 20-fold increased risk for celiac disease in patients with IgA deficiency,
although the association of these 2 diseases might have a genetic basis because there is
sharing of certain HLA-extended haplotypes. Genetic studies demonstrate that 1 important
susceptibility locus between celiac disease with IgA deficiency is the ancestral haplotype
HLA-A1, Cw7, B8, DR3, DQ2.14-16.77 However, given the relatively high incidence of IgA
deficiency and celiac disease independently, their co-occurrence might be purely
coincidental. Secretory IgA can bind to wheat gluten and gliadin; thus in the absence of IgA,
there might be abnormal handling of these antigens. IgA-deficient patients with celiac
disease demonstrate villous flattening or atrophy on histopathology similar to that seen in
nonimmunodeficient patients with celiac disease. Likewise, the gastrointestinal pathology in
patients with IgA deficiency and celiac disease responds to a gluten-free diet.”879 In
contrast, the specific IgA-class antibodies against gliadin, endomysium, and tissue
transglutaminase are not produced in IgA-deficient patients, and IgA-secreting plasma cells
are absent in intestinal biopsy specimens, 14.17.80-82 making detection of disease and
monitoring of therapy challenging. However, serum IgG tissue transglutaminase levels are
increased in IgA-deficient patients with coexisting celiac disease and can be used as a
diagnostic marker.83

Another intestinal abnormality in patients with IgA deficiency is NLH. The diagnosis is
made by means of small-bowel enteroscopy or contrast barium studies. These nodules can
occur individually but are usually multiple in number and commonly 5 mm or greater in
size. They are found largely in the lamina propria, superficial submucosa of the small
intestine, or both but occasionally occur in the large intestine, rectum, or stomach. The
lesions can be associated with mucosal flattening, leading to malabsorption, and if large
enough, the nodules can cause obstruction. Immunohistochemical analyses have
demonstrated that these nodules contain large amounts of IgM-bearing cells, suggesting but
not proving that this represents an attempt by the intestine to compensate for the absent
IgA.18 NLH reported in patients with IgA deficiency can occur with or without giardiasis
and leads to diarrhea and further malabsorption, which might be difficult to treat, although
the nodules are exquisitely sensitive to oral steroids.1? In the setting of IgA deficiency, NLH
has been associated but not proved to be a source of the lymphomas (usually of B-cell
origin) 84 and gastric carcinomas.3®

Other associations between IgA deficiency and gastrointestinal diseases include lymphomas,
pernicious anemia, 8%:86 Crohn disease,87-88 ulcerative colitis,39 chronic hepatitis,® and
biliary cirrhosis,®! although the actual prevalence of each is not well defined in the
literature.

CVID is the most common symptomatic primary immunodeficiency. The diagnosis of
CVID is established based on reduced levels of 2 serum immunoglobulins (ie, IgG and IgA,
IgM, or both) at least 2 standard deviations below the age-specific mean values in addition
to impaired specific antibody production in response to vaccination in vivo or recent
infections.52 It is the failure of B cells to develop normally and differentiate into plasma
cells that leads to diminished production of antibody in this disorder.

The molecular basis of CVID is complex, involving defects in both humoral and cell-
mediated immunity. B-cell maturation is abnormal, and impaired somatic hypermutation and
a lack of isotype-switched memory B cells have been demonstrated.92-94 Several genes have
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emerged in family studies, including mutations of the costimulatory molecule inducible
costimulator (ICOS),% CD19,% and the receptor of B-cell activation factor (BAFF).97
Mutations in the gene encoding TACI, a transmembrane activator and calcium-modulating
ligand interactor, expressed on mature B cells are found in 7% to 10% of patients.98.99
Impaired T-cell function (proliferation) and signaling have also been reported, including
abnormalities in expression and function of the T-cell receptor.100 Defective cytokine
production in patients with CVID has been extensively studied; subgroups of patients with
CVID have shown increased plasma TNF, IL-7, and IL-4 levels and reduced levels of IL-10,
IL-2, and IEN-y,101-105

Because of the complex proposed pathogenetic mechanisms for this disease, CVID is a
heterogeneous disorder presenting with a variety of clinical manifestations. Most common
are recurrent sinopulmonary infections, although autoimmunity and gastrointestinal disease
are also quite prevalent and may be the initial presentation of CVID.13:20 Unlike patients
with XLA and IgA deficiency, gastrointestinal disease is more common in patients with
CVID, further suggesting that T-cell dysfunction contributes to the pathogenesis of intestinal
disease. Why some patients with CVID have gastrointestinal disease and others do not is
still not well understood. Studies have demonstrated that although there are considerable
numbers of early B cells found in the intestinal tract, there is an absence of plasma cells and
a generalized lack of all immunoglobulin-staining cells, especially IgA.106

Similar to other primary immunodeficiencies, diarrhea is reported as a common
gastrointestinal manifestation associated with CVID. A recent study found that
gastrointestinal infections were more frequent in patients with undetectable serum IgA levels
(47 [36%] of 131 patients) compared with patients with residual IgA production, further
explaining why diarrhea does not improve in patients receiving treatment with intravenous
immunoglobulin (IVIG; which does not replace IgA or IgM 107). Hermans et al18 reported
that 60% of patients with CVID had chronic diarrhea with steatorrhea, giardiasis, or both;
achlorhydria; an abnormal Schilling test result; or morphologic abnormalities on small
intestinal biopsy. Hermaszewski and Webster® reported 40% of their patients with CVID
having diarrhea with or without malabsorption. In another large study of 248 patients with
CVID, 53 (21%) reported gastrointestinal disease.3 A more recent study of Italian patients
with CVID, found chronic diarrhea in 23% of patients at the time of diagnosis, and in a
study reported from Iran, this was found in 56.6% of patients.10.109

G lamblia has been reported as a common cause of diarrhea associated with CVID.
Treatment with metronidazole is generally effective but often requires a prolonged course,
and patients exhibit a high relapse rate, reflecting the inability of the immunodeficient
patient to eradicate this organism. Other pathogens, such as Cryptosporidium parvum,
cytomegalovirus, Salmonella species, Clostridium difficile, and Campylobacter jejuni have
also been implicated as a cause of diarrhea. Symptoms include watery diarrhea and
abdominal cramping. The stool culture is not especially sensitive, but duodenal aspirates/
biopsy specimens reveal organisms attached to surface epithelium. Given the frequency of
antibiotic use in these patients for upper respiratory tract infections, it is reasonable to
suspect C difficile as a cause of intractable diarrhea. However, C difficile is not reported
frequently in patients with CVID, possibly because of underreporting and symptomatic
treatment. In addition, monthly infusions of IVIG containing high antibody titers against C
difficile might reduce the incidence of this infection,110:111

Helicobacter pylori infection is commonly found in patients with CVID and might account
for the incidence of chronic gastritis seen in approximately a third of patients.10? Given the
association between H pylori and gastric carcinoma and lymphoma,112 routine screening and
eradication is appropriate.
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Another common manifestation observed in 24% to 50% of duodenal samples from patients
with CVID is villous flattening in the small intestine. This appears to be an immune-
mediated/ inflammatory phenomenon grossly resembling what is seen in celiac
sprue.13:21.22,108 Although bacterial overgrowth is reported in CVID, it does not appear to
be associated with this villous flattening.13 The villous atrophy can lead to malabsorption
with weight loss, diarrhea, and associated findings, such as hypoalbuminemia, anemia, and
low blood CD4* lymphocyte levels.2 Despite its gross resemblance to celiac disease,
several features distinguish the villous flattening of celiac disease from that seen in
association with CVID. First, plasma cells are absent in intestinal biopsy specimens from
patients with CVID, whereas in classic celiac disease, plasma cells are increased along with
an increase in secreted IgA and IgMantibody. Second, in patients with CVID,
serumantibodies against gliadin, reticulin, tissue transglutaminase, and endomysium are not
detected secondary to poor antibody production. Third, gluten withdrawal is ineffective in
patients with CVID and villous flattening, allowing for persistent malabsorption and weight
loss. The poor response to gluten withdrawal supports an alternate pathogenesis for this
disorder. Patients should have adequate replacement with water-soluble vitamins and
antiresorptives for prevention of osteoporosis. In severe cases of malabsorption, an
elemental diet or total parenteral nutrition may be required (although an indwelling catheter
is a source for infection).22 Given that this syndrome is not caused by bacterial overgrowth,
treatment with antibiotics is often futile. Low-dose corticosteroids can be used with caution;
however, higher doses can lead to a significant risk of opportunistic infections.

Inflammation of the small and large intestine is reported to be present in 2% to 13% of
patients with CVID.>113 Hermaszweski and Webster* reported a prevalence of IBD in
patients with CVID of 4%, with both Crohn-like and ulcerative colitis-like diseases
observed. The IBD in patients with CVID is distinct from classic IBD and shares histologic
features consistent with lymphocytic colitis,114 collagenous colitis,11® and colitis associated
with graft-versus-host disease®? Clinically, these inflammatory disorders present with
diarrhea, rectal bleeding, and abdominal pain. It appears that patients with CVID may be
predisposed to develop IBD-like disease because treatment with immunoglobulin does not
reverse the colitis, suggesting that this predisposition toward inflammation is driven by T
cells or other immunoregulatory defects.323 This has been supported by several studies.
Most recently, Mannon et al?3 demonstrated diffuse histologic inflammatory changes in
duodenal and colonic mucosa, including villous flattening, increased lamina propria and
intraepithelial lymphocytes, and epithelial apoptosis, in patients with CVID with
gastrointestinal symptoms. In addition, lamina propriamononuclear cells from these
symptomatic patients with CVID produced significantly higher levels of IFN-y and IL-12.
When this was compared to cytokines produced by lamina propria mononuclear cells from
patients with Crohn disease, the patients with CVID did not produce the cytokines IL-23,
IL-17, or TNF-a, as seen in patients with Crohn disease, suggesting an alternate pathway of
inflammation. The management of IBD occurring in association with CVID is generally the
same as for immunocompetent patients, although gut inflammation in patients with CVID
might be more difficult to control. Antibiotics, such as metronidazole or ciprofloxacin; anti-
inflammatory agents, such as 5-aminosalicylic acid; and rapidly metabolized steroids
(budesonide)116 or suppositories can be used. Immunomodulators, such as azathioprine/6-
mercaptopurine, can be used safely given the fact that the doses used are too low to affect T-
and B -cell function. Several groups have demonstrated improvement by using infliximab
with careful monitoring for fungal infections in patients with severe T-cell defects, 105117

NLH, especially in the small intestine, has been observed in 8% of patients with CVID in a
recent study.10° The cause is still unknown, but it is thought that the lymphoid hyperplasia is
a compensatory response to the antibody deficiency, although treatment with IVIG has not
been shown to correct this. Immunofluorescence studies demonstrate an expanded
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population of B lymphocytes but few or no plasma cells. In most cases, no treatment is
required; however, hyperplasia can be associated with mucosal flattening, causing
malabsorption, diarrhea, and weight loss, and large nodules can lead to intestinal
obstruction. In the past, Giardia species infections were thought to be the cause of the
lymphoid nodules, although Hermans et al'%8 were not able to demonstrate the
disappearance of the nodules despite treatment with metronidazole. NLH can persist
unchanged for years, and whether this precedes the development of intestinal lymphoma in
patients with CVID remains controversial.>114

The cause of bacterial overgrowth in humoral immunodeficiency might be related to
decreased luminal antibody (specifically IgA) in the small bowel. Overgrowth can be
diagnosed based on breath tests and a clinical response to antibiotic therapy. Many patients
have concurrent achlorhydria and atrophic gastritis with pernicious anemia. Pernicious
anemia should be evaluated in patients with CVID reporting numbness in the extremities
and signs of B12 deficiency. The diagnosis of pernicious anemia in patients with CVID is
often made at an early age; 20 years earlier compared with a patient who is
immunocompetent with classic pernicious anemia. 24 Because of the lack of antibody
production in patients with CVID, no autoantibodies to intrinsic factor or parietal cells are
detected in CVID-associated pernicious anemia, suggesting that a T cell-mediated process
might be involved. On biopsy, there is gastric atrophy and lymphocytic infiltration in the
mucosa with an absence of plasma cells in patients with CVID.24 Treatment in patients with
CVID, however, is similar to that in those with classic pernicious anemia, with monthly
replacement of B12 and monitoring of the gastric mucosa for changes associated with
malignancy.2

Previously, patients with CVID were identified to be at increased risk for viral hepatitis,
possibly hepatitis C, acquired through blood-borne contamination of IVIG therapy.3:4118.119
Today, the risk for hepatitis C virus is reduced with improvements in the screening of blood
products; however, patients with CVID and chronic hepatitis C virus appear to be at
increased risk for the development of cirrhosis or acute liver failure.26:27 Liver disease,
including primary biliary cirrhosis and what appears to be autoimmune hepatitis, has been
observed in patients with CVID with persistently increased liver enzyme levels.3:4120.121 |
a recent histologic investigation of 10 patients with CVID with increased liver enzyme
levels, hepatomegaly, and/or splenomegaly, biopsy specimens demonstrated mild portal and
mild-to-moderate lobular chronic inflammation, and in all specimens plasma cells were
absent. 28 Four patients had small numbers of scattered portal granulomas, lobular
granulomas, or both, and 3 of these patients had a coexisting diagnosis of sarcoidosis. The
cause of this “CVID hepatitis” is not clear, but the investigators speculate that it is a
consequence of chronic inflammation of the gastrointestinal tract with excessive
translocation of luminal antigens into the liver.

CONCLUSION

Patients with humoral immunodeficiency would benefit from routine evaluation of the gut
given the frequency of gastrointestinal manifestations. Often these gastrointestinal disorders
resemble classic forms of diseases, such as ulcerative colitis or celiac sprue, but they lack
characteristic features typical of the classic disease, suggesting an alternate pathogenesis.
These intestinal diseases do not necessarily correlate with the severity of underlying
immunodeficiency, and treatment of the antibody deficiency with replacement
immunoglobulin in most cases does not reverse progression of the gastrointestinal disease.
Other immunodeficiency disorders, such as severe combined immunodeficiency, chronic
granulomatous disease, and Wiskott-Aldrich syndrome, although not described here in
detail, also present with gastrointestinal manifestations. Therefore patients presenting with
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unusual or treatment-resistant intestinal disease should be evaluated for primary
immunodeficiency. Prompt recognition and diagnosis of gastrointestinal disease in cases of
immunodeficiency syndromes will improve the quality of life and prevent long-term
sequelae, although further studies are needed to optimize therapy for this unique group of
patients.

Abbreviations used

CVID Common variable immunodeficiency
IBD Inflammatory bowel disease
IVIG Intravenous immunoglobulin
NLH Nodular lymphoid hyperplasia
XLA X-linked agammaglobulinemia
REFERENCES
1. Ammann AJ, Hong R. Selective IgA deficiency: presentation of 30 cases and a review of the

literature. Medicine (Baltimore). 1971; 50:223-236. [PubMed: 4938275]

. Cunningham-Rundles C. Clinical and immunologic analyses of 103 patients with common variable

immunodeficiency. J Clin Immunol. 1989; 9:22-33. [PubMed: 2784795]

. Cunningham-Rundles C, Bodian C. Common variable immunodeficiency: clinical and

immunological features of 248 patients. Clin Immunol. 1999; 92:34-48. [PubMed: 10413651]

. Hermaszewski RA, Webster AD. Primary hypogammaglobulinemia: a survey of clinical

manifestations and complications. QIM. 1993; 86:31-42. [PubMed: 8438047]

. Khodadad A, Aghamohammadi A, Parvaneh N, Rezaei N, Mahjoob F, Bashashati M, et al.

Gastrointestinal manifestations in patients with common variable immunodeficiency. Dig Dis Sci.
2007; 52:2977-2983. [PubMed: 17431775]

. Lederman HM, Winkelstein JA. X-linked agammaglobulinemia: an analysis of 96 patients.

Medicine (Baltimore). 1985; 64:145-156. [PubMed: 2581110]

. Lai Ping So A, Mayer L. Gastrointestinal manifestations of primary immunodeficiency disorders.

Semin Gastrointest Dis. 1997; 8:22-32. [PubMed: 9000499]

. Conley ME, Rohrer J, Minegishi Y. X-linked agammaglobulinemia. Clin Rev Allergy Immunol.

2000; 19:183-204. [PubMed: 11107501]

. Winkelstein JA, Marino MC, Lederman HM, Jones SM, Sullivan K, Burks AW, et al. X-linked

agammaglobulinemia: report on a United States registry of 201 patients. Medicine (Baltimore).
2006; 85:193-202. [PubMed: 16862044]

10. Atarod L, Raissi A, Aghamohammadi A, Farhoudi A, Khodadad A, Moin M, et al. A review of

gastrointestinal disorders in patients with primary antibody immunodeficiencies during a 10-year
period (1990-2000), in Children Hospital Medical Center. Iran J Allergy Asthma Immunol. 2003;
2:75-79. [PubMed: 17301360]

11. Cellier C, Foray S, Hermine O. Regional enteritis associated with enterovirus in a patient with X-

linked agammaglobulinemia. N Engl J Med. 2000; 342:1611-1612. [PubMed: 10841685]

12. Misbah SA, Spickett GP, Ryba PC, Hockaday JM, Kroll JS, Sherwood C, et al. Chronic enteroviral

meningoencephalitis in agammaglobulinemia: case report and literature review. J Clin Immunol.
1992; 12:266-270. [PubMed: 1512300]

13. Washington K, Stenzel TT, Buckley RH, Gottfried MR. Gastrointestinal pathology in patients with

common variable immunodeficiency and X-linked agammaglobulinemia. Am J Surg Pathol. 1996;
20:1240-1252. [PubMed: 8827031]

14. Collin P, Maki M, Keyrilainen O, Hallstrom O, Reunala T, Pasternack A. Selective IgA deficiency

and coeliac disease. Scand J Gastroenterol. 1992; 27:367-371. [PubMed: 1529270]

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal and Mayer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 9

Heneghan MA, Stevens FM, Cryan EM, Warner RH, McCarthy CF. Celiac sprue and
immunodeficiency states: a 25-year review. J Clin Gastroenterol. 1997; 25:421-425. [PubMed:
9412941]

Meini A, Pillan NM, Villanacci V, Monafo V, Ugazio AG, Plebani A. Prevalence and diagnosis of
celiac disease in IgA-deficient children. Ann Allergy Asthma Immunol. 1996; 77:333-336.
[PubMed: 8885812]

Cataldo F, Marino V, Ventura A, Bottaro G, Corazza GR. Prevalence and clinical features of
selective immunoglobulin A deficiency in coeliac disease: an Italian multicentre study Italian
Society of Paediatric Gastroenterology and Hepatology (SIGEP) and “Club del Tenue” Working
Groups on Coeliac Disease. Gut. 1998; 42:362-365. [PubMed: 9577342]

Jacobson KW, deShazo RD. Selective immunoglobulin A deficiency associated with modular
lymphoid hyperplasia. J Allergy Clin Immunol. 1979; 64:516-521. [PubMed: 512269]

Piascik M, Rydzewska G, Pawlik M, Milewski J, Furmanek MI, Wronska E, et al. Diffuse nodular
lymphoid hyperplasia of the gastrointestinal tract in patient with selective immunoglobulin A
deficiency and sarcoid-like syndrome—case report. Adv Med Sci. 2007; 52:296-300. [PubMed:
18217437]

Kalha I, Sellin JH. Common variable immunodeficiency and the gastrointestinal tract. Curr
Gastroenterol Rep. 2004; 6:377-383. [PubMed: 15341713]

Luzi G, Zullo A, lebba F, Rinaldi V, Sanchez Mete L, Muscaritoli M, et al. Duodenal pathology
and clinical-immunological implications in common variable immunodeficiency patients. Am J
Gastroenterol. 2003; 98:118-121. [PubMed: 12526946]

Teahon K, Webster AD, Price AB, Weston J, Bjarnason |. Studies on the enteropathy associated
with primary hypogammaglobulinemia. Gut. 1994; 35:1244-1249. [PubMed: 7959231]

Mannon PJ, Fuss IJ, Dill S, Friend J, Groden C, Hornung R, et al. Excess IL-12 but not 1L-23
accompanies the inflammatory bowel disease associated with common variable
immunodeficiency. Gastroenterology. 2006; 131:748-756. [PubMed: 16952544]

Twomey JJ, Jordan PH, Jarrold T, Trubowitz S, Ritz ND, Conn HO. The syndrome of
immunoglobulin deficiency and pernicious anemia. A study of ten cases. Am J Med. 1969;
47:340-350. [PubMed: 4185520]

Twomey JJ, Jordan PH Jr. Laughter AH, Meuwissen HJ, Good RA. The gastric disorder in
immunoglobulin-deficient patients. Ann Intern Med. 1970; 72:499-504. [PubMed: 4191178]
Ermis F, Akyuz F, Demir K, Besisik F, Boztas G, Mungan Z. Rapidly progressive HCV cirrhosis
in a hypogammaglobulinemic patient. Intern Med. 2008; 47:415-417. [PubMed: 18310973]
Sumazaki R, Matsubara T, Aoki T, Nagai Y, Shibasaki M, Takita H. Rapidly progressive hepatitis
C in a patient with common variable immunodeficiency. Eur J Pediatr. 1996; 155:532-534.
[PubMed: 8831072]

Daniels JA, Torbenson M, Vivekanandan P, Anders RA, Boitnott JK. Hepatitis in common
variable immunodeficiency. Hum Pathol. 2009; 40:484-488. [PubMed: 19084266]

Cardinale F, Friman V, Carlsson B, Bjorkander J, Armenio L, Hanson LA. Aberrations in titer and
avidity of serum IgM and IgG antibodies to microbial and food antigens in IgA deficiency. Adv
Exp Med Biol. 1995; 371B:713-716. [PubMed: 7502882]

Cunningham-Rundles C, Siegal FP, Cunningham-Rundles S, Lieberman P. Incidence of cancer in
98 patients with common varied immunodeficiency. J Clin Immunol. 1987; 7:294-299. [PubMed:
3611296]

Daniels JA, Lederman HM, Maitra A, Montgomery EA. Gastrointestinal tract pathology in patients
with common variable immunodeficiency (CVID): a clinico-pathologic study and review. Am J
Surg Pathol. 2007; 31:1800-1812. [PubMed: 18043034]

Nos P, Bastida G, Beltran B, Aguas M, Ponce J. Crohn’s disease in common variable
immunodeficiency: treatment with antitumor necrosis factor alpha. Am J Gastroenterol. 2006;
101:2165-2166. [PubMed: 16968516]

Onbasi K, Gunsar F, Sin AZ, Ardeniz O, Kokuludag A, Sebik F. Common variable
immunodeficiency (CVID) presenting with malabsorption due to giardiasis. Turk J Gastroenterol.
2005; 16:111-113. [PubMed: 16252205]

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal and Mayer

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 10

Sawatzki M, Peter S, Hess C. Therapy-resistant diarrhea due to Giardia lamblia in a patient with
common variable immunodeficiency disease. Digestion. 2007; 75:101-102. [PubMed: 17598960]

Mir-Madjlessi SH, Vafai M, Khademi J, Kamalian N. Coexisting primary malignant lymphoma
and adenocarcinoma of the large intestine in an IgA-deficient boy. Dis Colon Rectum. 1984;
27:822-824. [PubMed: 6389052]

Conley ME, Parolini O, Rohrer J, Campana D. X-linked agammaglobulinemia: new approaches to
old questions based on the identification of the defective gene. Immunol Rev. 1994; 138:5-21.
[PubMed: 8070817]

Barton LL, Moussa SL, Villar RG, Hulett RL. Gastrointestinal complications of chronic
granulomatous disease: case report and literature review. Clin Pediatr (Phila). 1998; 37:231-236.
[PubMed: 9564572]

Huang A, Abbasakoor F, Vaizey CJ. Gastrointestinal manifestations of chronic granulomatous
disease. Colorectal Dis. 2006; 8:637-644. [PubMed: 16970572]

Marciano BE, Rosenzweig SD, Kleiner DE, Anderson VL, Darnell DN, Anaya-O’Brien S, et al.
Gastrointestinal involvement in chronic granulomatous disease. Pediatrics. 2004; 114:462-468.
[PubMed: 15286231]

Rosh JR, Tang HB, Mayer L, Groisman G, Abraham SK, Prince A. Treatment of intractable
gastrointestinal manifestations of chronic granulomatous disease with cyclosporine. J Pediatr.
1995; 126:143-145. [PubMed: 7815206]

Wang J, Mayer L, Cunningham-Rundles C. Use of GM-CSF in the treatment of colitis associated
with chronic granulomatous disease. J Allergy Clin Immunol. 2005; 115:1092-1094. [PubMed:
15867874]

Folwaczny C, Ruelfs C, Walther J, Konig A, Emmerich B. Ulcerative colitis in a patient with
Wiskott-Aldrich syndrome. Endoscopy. 2002; 34:840-841. [PubMed: 12244510]

Hsieh KH, Chang MH, Lee CY, Wang CY. Wiskott-Aldrich syndrome and inflammatory bowel
disease. Ann Allergy. 1988; 60:429-431. [PubMed: 3369753]

Ochs HD, Thrasher AJ. The Wiskott-Aldrich syndrome. J Allergy Clin Immunol. 2006; 117:725—
739. [PubMed: 16630926]

Buckley RH. Primary cellular immunodeficiencies. J Allergy Clin Immunol. 2002; 109:747-757.
[PubMed: 11994695]

Antachopoulos C, Walsh TJ, Roilides E. Fungal infections in primary immunodeficiencies. Eur J
Pediatr. 2007; 166:1099-1117. [PubMed: 17551753]

Fogarty L. Thrush and septic shock in a two-month-old. Pediatr Infect Dis J. 1996; 15:553-554. 9—
60. [PubMed: 8783361]

Walcott DW, Linehan Tt, Hilman BC, Hershfield MS, el Dahr J. Failure to thrive, diarrhea, cough,
and oral candidiasis in a three-month-old boy. Ann Allergy. 1994; 72:408-414. [PubMed:
8179226]

Ozgur TT, Asal GT, Cetinkaya D, Orhan D, Kilic SS, Usta Y, et al. Hematopoietic stem cell
transplantation in a CD3 gamma-deficient infant with inflammatory bowel disease. Pediatr
Transplant. 2008; 12:910-913. [PubMed: 18482219]

Reith W, Mach B. The bare lymphocyte syndrome and the regulation of MHC expression. Annu
Rev Immunol. 2001; 19:331-373. [PubMed: 11244040]

Villard J, Masternak K, Lisowska-Grospierre B, Fischer A, Reith W. MHC class Il deficiency: a
disease of gene regulation. Medicine (Baltimore). 2001; 80:405-418. [PubMed: 11704716]

Klein C, Cavazzana-Calvo M, Le Deist F, Jabado N, Benkerrou M, Blanche S, et al. Bone marrow
transplantation in major histocompatibility complex class Il deficiency: a single-center study of 19
patients. Blood. 1995; 85:580-587. [PubMed: 7812013]

Klein C, Lisowska-Grospierre B, LeDeist F, Fischer A, Griscelli C. Major histocompatibility
complex class Il deficiency: clinical manifestations, immunologic features, and outcome. J Pediatr.
1993; 123:921-928. [PubMed: 8229525]

Winkelstein JA, Marino MC, Ochs H, Fuleihan R, Scholl PR, Geha R, et al. The X-linked hyper-
IgM syndrome: clinical and immunologic features of 79 patients. Medicine (Baltimore). 2003;
82:373-384. [PubMed: 14663287]

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal and Mayer

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Page 11

Dimicoli S, Bensoussan D, Latger-Cannard V, Straczek J, Antunes L, Mainard L, et al. Complete
recovery from Cryptosporidium parvum infection with gastroenteritis and sclerosing cholangitis
after successful bone marrow transplantation in two brothers with X-linked hyper-IgM syndrome.
Bone Marrow Transplant. 2003; 32:733-737. [PubMed: 13130323]

Kutukculer N, Moratto D, Aydinok Y, Lougaris V, Aksoylar S, Plebani A, et al. Disseminated
Cryptosporidium infection in an infant with hyper-IgM syndrome caused by CD40 deficiency. J
Pediatr. 2003; 142:194-196. [PubMed: 12584544]

Levy J, Espanol-Boren T, Thomas C, Fischer A, Tovo P, Bordigoni P, et al. Clinical spectrum of
X-linked hyper-1gM syndrome. J Pediatr. 1997; 131:47-54. [PubMed: 9255191]

Malhotra RK, Li W. Poorly differentiated gastroenteropancreatic neuroendocrine carcinoma
associated with X-linked hyperimmunoglobulin M syndrome. Arch Pathol Lab Med. 2008;
132:847-850. [PubMed: 18466034]

Zirkin HJ, Levy J, Katchko L. Small cell undifferentiated carcinoma of the colon associated with
hepatocellular carcinoma in an immunodeficient patient. Hum Pathol. 1996; 27:992-996.
[PubMed: 8816900]

Torgerson TR, Ochs HD. Immune dysregulation, polyendocrinopathy, enteropathy, X-linked:
forkhead box protein 3 mutations and lack of regulatory T cells. J Allergy Clin Immunol. 2007;
120:744-752. [PubMed: 17931557]

Tsukada S, Saffran DC, Rawlings DJ, Parolini O, Allen RC, Klisak I, et al. Deficient expression of
a B cell cytoplasmic tyrosine kinase in human X-linked agammaglobulinemia. Cell. 1993; 72:279-
290. [PubMed: 8425221]

Bonilla FA, Bernstein IL, Khan DA, Ballas ZK, Chinen J, Frank MM, et al. Practice parameter for
the diagnosis and management of primary immunodeficiency. Ann Allergy Asthma Immunol.
2005; 94(suppl):SI-S63.

Quartier P, Foray S, Casanova JL, Hau-Rainsard I, Blanche S, Fischer A. Enteroviral
meningoencephalitis in X-linked agammaglobulinemia: intensive immunoglobulin therapy and
sequential viral detection in cerebrospinal fluid by polymerase chain reaction. Pediatr Infect Dis J.
2000; 19:1106-1108. [PubMed: 11099099]

van der Meer JW, Weening RS, Schellekens PT, van Munster IP, Nagengast FM. Colorectal cancer
in patients with X-linked agammaglobulinaemia. Lancet. 1993; 341:1439-1440. [PubMed:
8099142]

Lavilla P, Gil A, Rodriguez MC, Dupla ML, Pintado V, Fontan G. X-linked agammaglobulinemia
and gastric adenocarcinoma. Cancer. 1993; 72:1528-1531. [PubMed: 8348486]

Bachmeyer C, Monge M, Cazier A, Le Deist F, de Saint Basile G, Durandy A, et al. Gastric
adenocarcinoma in a patient with X-linked agammaglobulinaemia. Eur J Gastroenterol Hepatol.
2000; 12:1033-1035. [PubMed: 11007143]

Hammarstrom L, Vorechovsky I, Webster D. Selective IgA deficiency (SIgAD) and common
variable immunodeficiency (CVID). Clin Exp Immunol. 2000; 120:225-231. [PubMed:
10792368]

Schaffer FM, Palermos J, Zhu ZB, Barger BO, Cooper MD, Volanakis JE. Individuals with IgA
deficiency and common variable immunodeficiency share polymorphisms of major
histocompatibility complex class I11 genes. Proc Natl Acad Sci U S A. 1989; 86:8015-8019.
[PubMed: 2573059]

Beard LJ, Ferrante A, Oxelius VA, Maxwell GM. IgG subclass deficiency in children with IgA
deficiency presenting with recurrent or severe respiratory infections. Pediatr Res. 1986; 20:937-
942. [PubMed: 3774407]

Ugazio AG, Out TA, Plebani A, Duse M, Monafo V, Nespoli L, et al. Recurrent infections in
children with “selective” IgA deficiency: association with 1gG2 and 1gG4 deficiency. Birth
Defects Orig Artic Ser. 1983; 19:169-171. [PubMed: 6652237]

Conley ME, Cooper MD. Immature IgA B cells in IgA-deficient patients. N Engl J Med. 1981,
305:495-497. [PubMed: 6973088]

Strannegard O, Bjorkander J, Hanson LA, Hermodsson S. Natural killer cells in common variable

immunodeficiency and selective IgA deficiency. Clin Immunol Immunopathol. 1982; 25:325-334.
[PubMed: 6984377]

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal and Mayer

73.
74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85

86.

87.

88.

89.

90.

9L

92.

Page 12

Bienenstock J. The local immune response. Am J Vet Res. 1975; 36:488-491. [PubMed: 804832]

Mellander L, Bjorkander J, Carlsson B, Hanson LA. Secretory antibodies in IgA-deficient and
immunosuppressed individuals. J Clin Immunol. 1986; 6:284-291. [PubMed: 3489000]

Richman LK, Brown WR. Immunochemical characterization of IgM in human intestinal fluids. J
Immunol. 1977; 119:1515-1519. [PubMed: 894050]

Heyworth MF, Carlson JR, Ermak TH. Clearance of Giardia muris infection requires helper/
inducer T lymphocytes. J Exp Med. 1987; 165:1743-1748. [PubMed: 2953846]

Vorechovsky I, Cullen M, Carrington M, Hammarstrom L, Webster AD. Fine mapping of IGAD1
in IgA deficiency and common variable immunodeficiency: identification and characterization of
haplotypes shared by affected members of 101 multiple-case families. J Immunol. 2000;
164:4408-4416. [PubMed: 10754342]

Klemola T. Immunohistochemical findings in the intestine of 1IgA-deficient persons: number of
intraepithelial T lymphocytes is increased. J Pediatr Gastroenterol Nutr. 1988; 7:537-543.
[PubMed: 3294370]

Mann JG, Brown WR, Kern F Jr. The subtle variable clinical expressions of gluten-induced
enteropathy (adult celiac disease and nontropical sprue). An analysis of twenty-one consecutive
cases. Am J Med. 1970; 48:357-366. [PubMed: 5461629]

Asquith P, Thompson RA, Cooke WT. Serum-immunoglobulins in adult coeliac disease. Lancet.
1969; 2:129-131. [PubMed: 4183244]

Savilahti E. IgA deficiency in children. Immunoglobulin-containing cells in the intestinal mucosa,
immunoglobulins in secretions and serum IgA levels. Clin Exp Immunol. 1973; 13:395-406.
[PubMed: 4633850]

Villalta D, Alessio MG, Tampoia M, Tonutti E, Brusca I, Bagnasco M, et al. Diagnostic accuracy
of IgA anti-tissue transglutaminase antibody assays in celiac disease patients with selective IgA
deficiency. Ann N'Y Acad Sci. 2007; 1109:212-220. [PubMed: 17785308]

Korponay-Szaho IR, Dahlbom I, Laurila K, Koskinen S, Woolley N, Partanen J, et al. Elevation of
1gG antibodies against tissue transglutaminase as a diagnostic tool for coeliac disease in selective
IgA deficiency. Gut. 2003; 52:1567-1571. [PubMed: 14570724]

Magrath, 1.; O’Conor, GT.; Ramot, B.; John, E. Pathogenesis of leukemias and lymphomas:
environmental influences. New York: Raven Press; 1984. Fogarty International Center for
Advanced Study in the Health Sciences, National Cancer Institute (U.S.), Ortho Diagnostics
Systems.

. Ginsberg A, Mullinax F. Pernicious anemia and monoclonal gammopathy in a patient with 1IgA

deficiency. Am J Med. 1970; 48:787-791. [PubMed: 5420566]

Spector JI. Juvenile achlorhydric pernicious anemia with IgA deficiency. A family study. JAMA.
1974; 228:334-336. [PubMed: 4406077]

lizuka M, Itou H, Sato M, Yukawa M, Shirasaka T, Chiba M, et al. Crohn’s disease associated with
selective immunoglobulin a deficiency. J Gastroenterol Hepatol. 2001; 16:951-952. [PubMed:
11555120]

Hodgson HJ, Jewell DP. Selective IgA deficiency and Crohn’s disease: report of two cases. Gut.
1977; 18:644-646. [PubMed: 892610]

Falchuk KR, Falchuk ZM. Selective immunoglobulin a deficiency, ulcerative colitis, and gluten-
sensitive enteropathy—a unique association. Gastroenterology. 1975; 69:503-506. [PubMed:
1150053]

Benbassat J, Keren L, Zlotnic A. Hepatitis in selective IgA deficiency. BMJ. 1973; 4:762-763.
[PubMed: 4758572]

James SP, Jones EA, Schafer DF, Hoofnagle JH, Varma RR, Strober W. Selective immunoglobulin
A deficiency associated with primary biliary cirrhosis in a family with liver disease.
Gastroenterology. 1986; 90:283-288. [PubMed: 2934289]

Andersen P, Permin H, Andersen V, Schejbel L, Garred P, Svejgaard A, et al. Deficiency of
somatic hypermutation of the antibody light chain is associated with increased frequency of severe
respiratory tract infection in common variable immunodeficiency. Blood. 2005; 105:511-517.
[PubMed: 15367430]

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal and Mayer

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

JAl

Page 13

Bonhomme D, Hammarstrom L, Webster D, Chapel H, Hermine O, Le Deist F, et al. Impaired
antibody affinity maturation process characterizes a subset of patients with common variable
immunodeficiency. J Immunol. 2000; 165:4725-4730. [PubMed: 11035117]

Levy Y, Gupta N, Le Deist F, Garcia C, Fischer A, Weill JC, et al. Defect in IgV gene somatic
hypermutation in common variable immuno-deficiency syndrome. Proc Natl Acad Sci U S A.
1998; 95:13135-13140. [PubMed: 9789054]

Grimbacher B, Hutloff A, Schlesier M, Glocker E, Warnatz K, Drager R, et al. Homozygous loss
of ICOS is associated with adult-onset common variable immunodeficiency. Nat Immunol. 2003;
4:261-268. [PubMed: 12577056]

van Zelm MC, Reisli I, van der Burg M, Castano D, van Noesel CJ, van Tol MJ, et al. An
antibody-deficiency syndrome due to mutations in the CD19 gene. N Engl J Med. 2006;
354:1901-1912. [PubMed: 16672701]

Goldacker S, Warnatz K. Tackling the heterogeneity of CVID. Curr Opin Allergy Clin Immunol.
2005; 5:504-509. [PubMed: 16264329]

Castigli E, Wilson SA, Garibyan L, Rachid R, Bonilla F, Schneider L, et al. TACI is mutant in
common variable immunodeficiency and IgA deficiency. Nat Genet. 2005; 37:829-8234.
[PubMed: 16007086]

Salzer U, Chapel HM, Webster AD, Pan-Hammarstrom Q, Schmitt-Graeff A, Schlesier M, et al.
Mutations in TNFRSF13B encoding TACI are associated with common variable
immunodeficiency in humans. Nat Genet. 2005; 37:820-828. [PubMed: 16007087]

. Fischer MB, Hauber I, Eggenbauer H, Thon V, Vogel E, Schaffer E, et al. A defect in the early
phase of T-cell receptor-mediated T-cell activation in patients with common variable
immunodeficiency. Blood. 1994; 84:4234-4241. [PubMed: 7994037]

Ferrer JM, Iglesias J, Hernandez M, Matamoros N. Alterations in interleukin secretion (IL-2 and
IL-4) by CD4 and CD4 CD45RO cells from common variable immunodeficiency (CVI) patients.
Clin Exp Immunol. 1995; 102:286-289. [PubMed: 7586680]

Holm AM, Aukrust P, Aandahl EM, Muller F, Tasken K, Froland SS. Impaired secretion of 1L-10
by T cells from patients with common variable immunodeficiency—involvement of protein
kinase A type 1. J Immunol. 2003; 170:5772-5777. [PubMed: 12759461]

Holm AM, Aukrust P, Damas JK, Muller F, Halvorsen B, Froland SS. Abnormal inter-leukin-7
function in common variable immunodeficiency. Blood. 2005; 105:2887-2890. [PubMed:
15598813]

Fischer MB, Hauber I, Vogel E, Wolf HM, Mannhalter JW, Eibl MM. Defective interleukin-2
and interferon-gamma gene expression in response to antigen in a subgroup of patients with
common variable immunodeficiency. J Allergy Clin Immunol. 1993; 92:340-352. [PubMed:
8349943]

Aukrust P, Lien E, Kristoffersen AK, Muller F, Haug CJ, Espevik T, et al. Persistent activation of
the tumor necrosis factor system in a subgroup of patients with common variable
immunodeficiency—possible immunologic and clinical consequences. Blood. 1996; 87:674-681.
[PubMed: 8555490]

Herbst EW, Armbruster M, Rump JA, Buscher HP, Peter HH. Intestinal B cell defects in common
variable immunodeficiency. Clin Exp Immunol. 1994; 95:215-221. [PubMed: 8306494]
Oksenhendler E, Gerard L, Fieschi C, Malphettes M, Mouillot G, Jaussaud R, et al. Infections in
252 patients with common variable immunodeficiency. Clin Infect Dis. 2008; 46:1547-1554.
[PubMed: 18419489]

Hermans PE, Diaz-Buxo JA, Stobo JD. Idiopathic late-onset immunoglobulin deficiency. Clinical
observations in 50 patients. Am J Med. 1976; 61:221-237. [PubMed: 782241]

Quinti I, Soresina A, Spadaro G, Martino S, Donnanno S, Agostini C, et al. Long-term follow-up
and outcome of a large cohort of patients with common variable immunodeficiency. J Clin
Immunol. 2007; 27:308-316. [PubMed: 17510807]

Leung DY, Kelly CP, Boguniewicz M, Pothoulakis C, LaMont JT, Flores A. Treatment with
intravenously administered gamma globulin of chronic relapsing colitis induced by Clostridium
difficile toxin. J Pediatr. 1991; 118:633-637. [PubMed: 1901084]

lergy Clin Immunol. Author manuscript; available in PMC 2014 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal and Mayer

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Page 14

Salcedo J, Keates S, Pothoulakis C, Warny M, Castagliuolo I, LaMont JT, et al. Intravenous
immunoglobulin therapy for severe Clostridium difficile colitis. Gut. 1997; 41:366-370.
[PubMed: 9378393]

Moss SF, Malfertheiner P. Helicobacter and gastric malignancies. Helicobacter. 2007; 12(suppl
1):23-30. [PubMed: 17727457]

Wood P, Stanworth S, Burton J, Jones A, Peckham DG, Green T, et al. Recognition, clinical
diagnosis and management of patients with primary antibody deficiencies: a systematic review.
Clin Exp Immunol. 2007; 149:410-423. [PubMed: 17565605]

Castellano G, Moreno D, Galvao O, Ballestin C, Colina F, Mollejo M, et al. Malignant lymphoma
of jejunum with common variable hypogammaglobulinemia and diffuse nodular hyperplasia of
the small intestine. A case study and literature review. J Clin Gastroenterol. 1992; 15:128-135.
[PubMed: 1401824]

Byrne MF, Royston D, Patchett SE. Association of common variable immunodeficiency with
atypical collagenous colitis. Eur J Gastroenterol Hepatol. 2003; 15:1051-1053. [PubMed:
12923382]

Elnachef N, McMorris M, Chey WD. Successful treatment of common variable
immunodeficiency disorder-associated diarrhea with budesonide: a case report. Am J
Gastroenterol. 2007; 102:1322-1325. [PubMed: 17531016]

Chua I, Standish R, Lear S, Harbord M, Eren E, Raeiszadeh M, et al. Anti-tumour necrosis factor-
alpha therapy for severe enteropathy in patients with common variable immunodeficiency
(CVID). Clin Exp Immunol. 2007; 150:306-311. [PubMed: 17822445]

Lever AM, Webster AD, Brown D, Thomas HC. Non-A, non-B hepatitis occurring in
agammaglobulinaemic patients after intravenous immunoglobulin. Lancet. 1984; 2:1062-1064.
[PubMed: 6150140]

Razvi S, Schneider L, Jonas MM, Cunningham-Rundles C. Outcome of intravenous
immunoglobulin-transmitted hepatitis C virus infection in primary immunodeficiency. Clin
Immunol. 2001; 101:284-288. [PubMed: 11726220]

Bjoro K, Haaland T, Skaug K, Froland SS. The spectrum of hepatobiliary disease in primary
hypogammaglobulinemia. J Intern Med. 1999; 245:517-524. [PubMed: 10363753]
Fukushima K, Ueno Y, Kanegane H, Yamagiwa Y, Inoue J, Kido O, et al. A case of severe
recurrent hepatitis with common variable immunodeficiency. Hepatol Res. 2008; 38:415-420.
[PubMed: 18021227]

J Allergy Clin Immunol. Author manuscript; available in PMC 2014 January 07.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Agarwal and Mayer

TABLE |

Gastrointestinal diseases associated with humoral immunodeficiencies

Infectious Giardia species, Campylobacter species, Salmonella species, rotavirus, enterovirus, bacterial overgrowth
Inflammatory ~ NLH, celiac disease, microscopic colitis, ulcerative colitis, Crohn disease, villous atrophy

Autoimmune  Pernicious anemia, autoimmune hepatitis, primary biliary cirrhosis, achlorhydria

Neoplastic Adenocarcinoma of the stomach, lymphoma
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Immunodeficiency syndromes and associated gastrointestinal disease
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Immunodeficiency

Defect

Gastrointestinal manifestation

CVID

Multiple defects: TACI, inducible costimulator, T
cell, cytokine; failure of B cells to differentiate into
plasma cells

Chronic diarrhea, NLH, villous atrophy, IBD-
like disease, pernicious anemia,
hepatitis3-51320-34

Selective IgA deficiency

Gene defect unknown; defective maturation of B
cells into 1gA-secreting plasma cells

Diarrhea, celiac sprue, NLHL14-19:35

XLA

X-linked; defective Bruton tyrosine kinase — no
mature B cells

Gastrointestinal disorders rare, chronic
diarrhea, malabsorption 46:8-12.36

Chronic granulomatous disease

Multiple defects: X-linked caused by defects in
CYBB encoding the gp91P"°* component of
NADPH oxidase; autosomal recessive caused by
defects in NCF1, NCF2, or CYBA defects in
components of NADPH oxidase

Granulomatous colitis, perianal fistulae,
hepatic abscess, gastric outlet obstruction,
small-bowel obstruction, granulomatous
stomatitis, oral ulcers, esophageal
dysmotility37-41

Wiskott-Aldrich syndrome

X-linked; defective WASP — poor cytoskeletal
organization and defective signal transduction

Colitis, bloody diarrhea, malabsorption 42-44

Severe combined immunodeficiency

Multiple defects: RAG1/2, JAK3, CD45, CD3
chain, ZAP70, Artemis, Ligase 4, IL2RG, IL-7Ra,
ADA — defects in T and B cells

Chronic diarrhea, oral candidiasis, IBD*5-49

Bare lymphocyte syndrome

Multiple defects: RFX5, RFXAP and CIITA
defects lead to MHC class Il deficiency; TAP
defects lead to MHC class | deficiency

Diarrhea, progressive liver disease, sclerosing
cholangitis*9-53

X-linked hyper-1gM syndrome

X-linked; defective CD40 ligand on T cells —
dysfunction in B-cell receptor for isotype
switching

Cryptosporidium species enteropathy,
sclerosing cholangitis, gastrointestinal
carcinoma®4-59

Immune dysregulation,
polyendocrinopathy, enteropathy
(IPEX) syndrome

Mutation in forkhead box P3 gene (FOXP3) — no
FOXP3 protein or mutant protein with abnormal
regulatory T-cell function

Severe enteropathy with watery, often bloody
diarrhea associated with eosinophilic
inflammation 60

TACI, Transmembrane activator and calcium-modulating ligand interactor; NADPH, nicotinamide adenine dinucleotide phosphate; NCF,
neutrophil cytosolic factor; CYBB, cytochrome b beta subunit; WASP, Wiskott-Aldrich syndrome protein; RAG, recombinase-activating gene; JAK,
Janus kinase; ZAP70, zeta-chain—associated protein kinase 70; IL2RG, interleukin-2 receptor gamma; ADA, adenosine deaminase deficiency;
RFXS5, regulatory factor X, 5; RFXAP, regulatory factor X-associated protein; CIITA, class Il transactivator; TAP, transporter associated with
antigen processing; FOXP3, forkhead box protein 3.
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