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Abstract

Common variable immunodeficiency (CVID) is a primary B-cell immunodeficiency disorder,
characterized by remarkable hypogammaglobulinemia. The disease can develop at any age without
gender predominance. The prevalence of CVID varies widely worldwide. The underlying causes
of CVID remain largely unknown; primary B-cell dysfunctions, defects in T cells and antigen
presenting cells are involved. Although some monogenetic defects have been identified in some
CVID patients, it is likely that CVID is polygenic. Patients with CVID develop recurrent and
chronic infections (e.g., bacterial infections of the respiratory or gastrointestinal tract),
autoimmune diseases, lymphoproliferation, malignancies, and granulomatous lesions.
Interestingly, autoimmunity can be the only clinical manifestation of CVID at the time of
diagnosis and may even develop prior to hypogammaglobulinemia. The diagnosis of CVID is
largely based on the criteria established by European Society for Immunodeficiencies and Pan-
American Group for Immunodeficiency (ESID/PAGID) and with some recent modifications. The
disease can affect multiple organs, including the liver. Clinical features of CVID patients with liver
involvement include abnormal liver biochemistries, primarily elevation of alkaline phosphatase
(ALP), nodular regenerative hyperplasia (NRH), or liver cirrhosis and its complications.
Replacement therapy with immunoglobulin (Ig) and anti-infection therapy are the primary
treatment regimen for CVID patients. No specific therapy for liver involvement of CVID is
currently available, and liver transplantation is an option only in select cases. The prognosis of
CVID varies widely. Further understanding in the etiology and pathophysiology will facilitate
early diagnosis and treatments to improve prognosis.
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1. INTRODUCTION

The immune system is a complex and highly regulated system to protect our body from
pathogens and maintain immune homeostasis (1-4). When part of the system is either absent
or not functioning properly, it can lead to immunological disorders such as
immunodeficiency (5-9). Immunodeficiency disorders are either congenital or acquired. A
congenital, or primary, disorder is one you were born with. Compared to other human
immune defects, common variable immunodeficiency (CVID) is the most common
symptomatic primary immunodeficiency disorder in adults (10-13). While the circulating B
cell count is normal in most patients with CVID, the disease is characterized by defects in B-
cell differentiation, leading to decreased counts of plasma cells and memory B cells, and low
levels of circulating immunoglobulins (Igs). Hence, remarkable hypogammaglobulinemia is
the hallmark of CVID. However, the underlying mechanisms of CVID remain largely
unknown.

Clinically, CVID is highly variable and heterogeneous. Some key features include a) the low
plasma cell numbers and immunoglobulin levels leading to infections primarily by bacteria
in the respiratory and gastrointestinal tracts; b) autoimmune disorders despite the
immunodeficient state; and c) risks of malignancies. Taken together, these presentations
indicate both B and T lymphocytes are involved in the pathogenesis of CVID. The
predominant organs involved include the lungs, gastrointestinal tract, hematological system
and the liver. The liver involvement ranges from mildly elevated liver enzymes to severe
hepatic decompensation and liver failure (14-18). The diagnostic criteria for CVID have
been established and subsequently revised. Due to the diverse clinical manifestations and
rarity of CVID, the diagnosis of CVID and in particular liver involvement is often delayed,
leading to severe organ damage and poor prognosis (19). Thus, early recognition and
appropriate clinical management is required to improve the clinical outcome and prognosis.
Here, we discuss the epidemiology, pathogenesis, clinical manifestations, diagnosis and
treatments with emphasis on the liver involvement of CVID.

2. EPIDEMIOLOGY OF CVID

Antibody related primary immunodeficiency disorders account for over 50% of all
immunodeficiency patients (20, 21). Selective Immunoglobulin A deficiency (SIgAD) is the
most common antibody related primary immunodeficiency. However, 80% of SIgAD
patients are asymptomatic. The second most common is CVID, which accounts for 11.7% to
36.3% of all primary immunodeficiency (12, 13, 20, 22, 23). The estimated incidence and
prevalence of CVID are 2-10/100,000 (10, 24) and 1-10/100,000 population (21, 25-27),
respectively.
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The prevalence of CVID varies widely worldwide. The reported prevalence ranges from
30.2/100,000 in USA (13), 1.3/100,000 in the United Kingdom, 0.7/100,000 in France (20,
23), 0.13-0.28/100,000 in Taiwan and 0.25/100,000 population in Japan (22, 28). The actual
prevalence may be even higher due to delay in diagnosis, more effective treatments available
and subsequent better prognosis and longer survival (28).

3. ETIOLOGY AND PATHOGENESIS OF CVID

Although the underlying causes of CVID remain largely unknown, primary B-cell
dysfunctions, defects in T cell and antigen presenting cells (APCs) are involved in the
pathogenesis. Thus, CVID is considered a group of highly heterogeneous disorders (24, 26,
29).

3.1 Defects in B cells

CVID is mainly characterized by defects in B cell differentiation to plasma cells and
memory B cells, including impaired up-regulation of CD70 and CD86 in naive B cells (30),
BCR signaling (31, 32), toll-like receptors (TLRs) signaling, and interferon (IFN)-a
signaling (33-36). Consequently B cells lose their activation, proliferation and
differentiation capacities to become plasma cells and memory B cells, leading to poor
humoral immunity and recurrent infections. Significantly reduced level of plasma cells in the
bone marrow has been observed in 94% of CVID patients, and correlates with serum 1gG
levels (37). Although it is not specific to CVID, the paucity of plasma cells is included in the
new diagnostic criteria (21). Moreover, reduced count of switched memory B cells
(CD27+IgM-IgD-), which is associated with infections, autoimmunity, immune cytopenia,
granulomas, lymphadenopathy and splenomegaly is common (33, 38-42), and is included as
one of the parameters in the classification of CVID (33, 38, 42—44). In addition, CD21!°% B
cells, which include a proportion of auto-reactive cells, are also detected in CVID patients,
and are believed to be associated with autoimmunity (24, 42, 45).

3.2 Defects in T cells

In addition to B cell defects, CD4+ and CD8+ T cells, T-helper, and regulatory T (Treg) cells
are also involved in the pathogenesis of CVID (46). Specifically, the numbers of CD4+ and
Treg cells are decreased while CD8+ T cells are increased. Alterations of T cell functions,
including decreased proliferative responses to mitogen and antigens stimulation, increased
activation and apoptosis of T cells, and abnormalities in cytokine production have been
demonstrated (18, 46). A recent study reveals that impairment in cytokine production of T
cells may be responsible for the decreased level of memory B cells in a subset of patients
with CVID (47). In addition, dysfunctions of TCR signaling, TLRs signaling, interleukin
(IL)-4 signaling and FcyRlla signaling are also detected in T cells of CVID patients (7, 46).
More importantly, the suppressive function of Treg cells from CVID patients with
autoimmune disease is attenuated, which may partly account for autoimmune manifestations
in CVID patients (45, 48). When opportunistic infection happens, and/or CD4+ lymphocyte
count falls below 200/uL, it is named late-onset combined immunodeficiency (LOCID) (21,
49, 50).
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3.3 Defects in antigen presenting cells (APCs)

The number and function of dendritic cells (DCs) are also decreased in CVID patients. Both
myeloid and plasmacytoid DCs are markedly reduced in CVID patients (6, 51), which
correlates with increased incidence of autoimmunity, granulomas and splenomegaly (51).
DCs from CVID patients are less responsive to antigen stimulation and suffer from impaired
differentiation, and inability to up regulate maturation markers, co-stimulatory molecules,
and cytokine production (e.g. IL-12), which are key components for the activation of T cells
(52). In addition, defective TLRs signaling had also been observed in DCs of CVID patients
(35). These defects in DCs lead to impaired antigen presentation and subsequent adaptive
immune responses.

3.4 Genetics

Unlike many other primary immunodeficiency disorders, most CVID patients do not have
any distinct genetic background (10, 26, 33). About 5-25% patients with CVID have a
positive family history, and most of them are presented with autosomal dominant inheritance
(10, 21, 29, 33). Thus far, some monogenetic defects responsible for a small proportion of
CVID or CVID-like patients have been identified, including /COS, TNFRSF13B (TACI),
TNFRSF13C (BAFF-R), TNFRSF7 (CD27), CD18, CD19, MS4A1 (CD20), CR2 (CD21),
CD81, LRBA, Msh5, PRKCD, PLCGZ2, NFkB1, NFkB2, PIK3R1, VAV, IKZF1
(IKAROS), IRF2BP2, CTLA-4, PIK3CD, BLK, RACZ, TNFSF12 (TWEAK), CXCR4,
IL-21, IL-21R, FANC and RAGI (10, 24, 27, 49, 53-57). However, it is more likely that
CVID is a polygenic rather than a monogenic disorder (24). Testing of these genes in CVID
patients is not recommended because their mutations are rare and sometimes found in
healthy individuals (10, 27, 58). In addition, other studies suggest an association between
SIgAD and CVID, raising the possibility of common genetic background (10, 21). Recent
high throughput genomic and epigenomic studies have identified several loci as well as
genes and pathways on possible shared genetic basis of CVID and autoimmunity (59).
However, their small sample size, diverse clinical phenotypes and different cell types
examined limit these studies. Continued and coordinated efforts with larger sample size and
in-depth analysis on broad variety of immune cell types will facilitate the discovery of
reliable genetic biomarkers panel for disease monitoring and subgroup stratification,
prognosis and treatment progress.

4. CLINICAL MANIFESTATIONS OF CVID

CVID is the most frequent symptomatic primary immunodeficiency disorder with
heterogeneous clinical manifestations. While recurrent infection is a major characteristic, the
frequencies of autoimmune disorders and malignancies are on the rise among patients with
CVID.

Although CVID can be diagnosed at any age, its onset commonly ranges from 20 to 40 years
of age (10, 23, 29, 49, 58), with a pediatric onset age peaking before 10 years old (26).
There appears to have an earlier onset in male (26, 28, 29), but no gender predominance is
observed overall (10, 24, 26, 28). Diagnosis is commonly delayed, with a significant number
of patients being diagnosed 4-8 years after the initial onset (21, 23, 26, 29, 49) and some
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even over 10 years (49, 60). The delay in diagnosis is partly due to its heterogeneity in
clinical presentation; while recurrent infections are commonly recognized as CVID, other
clinical manifestations (i.e., autoimmune diseases, lymphoproliferative disorders and
malignancies, gastrointestinal or liver involvement) often lead to misdiagnosis. However,
recent data suggest that the diagnostic delay is decreased (26, 29). Importantly, the clinical
presentation may vary over time and different clinical features may appear sequentially
making the accurate diagnosis of CVID challenging.

4.1 Infections

Primary hypogammaglobulinemia is the serological hallmark of CVID and leads to
increased susceptibility to encapsulated bacteria. More than 90% of the CVID patients
manifest as various infections, often before diagnosis (10, 29, 58, 60) (Table 1).

The respiratory tract is the most frequently infected organ (10, 29), which often manifests as
sinusitis, bronchitis, pneumonia and chronic bronchiectasis. Ultimately, lung impairment
may require surgical treatment (i.e. lobectomy) (26) and accounts for a large proportion of
CVID fatality (21, 61). The gastrointestinal tract is the second most common infected organ
and often manifests as enteritis or gastritis, with transient or persistent diarrhea, and may
have lower level of serum IgA (29). In addition, meningitis, encephalitis, septicemia, skin
abscess, urinary or urine cervical infections, empyema, osteomyelitis, otitis, joint, ear, nose
and throat infections are common in CVID patients (21, 29).

Bacteria are the predominant microbes isolated from patients with CVID. They include
Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, Moraxella
catharralis and mycoplasma species from the respiratory tract, and Giardia lamblia,
Salmonella, Campylobacter jejuni, H pylori, Clostridium difficile, and Yersinia enterolitica
from the gastrointestinal tract (10, 29, 58, 62). Virus and mycobacterium are also
occasionally detected (29, 63-66).

4. 2 Autoimmunity

Autoimmunity is a common complication of CVID, found in about 20-30% of the CVID
patients (18, 21, 45, 67) (Table 1). Importantly, it can be the only manifestation of CVID at
the time of diagnosis, and may even develop prior to hypogammaglobulinemia (21, 45).
Autoimmune diseases secondary to CVID are more common in female than male patients
(18, 24). Primary T-cell defects and increased autoreactive B cells have been implicated in
the pathogenesis of autoimmunity (24).

The most frequent autoimmune condition associated with CVID is cytopenia, including
idiopathic thrombocytopenia (ITP), autoimmune hemolytic anemia (AIHA) or Evan’s
syndrome (both ITP and AIHA); autoimmune neutropenia is rare. Both systemic
autoimmune diseases (rheumatoid arthritis, juvenile rheumatoid arthritis, seronegative
arthritis, Sjogren syndrome, systemic lupus erythematous, Behget’s disease), and organ
specific autoimmune diseases (thyroiditis, vitiligo, uveitis, vasculitis, inflammatory bowel
disease-like diseases and primary biliary cholangitis (PBC) have also been documented (18,
21, 24, 45, 67-69). Interestingly, CD21!°W B cells are increased in the peripheral blood of
CVID patients (70). Given the high prevalence of CD21!°% B cells in autoimmune disorders,
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CD21'°" B cells may represent a link between autoimmunity and CVID (71-73) and
potentially an optional target for the therapeutic intervention of CVID patients with
autoimmune disorders.

4.3 Lymphoproliferation and malignhancies

CVID patients also show an increased risk of lymphoproliferation and malignancies (Table
1). Benign lymphoproliferation (linked to hepatomegaly, splenomegaly or
lymphadenopathy) is observed in more than 20% of CVID patients (21) and patients may
require splenectomy or lymphadenectomy for final diagnosis (18, 26). Cervical, mediastinal
or abdominal lymphadenopathies are frequent in CVID patients; histological findings
include atypical or reactive lymphoid hyperplasia and granulomatous lesions (21).
Lymphoma is observed in 3-10% of CVID patients, and is mainly presented as B-cell non-
Hodgkin lymphoma (26, 58, 74, 75). Mucosa-associated lymphoid tissue lymphomas
(MALTomas) have also been reported (58, 76—78). Solid tumors are also frequently
observed in CVID patients. Gastric cancer is the most notable and at 10-47 higher risk than
general population (58, 75, 79-82). In addition, breast, skin and other cancers were also
reported (26). Malignancies are the major cause of death in CVID patients (80) and thus
surveillance is a mandatory lifelong task.

4.4 Granulomatous lesions

8-22% of the patients with CVID develop non-caseating granulomatous lesions (27, 83)
(Table 1), which are believed to be a result of abnormally activated and aggregated
macrophages (45). Mostly these lesions affect the lungs, lymph nodes, and liver. However,
involvements of bone marrow, kidney, brain, spleen, skin, gastrointestinal tract, and eyes
have also been reported (83, 84). When granuloma occurs in the lungs concomitant with
lymphoid infiltrations, it is named granulomatous and lymphocytic interstitial lung disease,
which sometimes is misdiagnosed as sarcoidosis (83, 85). The level of serum Ig, which is
elevated or normal in sarcoidosis patients, is then included for differential diagnosis (85).
Granulomatous lesions are associated with autoimmunity, and may have a poorer prognosis
(10, 26, 83).

4.5 Gastrointestinal involvement

CVID patients may be presented with chronic, intermittent or persistent diarrhea,
steatorrhea, bloating, weight loss, and loss of minerals and fat-soluble vitamins. Besides
gastrointestinal infections, autoimmune enteropathy (AIE) and granulomas have also been
detected (10, 21, 26, 86), and are often misdiagnosed as malabsorption, celiac disease, or
IBD (18, 86, 87). Histologic evaluation includes villous atrophy, crypt distortion with
increased lymphocyte infiltration, crypt apoptosis with loss of goblet cells, lymphoid
aggregates or hyperplasia, granulomas, and paucity of plasma cells, which is only present in
about two-thirds of CVID patients (21, 87). Steroid or immunomodulators may be used in
treating patients with AIE, however the efficacy is still uncertain (21, 26). Due to the lack of
specificity, CVID patients with AIE may have a long delay in diagnosis (26).
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4.6 Liver involvement

At least 10% of CVID patients present with liver involvement. Infections, autoimmune
reactions, lymphoproliferation and malignancies, granulomas, infiltration of inflammatory
cells, and intrahepatic biliary obstruction have been reported as contributors of the liver
damage in CVID (10, 21, 25). Moreover, liver damage is strongly associated with
lymphocytic enteropathy in CVID patients (14), suggesting a pathogenic role of the gut-liver
axis (16).

The clinical evidence for liver involvement in CVID ranges from elevated alkaline
phosphatase (ALP) (14, 86) to nodular regenerative hyperplasia (NRH), liver cirrhosis, and
portal hypertension (14, 21, 45, 86, 88). In addition, CVID patients may develop liver cancer
(45, 89). Cunningham reported that significant liver dysfunction was evident in 11.9% of the
CVID patients, including hepatitis C patients infected by Ig infusions (18); while in a
separate cohort, 44% of the CVID patients had abnormal liver biochemistries (14). NRH is a
common lesion observed in the liver of CVID patients and can lead to chronic cholestasis,
non-cirrhotic portal hypertension or liver cirrhosis (86, 90-92). Patients with liver
involvement may remain asymptomatic or complain of fatigue, nausea, vomiting, jaundice,
pruritus, ascites, edema, hepatomegaly, splenomegaly and esophageal varices (14, 15).
Clinically, some CVID patients have been diagnosed with chronic hepatitis (62, 93, 94),
autoimmune hepatitis (24, 45, 86, 95), PBC (18, 24), primary sclerosing cholangitis (PSC)
(96), hepatopulmonary syndrome secondary to cryptogenic liver disease (97), portal
hypertension (98), liver cirrhosis (14, 17) and even liver failure (14). Importantly, CVID
patients with hypogammaglobulinemia often have low or undetectable levels of specific
autoantibodies (45). Therefore, the diagnosis of specific liver diseases in CVID can be
difficult and often requires a liver biopsy. In particular the diagnosis of PBC which presents
with elevated alkaline phosphatase and relies on the anti-mitochondrial antibodies (AMA)
for diagnosis, should be considered despite negative AMA testing. In addition, the testing
for hepatitis C should include a HCV viral load, as the anti-HCV antibody may be falsely
negative. In light of the association of autoimmunity and CVID, data on genome wide
association studies on hepatic autoimmunity may shed light on potential genetic markers
(99). The clinical manifestations of liver involvement are summarized in Table 2.

5. DIAGNOSIS

The European Society for Immunodeficiencies and Pan-American Group for
Immunodeficiency (ESID/PAGID) criteria have been largely used for the diagnosis of
CVID. The diagnostic items include: (a) chronic and recurrent infections; (b) remarkably
decreased levels of IgG and either IgM or IgA isotypes (at least 2 standard deviations below
the mean for age); (c) onset of immunodeficiency at an age of 2 or more than 2 years old; (d)
absence of isohemagglutinins and/or poor response to vaccines; (e) other causes of primary
immunodeficiency and hypogammaglobulinemia secondary to drugs (e.g., glucorticoid),
infections, malignancies, and lymphangiectasias must be excluded (100). Important attention
should be paid to exclude other causes of hypoimmunoglobulinemia, including CID (101-
104) (Table 3).
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To improve the diagnosis, some additional criteria have been proposed (21, 105-108).
Among these, the International Consensus Document (ICON) criteria are listed in Table 4.
The ICON criteria set the onset age at more than 4 years old to further exclude some atypical
primary immunodeficiency disorders, for example, X-linked agammaglobulinemia (XLA),
and add histologic and genetic evidences (21).

When liver abnormalities are present, the underlying causes should be investigated. Possible
causes for liver abnormalities include infections, autoimmune reactions,
lymphoproliferation, malignancies, deposition of iron, copper and fat, intake of alcohol,
drugs and toxins (Table 2). Infectious agents including, bacteria, parasites, hepatitis virus
(A-G), Epstein-Barr virus (EBV), cytomegalovirus and human acquired immunodeficiency
virus (HIV), should be tested. Biopsy should be conducted if necessary. Among the various
causes of liver abnormality, infections, autoimmunity, lymphoproliferation and malignancies
may be considered liver involvement of CVID due to the increased susceptibility to these
complications described above.

Laboratory tests

Significant reduction of 1gG level is the diagnostic hallmark of CVID, defined as at least 2
standard deviations below the mean for the age - or below 5¢/L for adults - in at least 2
measurements more than 3 weeks apart (10, 21). Low levels of either IgA or IgM (at least 2
standard deviations below the mean for the age or below 0.8g/L, 0.4g/L, respectively) are
required (10, 21). Importantly, due to the variability of serum Ig, age and region should be
taken into the adjustment of reference range. Only up to 21% of the CVID patients may have
minimal-to-undetectable levels of all Ig isotypes at presentation (21), hence suspected
patients should be tested repeatedly.

Moreover, CVID patients commonly have normal count of circulating B cells (21, 49), an
important difference between CVID and XLA. Less frequently, slight elevation or reduction
in circulating B cells is also observed. Significant reduction (<1%) is only observed in 10%
of patients with CVID, indicative of remarkably poor prognosis, and differential diagnosis
with XLA is required (10, 21, 25). Similarly, most patients have normal counts of T cells
and NK cells, but decreased count of CD4+ T cells (including naive CD4+CD45RA+) and
increased count of CD8+ T cells have been described (10, 109).

Liver tests/examinations

ALP is the most commonly elevated liver enzyme; to our knowledge, only one study has
been published, and included only a small number of patients (14). However, elevation of
ALP in CVID patients may also be caused by osteomalacia as a result of enteropathy or
granulomatous disease (14). Elevation of bilirubin and transaminases has been observed
(110).

Ultrasonography, computed tomography scan, or magnetic resonance imaging can be used to
examine for structural changes in the liver, and signs of NRH, cirrhosis and portal
hypertension (110). It is important to exclude hepatic malignancies. Finally, endoscopy
should be performed to exclude esophageal varices in portal hypertension patients when
necessary.
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The common indications for liver biopsy in CVID patients include elevation of
transaminases, hepatomegaly, and splenomegaly (16, 110). In some cases, the biopsy usually
shows disturbance of liver structure, nonspecific portal and lobular inflammation, interface
hepatitis, lymphocyte infiltration without plasma cells, granulomas, fibrosis, macrovesicular
steatosis and neogenesis of biliary ducts (15, 16, 95, 110). NRH is the most frequent lesion
(14, 92, 111), occurring in 5-81% of CVID patients (14, 91, 92). Two studies describing
histological liver characteristics in CVID have been published. First, Ward et.al. reported,
among 16 CVID patients with liver biopsy, 13 of them presented with NRH (2 of them also
had liver cirrhosis), and 2 with granulomatous hepatitis. Further, among the 13 patients with
NRH, 12 had elevated levels of both ALP and gamma glutamyl transpeptidase (y-GT), and
the level of ALP in 6 patients slowly increased over years. NRH was associated with
lymphoproliferation, enteropathy, abnormal liver function tests, cytopenia and granulomas
(14). Second, Malamut et.al. reported that 84% of CVID patients presenting with non-
fibrosing architectural abnormalities, which is consistent with NRH (90). Regardless of its
frequent appearance in the liver, NRH is a not a specific lesion of CVID, and is also present
in other diseases or in the general population (14). Recently, however, it has been reported
that indolent proliferation of cytotoxic T cell in the liver sinusoid associated with NRH is
more specific for CVID (110). The current tests and examinations of liver involvement in
CVID are summarized in Table 2.

Responses to Vaccines

Responses to vaccines should be evaluated in all CVID patients before starting Ig
replacement therapy. Qualitative and quantitative assessments of both T-dependent and T-
independent responses are required (21). In addition, isohemagglutinins may also be
detected, especially after Ig infusion (21).

Genetic analysis

Patients with CVID do not have any specific genetic background or markers, so genetic
analysis is not recommended for CVID patients (21). It can be used in the exclusion of other
primary immunodeficiency disorders, such as XLA (Btk mutation).

6. TREATMENT FOR CVID AND LIVER INVOLVEMENT

Replacement therapy with Ig and anti-infection treatment remain the main clinical
inventions for CVID. In addition, the treatments for other complications may also be needed.

Replacement therapy

Hypoimmunoglobulinemia is the main underlying cause of infections in CVID; the primary
treatment is replacement with intravenous Ig (IVIG) or subcutaneous Ig (SCIG) (112). The
recommended dosage is 400-600mg/kg intravenously, every 3—4 weeks or 100-200 mg/kg
subcutaneously, every week (27). In some patients, the dose has to be adjusted to reduce the
severity of infections (113, 114). During treatment, the level of 1gG should be higher than 7
g/L (26). Although anaphylactic reactions may happen in some CVID patients with absent
IgA due to the formation of anti-IgA antibody complex with IgA, allergy testing of it is not a
routine procedure (21). Over the years, the survival of CVID has improved greatly, largely

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

Page 10

attributed to the use of 1g (10, 115). In the past, when blood derived Igs were used,
transmitted infections were of concern (116). Finally, it should be noted that replacement
therapy with Ig is effective for infections and probably for autoimmunity, but less for other
CVID complications (10, 26, 45, 58).

Anti-infection treatment

Antibiotics should be administered based on the drug-sensitive tests in case of bacterial
infections.

Treatments for other complications

Corticosteroids or immunomodulators should be administered in case of autoimmune
diseases. Note that lower doses and shorter periods of treatment are often required (18, 67).
Although it induces a potential increased risk of immunodeficiency, splenoectomy may be
considered when necessary (29, 41, 45, 117).

Corticosteroids, or in combination with immunomodulators should be used in case of
granulomas (118-120). In addition, infliximab may be used in the treatment of some
selected CVID patients with granulomas (83, 119-121).

No specific therapy for liver involvement of CVID exists thus far, ursodeoxycholic acid can
also be used when biliary damage is identified histologically (15, 24). Commonly accepted
treatment for complicated cirrhosis, including liver transplantation, might be applied.
Similarly, esophageal varices should be treated if required. Successful liver transplantation
in end-stage liver disease has been reported (122-125). Meanwhile, periodic follow-up of
liver function is recommended in case of liver involvement.

Allogeneic peripheral stem cell transplantation

Some successful cases of allogeneic peripheral stem cell transplantation have been reported
(126), however the current experience is limited.

7. PROGNOSIS OF CVID AND LIVER INVOLVEMENT

The 20-year-survival of CVID patients after diagnosis is 64% for male patients and 67% for
female patients (18). The median age at death was 42 and 44 years old for males and
females, respectively with lung failure, lymphomas, cancers and severe infections as the
primary cause of death (18, 21, 25).

The prognosis of CVID depends on various factors, including the age of onset and diagnosis,
diagnostic delay, malignancies (26) and the initial level of 1gG and B cell count in the
peripheral blood (18). Non-infectious complications, such as granulomas, gastrointestinal
and liver involvement and lung diseases may indicate poor prognosis (10, 26). A deeper
comprehension of the etiology and pathophysiology will aid in the early diagnosis and
appropriate treatments to improve prognosis (105).
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Abbreviations

AlE autoimmune enteropathy

AIHA autoimmune hemolytic anemia
ALP alkaline phosphatase

CID combined immunodeficiency

CVID common variable immunodeficiency
GLILD granulomatous and lymphocytic interstitial lung disease
IBD inflammatory bowel disease

ICON International Consensus Document
Ig immunoglobulin

IL interleukin

ITP idiopathic thrombocytopenia

IVIG intravenous immunoglobulin

NRH nodular regenerative hyperplasia
PBC primary biliary cholangitis

PSC primary sclerosing cholangitis

r-GT gamma glutamy! transpeptidase
SCIG subcutaneous immunoglobulin
SIgAD selective Immunoglobulin A deficiency
TLR toll-like receptor

Treg cell regulatory T cell

XLA X-linked agammaglobulinemia

References

1. Aune TM, Crooke PS 3rd, Patrick AE, Tossberg JT, Olsen NJ, Spurlock CF 3rd. Expression of long
non-coding RNAs in autoimmunity and linkage to enhancer function and autoimmune disease risk
genetic variants. J Autoimmun. 2017; 81:99-109. [PubMed: 28420548]

2. Bao Y, Cao X. Epigenetic Control of B Cell Development and B-Cell-Related Immune Disorders.
Clin Rev Allergy Immunol. 2016; 50:301-311. [PubMed: 26066671]

3. Messina N, Fulford T, O’Reilly L, Loh WX, Motyer JM, Ellis D, McLean C, et al. The NF-kappaB
transcription factor RelA is required for the tolerogenic function of Foxp3(+) regulatory T cells. J
Autoimmun. 2016; 70:52-62. [PubMed: 27068879]

4. Saldana JI, Solanki A, Lau CI, Sahni H, Ross S, Furmanski AL, Ono M, et al. Sonic Hedgehog
regulates thymic epithelial cell differentiation. J Autoimmun. 2016; 68:86-97. [PubMed: 26778835]

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 12

. Shaabani N, Khairnar V, Duhan V, Zhou F, Tur RF, Haussinger D, Recher M, et al. Two separate

mechanisms of enforced viral replication balance innate and adaptive immune activation. J
Autoimmun. 2016; 67:82-89. [PubMed: 26553386]

. Taraldsrud E, Fevang B, Aukrust P, Beiske KH, Floisand Y, Froland S, Rollag H, et al. Common

variable immunodeficiency revisited: normal generation of naturally occurring dendritic cells that
respond to Toll-like receptors 7 and 9. Clin Exp Immunol. 2014; 175:439-448. [PubMed:
24237110]

. Taraldsrud E, Fevang B, Jorgensen SF, Moltu K, Hilden V, Tasken K, Aukrust P, et al. Defective

IL-4 signaling in T cells defines severe common variable immunodeficiency. J Autoimmun. 2017;
81:110-119. [PubMed: 28476239]

. Vignesh P, Rawat A, Singh S. An Update on the Use of Immunomodulators in Primary

Immunodeficiencies. Clin Rev Allergy Immunol. 2017; 52:287-303. [PubMed: 27873163]

. Wong GK, Heather JM, Barmettler S, Cobbold M. Immune dysregulation in immunodeficiency

disorders: The role of T-cell receptor sequencing. J Autoimmun. 2017; 80:1-9. [PubMed:
28400082]

Salzer U, Warnatz K, Peter HH. Common variable immunodeficiency: an update. Arthritis Res
Ther. 2012; 14:223. [PubMed: 23043756]

Marschall K, Hoernes M, Bitzenhofer-Gruber M, Jandus P, Duppenthaler A, Wuillemin WA,
Rischewski J, et al. The Swiss National Registry for Primary Immunodeficiencies: report on the
first 6 years’ activity from 2008 to 2014. Clin Exp Immunol. 2015; 182:45-50. [PubMed:
26031847]

Gathmann B, Grimbacher B, Beaute J, Dudoit Y, Mahlaoui N, Fischer A, Knerr V, et al. The
European internet-based patient and research database for primary immunodeficiencies: results
2006-2008. Clin Exp Immunol. 2009; 157(Suppl 1):3-11. [PubMed: 19630863]

Boyle JM, Buckley RH. Population prevalence of diagnosed primary immunodeficiency diseases in
the United States. J Clin Immunol. 2007; 27:497-502. [PubMed: 17577648]

Ward C, Lucas M, Piris J, Collier J, Chapel H. Abnormal liver function in common variable
immunodeficiency disorders due to nodular regenerative hyperplasia. Clin Exp Immunol. 2008;
153:331-337. [PubMed: 18647320]

Fukushima K, Ueno Y, Kanegane H, Yamagiwa Y, Inoue J, Kido O, Nagasaki F, et al. A case of
severe recurrent hepatitis with common variable immunodeficiency. Hepatol Res. 2008; 38:415—
420. [PubMed: 18021227]

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

Macura-Biegun A, Kowalczyk D. Common variable immunodeficiency concomitant with liver
cirrhosis--case report. Przegl Lek. 2002; 59:472-473. [PubMed: 12418290]

Cunningham-Rundles C, Bodian C. Common variable immunodeficiency: clinical and
immunological features of 248 patients. Clin Immunol. 1999; 92:34-48. [PubMed: 10413651]
Graziano V, Pecoraro A, Mormile I, Quaremba G, Genovese A, Buccelli C, Paternoster M, et al.
Delay in diagnosis affects the clinical outcome in a cohort of cvid patients with marked reduction
of iga serum levels. Clin Immunol. 2017; 180:1-4. [PubMed: 28347823]

Edgar JD, Buckland M, Guzman D, Conlon NP, Knerr V, Bangs C, Reiser V, et al. The United
Kingdom Primary Immune Deficiency (UKPID) Registry: report of the first 4 years’ activity
2008-2012. Clin Exp Immunol. 2014; 175:68-78. [PubMed: 23841717]

Bonilla FA, Barlan I, Chapel H, Costa-Carvalho BT, Cunningham-Rundles C, de la Morena MT,
Espinosa-Rosales FJ, et al. International Consensus Document (ICON): Common Variable
Immunodeficiency Disorders. J Allergy Clin Immunol Pract. 2016; 4:38-59. [PubMed: 26563668]
Ishimura M, Takada H, Doi T, Imai K, Sasahara Y, Kanegane H, Nishikomori R, et al. Nationwide
survey of patients with primary immunodeficiency diseases in Japan. J Clin Immunol. 2011;
31:968-976. [PubMed: 21956496]

group. CTFPs. The French national registry of primary immunodeficiency diseases. Clin Immunol.
2010; 135:264-272. [PubMed: 20399414]

Xiao X, Miao Q, Chang C, Gershwin ME, Ma X. Common variable immunodeficiency and
autoimmunity--an inconvenient truth. Autoimmun Rev. 2014; 13:858-864. [PubMed: 24747700]

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 13

Resnick ES, Moshier EL, Godbold JH, Cunningham-Rundles C. Morbidity and mortality in
common variable immune deficiency over 4 decades. Blood. 2012; 119:1650-1657. [PubMed:
22180439]

Gathmann B, Mahlaoui N, Gerard L, Oksenhendler E, Warnatz K, Schulze I, Kindle G, et al.
Clinical picture and treatment of 2212 patients with common variable immunodeficiency. J Allergy
Clin Immunol. 2014; 134:116-126. [PubMed: 24582312]

Cunningham-Rundles C, Maglione PJ. Common variable immunodeficiency. J Allergy Clin
Immunol. 2012; 129:1425-1426.e1423. [PubMed: 22541363]

Tseng CW, Lai KL, Chen DY, Lin CH, Chen HH. The Incidence and Prevalence of Common
Variable Immunodeficiency Disease in Taiwan, A Population-Based Study. PL0oS One. 2015;
10:e0140473. [PubMed: 26461272]

Oksenhendler E, Gerard L, Fieschi C, Malphettes M, Mouillot G, Jaussaud R, Viallard JF, et al.
Infections in 252 patients with common variable immunodeficiency. Clin Infect Dis. 2008;
46:1547-1554. [PubMed: 18419489]

Groth C, Drager R, Warnatz K, Wolff-Vorbeck G, Schmidt S, Eibel H, Schlesier M, et al. Impaired
up-regulation of CD70 and CD86 in naive (CD27-) B cells from patients with common variable
immunodeficiency (CVID). Clin Exp Immunol. 2002; 129:133-139. [PubMed: 12100033]

van de Ven AA, Compeer EB, van Montfrans JM, Boes M. B-cell defects in common variable
immunodeficiency: BCR signaling, protein clustering and hardwired gene mutations. Crit Rev
Immunol. 2011; 31:85-98. [PubMed: 21542788]

Foerster C, Voelxen N, Rakhmanov M, Keller B, Gutenberger S, Goldacker S, Thiel J, et al. B cell
receptor-mediated calcium signaling is impaired in B lymphocytes of type la patients with
common variable immunodeficiency. J Immunol. 2010; 184:7305-7313. [PubMed: 20495065]

Ahn S, Cunningham-Rundles C. Role of B cells in common variable immune deficiency. Expert
Rev Clin Immunol. 2009; 5:557-564. [PubMed: 20477641]

Sharifi L, Mirshafiey A, Rezaei N, Azizi G, Magaji Hamid K, Amirzargar AA, Asgardoon MH, et
al. The role of toll-like receptors in B-cell development and immunopathogenesis of common
variable immunodeficiency. Expert Rev Clin Immunol. 2016; 12:195-207. [PubMed: 26654573]

Yu JE, Knight AK, Radigan L, Marron TU, Zhang L, Sanchez-Ramon S, Cunningham-Rundles C.
Toll-like receptor 7 and 9 defects in common variable immunodeficiency. J Allergy Clin Immunol.
2009; 124:349-356. 356.341-343. [PubMed: 19592080]

Yu JE, Zhang L, Radigan L, Sanchez-Ramon S, Cunningham-Rundles C. TLR-mediated B cell
defects and IFN-alpha in common variable immunodeficiency. J Clin Immunol. 2012; 32:50-60.
[PubMed: 22048980]

Ochtrop ML, Goldacker S, May AM, Rizzi M, Draeger R, Hauschke D, Stehfest C, etal. T and B
lymphocyte abnormalities in bone marrow biopsies of common variable immunodeficiency. Blood.
2011; 118:309-318. [PubMed: 21576700]

Vodjgani M, Aghamohammadi A, Samadi M, Moin M, Hadjati J, Mirahmadian M, Parvaneh N, et
al. Analysis of class-switched memory B cells in patients with common variable
immunodeficiency and its clinical implications. J Investig Allergol Clin Immunol. 2007; 17:321-
328.

Sanchez-Ramon S, Radigan L, Yu JE, Bard S, Cunningham-Rundles C. Memory B cells in
common variable immunodeficiency: clinical associations and sex differences. Clin Immunol.
2008; 128:314-321. [PubMed: 18620909]

Ko J, Radigan L, Cunningham-Rundles C. Immune competence and switched memory B cells in
common variable immunodeficiency. Clin Immunol. 2005; 116:37-41. [PubMed: 15925830]
Haymore BR, Mikita CP, Tsokos GC. Common variable immune deficiency (CVID) presenting as
an autoimmune disease: role of memory B cells. Autoimmun Rev. 2008; 7:309-312. [PubMed:
18295735]

Wehr C, Kivioja T, Schmitt C, Ferry B, Witte T, Eren E, Vlkova M, et al. The EUROclass trial:
defining subgroups in common variable immunodeficiency. Blood. 2008; 111:77-85. [PubMed:
17898316]

Piqueras B, Lavenu-Bombled C, Galicier L, Bergeron-van der Cruyssen F, Mouthon L, Chevret S,
Debre P, et al. Common variable immunodeficiency patient classification based on impaired B cell

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 14

memory differentiation correlates with clinical aspects. J Clin Immunol. 2003; 23:385-400.
[PubMed: 14601647]

Warnatz K, Denz A, Drager R, Braun M, Groth C, Wolff-Vorbeck G, Eibel H, et al. Severe
deficiency of switched memory B cells (CD27(+)IgM(=)IgD(-)) in subgroups of patients with
common variable immunodeficiency: a new approach to classify a heterogeneous disease. Blood.
2002; 99:1544-1551. [PubMed: 11861266]

Azizi G, Abolhassani H, Asgardoon MH, Alinia T, Yazdani R, Mohammadi J, Rezaei N, et al.
Autoimmunity in common variable immunodeficiency: epidemiology, pathophysiology and
management. Expert Rev Clin Immunol. 2017; 13:101-115. [PubMed: 27636680]

Azizi G, Rezaei N, Kiaee F, Tavakolinia N, Yazdani R, Mirshafiey A, Aghamohammadi A. T-Cell
Abnormalities in Common Variable Immunodeficiency. J Investig Allergol Clin Immunol. 2016;
26:233-243.

Berron-Ruiz L, Lopez-Herrera G, Vargas-Hernandez A, Santos-Argumedo L, Lopez-Macias C,
Isibasi A, Segura-Mendez NH, et al. Impaired selective cytokine production by CD4(+) T cells in
Common Variable Immunodeficiency associated with the absence of memory B cells. Clin
Immunol. 2016; 166-167:19-26.

Yu GP, Chiang D, Song SJ, Hoyte EG, Huang J, Vanishsarn C, Nadeau KC. Regulatory T cell
dysfunction in subjects with common variable immunodeficiency complicated by autoimmune
disease. Clin Immunol. 2009; 131:240-253. [PubMed: 19162554]

Chapel H, Lucas M, Lee M, Bjorkander J, Webster D, Grimbacher B, Fieschi C, et al. Common
variable immunodeficiency disorders: division into distinct clinical phenotypes. Blood. 2008;
112:277-286. [PubMed: 18319398]

Malphettes M, Gerard L, Carmagnat M, Mouillot G, Vince N, Boutboul D, Berezne A, et al. Late-
onset combined immune deficiency: a subset of common variable immunodeficiency with severe T
cell defect. Clin Infect Dis. 2009; 49:1329-1338. [PubMed: 19807277]

Yong PF, Workman S, Wahid F, Exley A, Webster AD, Ibrahim MA. Selective deficits in blood
dendritic cell subsets in common variable immunodeficiency and X-linked agammaglobulinaemia
but not specific polysaccharide antibody deficiency. Clin Immunol. 2008; 127:34-42. [PubMed:
18295543]

Bayry J, Lacroix-Desmazes S, Kazatchkine MD, Galicier L, Lepelletier Y, Webster D, Levy Y, et
al. Common variable immunodeficiency is associated with defective functions of dendritic cells.
Blood. 2004; 104:2441-2443. [PubMed: 15226176]

Ochs HD. Common variable immunodeficiency (CVID): new genetic insight and unanswered
questions. Clin Exp Immunol. 2014; 178(Suppl 1):5-6. [PubMed: 25546742]

Bogaert DJ, Dullaers M, Lambrecht BN, Vermaelen KY, De Baere E, Haerynck F. Genes
associated with common variable immunodeficiency: one diagnosis to rule them all? J Med Genet.
2016; 53:575-590. [PubMed: 27250108]

Kotlarz D, Zietara N, Milner JD, Klein C. Human IL-21 and IL-21R deficiencies: two novel
entities of primary immunodeficiency. Curr Opin Pediatr. 2014; 26:704-712. [PubMed: 25321844]
Abolhassani H, Wang N, Aghamohammadi A, Rezaei N, Lee YN, Frugoni F, Notarangelo LD, et
al. A hypomorphic recombination-activating gene 1 (RAG1) mutation resulting in a phenotype
resembling common variable immunodeficiency. J Allergy Clin Immunol. 2014; 134:1375-1380.
[PubMed: 24996264]

Sekinaka Y, Mitsuiki N, Imai K. Common Variable Immunodeficiency Caused by FANC
Mutations. 2017

Cunningham-Rundles C. How | treat common variable immune deficiency. Blood. 2010; 116:7-15.
[PubMed: 20332369]

Li J, Wei Z, Li YR, Maggadottir SM, Chang X, Desai A, Hakonarson H. Understanding the genetic
and epigenetic basis of common variable immunodeficiency disorder through omics approaches.
Biochim Biophys Acta. 2016; 1860:2656—2663. [PubMed: 27316315]

Fernandez Romero DS, Juri MC, Paolini MV, Malbran A. Common variable immunodeficiency.
Epidemiology and clinical manifestations in 69 patients. Medicina (B Aires). 2013; 73:315-323.
[PubMed: 23924529]

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 15

Busse PJ, Farzan S, Cunningham-Rundles C. Pulmonary complications of common variable
immunodeficiency. Ann Allergy Asthma Immunol. 2007; 98:1-8. quiz 8-11, 43. [PubMed:
17225714]

Atarod L, Raissi A, Aghamohammadi A, Farhoudi A, Khodadad A, Moin M, Pourpak Z, 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]

Kralickova P, Mala E, Vokurkova D, Krcmova I, Pliskova L, Stepanova V, Bartos V, et al.
Cytomegalovirus disease in patients with common variable immunodeficiency: three case reports.
Int Arch Allergy Immunol. 2014; 163:69-74. [PubMed: 24247002]

Woodward J, Gkrania-Klotsas E, Kumararatne D. Chronic norovirus infection and common
variable immunodeficiency. Clin Exp Immunol. 2016

Herrera-Sanchez DA, Castilla-Rodriguez JL, Castrejon-Vazquez M, Vargas-Camano ME, Medina-
Torres EA, Blancas-Galicia L, Espinosa-Padilla SE. Infection due to Mycobacterium bovis in
common variable immunodeficiency. Rev Alerg Mex. 2015; 62:75-82. [PubMed: 25758115]

Milligan KL, Jain AK, Garrett JS, Knutsen AP. Gastric ulcers due to varicella-zoster reactivation.
Pediatrics. 2012; 130:e1377-1381. [PubMed: 23045567]

Cunningham-Rundles C. Autoimmune manifestations in common variable immunodeficiency. J
Clin Immunol. 2008; 28(Suppl 1):S42-45. [PubMed: 18322785]

Agarwal S, Cunningham-Rundles C. Autoimmunity in common variable immunodeficiency. Curr
Allergy Asthma Rep. 2009; 9:347-352. [PubMed: 19671377]

Martin-Blondel G, Camara B, Selves J, Robic MA, Thebault S, Bonnet D, Alric L. Etiology and
outcome of liver granulomatosis: a retrospective study of 21 cases. Rev Med Interne. 2010; 31:97-
106. [PubMed: 19962798]

Unger S, Seidl M, van Schouwenburg P, Rakhmanov M, Bulashevska A, Frede N, Grimbacher B,
et al. TH1 phenotype of T follicular helper cells indicates an IFNgamma-associated immune
dysregulation in CD21low CVID patients. J Allergy Clin Immunol. 2017

Patuzzo G, Barbieri A, Tinazzi E, Veneri D, Argentino G, Moretta F, Puccetti A, et al.
Autoimmunity and infection in common variable immunodeficiency (CVID). Autoimmun Rev.
2016; 15:877-882. [PubMed: 27392505]

Keller B, Stumpf I, Strohmeier V, Usadel S, Verhoeyen E, Eibel H, Warnatz K. High SYK
Expression Drives Constitutive Activation of CD21low B Cells. J Immunol. 2017; 198:4285-4292.
[PubMed: 28468967]

Wehr C, Eibel H, Masilamani M, Illges H, Schlesier M, Peter HH, Warnatz K. A new CD21low B
cell population in the peripheral blood of patients with SLE. Clin Immunol. 2004; 113:161-171.
[PubMed: 15451473]

Chua I, Quinti I, Grimbacher B. Lymphoma in common variable immunodeficiency: interplay
between immune dysregulation, infection and genetics. Curr Opin Hematol. 2008; 15:368-374.
[PubMed: 18536576]

Abolhassani H, Aghamohammadi A, Imanzadeh A, Mohammadinejad P, Sadeghi B, Rezaei N.
Malignancy phenotype in common variable immunodeficiency. J Investig Allergol Clin Immunol.
2012; 22:133-134.

Reichenberger F, Wyser C, Gonon M, Cathomas G, Tamm M. Pulmonary mucosa-associated
lymphoid tissue lymphoma in a patient with common variable immunodeficiency syndrome.
Respiration. 2001; 68:109-112. [PubMed: 11223743]

da Silva SP, Resnick E, Lucas M, Lortan J, Patel S, Cunningham-Rundles C, Gatter K, et al.
Lymphoid proliferations of indeterminate malignant potential arising in adults with common
variable immunodeficiency disorders: unusual case studies and immunohistological review in the
light of possible causative events. J Clin Immunol. 2011; 31:784-791. [PubMed: 21744182]
Cunningham-Rundles C, Cooper DL, Duffy TP, Strauchen J. Lymphomas of mucosal-associated
lymphoid tissue in common variable immunodeficiency. Am J Hematol. 2002; 69:171-178.
[PubMed: 11891803]

Gangemi S, Allegra A, Musolino C. Lymphoproliferative disease and cancer among patients with
common variable immunodeficiency. Leuk Res. 2015; 39:389-396. [PubMed: 25711943]

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

80

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Page 16

. Quinti I, Agostini C, Tabolli S, Brunetti G, Cinetto F, Pecoraro A, Spadaro G. Malignancies are the
major cause of death in patients with adult onset common variable immunodeficiency. Blood.
2012; 120:1953-1954. [PubMed: 22936739]

Dhalla F, da Silva SP, Lucas M, Travis S, Chapel H. Review of gastric cancer risk factors in
patients with common variable immunodeficiency disorders, resulting in a proposal for a
surveillance programme. Clin Exp Immunol. 2011; 165:1-7. [PubMed: 21470209]

Gemeinhardt M, Turck J, Piper B, Helmberger T, Nerlich A, Schepp W. Adenocarcinoma of the
stomach and neuroendocrine carcinoma of the colon in a 45-year-old male patient suffering from
common variable immunodeficiency (CVID) and ulcerative colitis. Z Gastroenterol. 2012;
50:1292-1295. [PubMed: 23225557]

Ardeniz O, Cunningham-Rundles C. Granulomatous disease in common variable
immunodeficiency. Clin Immunol. 2009; 133:198-207. [PubMed: 19716342]

Morimoto Y, Routes JM. Granulomatous disease in common variable immunodeficiency. Curr
Allergy Asthma Rep. 2005; 5:370-375. [PubMed: 16091208]

Verbsky JW, Routes JM. Sarcoidosis and common variable immunodeficiency: similarities and
differences. Semin Respir Crit Care Med. 2014; 35:330-335. [PubMed: 25007085]

Agarwal S, Mayer L. Diagnosis and treatment of gastrointestinal disorders in patients with primary
immunodeficiency. Clin Gastroenterol Hepatol. 2013; 11:1050-1063. [PubMed: 23501398]
Daniels JA, Lederman HM, Maitra A, Montgomery EA. Gastrointestinal tract pathology in patients
with common variable immunodeficiency (CVID): a clinicopathologic study and review. Am J
Surg Pathol. 2007; 31:1800-1812. [PubMed: 18043034]

Goel A, Elias JE, Eapen CE, Ramakrishna B, Elias E. Idiopathic Non-Cirrhotic Intrahepatic Portal
Hypertension (NCIPH)-Newer Insights into Pathogenesis and Emerging Newer Treatment
Options. J Clin Exp Hepatol. 2014; 4:247-256. [PubMed: 25755567]

Gandhi K, Parikh P, Aronow WS, Desai H, Amin H, Sharma M, Rubinstein A. A case of explosive
progression of hepatocellular carcinoma in a patient with common variable immunodeficiency
(CVID). J Gastrointest Cancer. 2010; 41:281-284. [PubMed: 20473587]

Malamut G, Ziol M, Suarez F, Beaugrand M, Viallard JF, Lascaux AS, Verkarre V, et al. Nodular
regenerative hyperplasia: the main liver disease in patients with primary hypogammaglobulinemia
and hepatic abnormalities. J Hepatol. 2008; 48:74-82. [PubMed: 17998147]

Fuss 1J, Friend J, Yang Z, He JP, Hooda L, Boyer J, Xi L, et al. Nodular regenerative hyperplasia in
common variable immunodeficiency. J Clin Immunol. 2013; 33:748-758. [PubMed: 23420139]
Manas MD, Marchan E, Gijon J, Martin F. Nodular regenerative hyperplasia of the liver in a
patient with common variable immunodeficiency. An Med Interna. 2006; 23:395-397.

Conley ME, Park CL, Douglas SD. Childhood common variable immunodeficiency with
autoimmune disease. J Pediatr. 1986; 108:915-922. [PubMed: 2423668]

Hausser C, Virelizier JL, Buriot D, Griscelli C. Common variable hypogammaglobulinemia in
children. Clinical and immunologic observations in 30 patients. Am J Dis Child. 1983; 137:833—
837. [PubMed: 6604451]

Martire B, Gentile A, Francavilla R, De Santis A, De Mattia D. Successful treatment with
cyclosporine A of HCV-driven chronic liver disease mimicking autoimmune hepatitis in a patient
with common variable immunodeficiency. Immunopharmacol Immunotoxicol. 2005; 27:535-543.
[PubMed: 16435575]

Mahdavinia M, Mirsaeidi M, Bishehsari F, McGrath K. Primary sclerosing cholangitis in common
variable immune deficiency. Allergol Int. 2015; 64:187-189. [PubMed: 25838096]

Holmes SN, Condliffe A, Griffiths W, Baxendale H, Kumararatne DS. Familial hepatopulmonary
syndrome in common variable immunodeficiency. J Clin Immunol. 2015; 35:302-304. [PubMed:
25708586]

Schouten JN, Verheij J, Seijo S. ldiopathic non-cirrhotic portal hypertension: a review. Orphanet J
Rare Dis. 2015; 10:67. [PubMed: 26025214]

Webb GJ, Hirschfield GM. Using GWAS to identify genetic predisposition in hepatic
autoimmunity. J Autoimmun. 2016; 66:25-39. [PubMed: 26347073]

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Page 17

Conley ME, Notarangelo LD, Etzioni A. Diagnostic criteria for primary immunodeficiencies.
Representing PAGID (Pan-American Group for Immunodeficiency) and ESID (European Society
for Immunodeficiencies). Clin Immunol. 1999; 93:190-197. [PubMed: 10600329]

Chapel H. Common Variable Immunodeficiency Disorders (CVID) - Diagnoses of Exclusion,
Especially Combined Immune Defects. J Allergy Clin Immunol Pract. 2016; 4:1158-1159.
[PubMed: 27836061]

Bertinchamp R, Gerard L, Boutboul D, Malphettes M, Fieschi C, Oksenhendler E. Exclusion of
Patients with a Severe T-Cell Defect Improves the Definition of Common Variable
Immunodeficiency. J Allergy Clin Immunol Pract. 2016; 4:1147-1157. [PubMed: 27522107]

Geha RS, Notarangelo LD, Casanova JL, Chapel H, Conley ME, Fischer A, Hammarstrom L, et
al. Primary immunodeficiency diseases: an update from the International Union of
Immunological Societies Primary Immunodeficiency Diseases Classification Committee. J
Allergy Clin Immunol. 2007; 120:776-794. [PubMed: 17952897]

Picard C, Al-Herz W, Bousfiha A, Casanova JL, Chatila T, Conley ME, Cunningham-Rundles C,
et al. Primary Immunodeficiency Diseases: an Update on the Classification from the International
Union of Immunological Societies Expert Committee for Primary Immunodeficiency 2015. J
Clin Immunol. 2015; 35:696—726. [PubMed: 26482257

Chapel H, Cunningham-Rundles C. Update in understanding common variable immunodeficiency
disorders (CVIDs) and the management of patients with these conditions. Br J Haematol. 2009;
145:709-727. [PubMed: 19344423]

Ameratunga R, Woon ST, Gillis D, Koopmans W, Steele R. New diagnostic criteria for common
variable immune deficiency (CVID), which may assist with decisions to treat with intravenous or
subcutaneous immunoglobulin. Clin Exp Immunol. 2013; 174:203-211. [PubMed: 23859429]

Ameratunga R, Gillis D, Steele R. Diagnostic criteria for common variable immunodeficiency
disorders. J Allergy Clin Immunol Pract. 2016; 4:1017-1018. [PubMed: 27587325]

Ameratunga R, Brewerton M, Slade C, Jordan A, Gillis D, Steele R, Koopmans W, et al.
Comparison of diagnostic criteria for common variable immunodeficiency disorder. Front
Immunol. 2014; 5:415. [PubMed: 25309532]

Al Kindi M, Mundy J, Sullivan T, Smith W, Kette F, Smith A, Heddle R, et al. Utility of
peripheral blood B cell subsets analysis in common variable immunodeficiency. Clin Exp
Immunol. 2012; 167:275-281. [PubMed: 22236004]

Szablewski V, Rene C, Costes V. Indolent cytotoxic T cell lymphoproliferation associated with
nodular regenerative hyperplasia: a common liver lesion in the context of common variable
immunodeficiency disorder. Virchows Arch. 2015
Ravindran J, Gillis D, Rowland R, Heddle R. Common variable immunodeficiency associated
with nodular regenerative hyperplasia of the liver. Aust N Z J Med. 1995; 25:741. [PubMed:
8770344]

Kasztalska K, Ciebiada M, Cebula-Obrzut B, Gorski P. Intravenous immunoglobulin replacement
therapy in the treatment of patients with common variable immunodeficiency disease: an open-
label prospective study. Clin Drug Investig. 2011; 31:299-307.

Albin S, Cunningham-Rundles C. An update on the use of immunoglobulin for the treatment of
immunodeficiency disorders. Immunotherapy. 2014; 6:1113-1126. [PubMed: 25428649]

Eijkhout HW, van Der Meer JW, Kallenberg CG, Weening RS, van Dissel JT, Sanders LA,
Strengers PF, et al. The effect of two different dosages of intravenous immunoglobulin on the
incidence of recurrent infections in patients with primary hypogammaglobulinemia. A
randomized, double-blind, multicenter crossover trial. Ann Intern Med. 2001; 135:165-174.
[PubMed: 11487483]

Stonebraker JS, Farrugia A, Gathmann B, Orange JS. Modeling primary immunodeficiency
disease epidemiology and its treatment to estimate latent therapeutic demand for
immunoglobulin. J Clin Immunol. 2014; 34:233-244. [PubMed: 24338563]

Bjoro K, Haaland T, Skaug K, Froland SS. The spectrum of hepatobiliary disease in primary
hypogammaglobulinaemia. J Intern Med. 1999; 245:517-524. [PubMed: 10363753]

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song et al.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Page 18

Wong GK, Goldacker S, Winterhalter C, Grimbacher B, Chapel H, Lucas M, Alecsandru D, et al.
Outcomes of splenectomy in patients with common variable immunodeficiency (CVID): a survey
of 45 patients. Clin Exp Immunol. 2013; 172:63-72. [PubMed: 23480186]

Boursiquot JN, Gerard L, Malphettes M, Fieschi C, Galicier L, Boutboul D, Borie R, et al.
Granulomatous disease in CVID: retrospective analysis of clinical characteristics and treatment
efficacy in a cohort of 59 patients. J Clin Immunol. 2013; 33:84-95. [PubMed: 22986767]

Thatayatikom A, Thatayatikom S, White AJ. Infliximab treatment for severe granulomatous
disease in common variable immunodeficiency: a case report and review of the literature. Ann
Allergy Asthma Immunol. 2005; 95:293-300. [PubMed: 16200822]

Malphettes M, Oksenhendler E, Galicier L, Fieschi C. Granulomatous disease in common
variable immunodeficiency. Rev Med Interne. 2008; 29:28-32. [PubMed: 18054123]

Franxman TJ, Howe LE, Baker JR Jr. Infliximab for treatment of granulomatous disease in
patients with common variable immunodeficiency. J Clin Immunol. 2014; 34:820-827. [PubMed:
25062849]

Chen Y, Cameron A. Aspergillosis after liver transplantation in the context of common variable
immunodeficiency: case report. Transpl Infect Dis. 2013; 15:540-544. [PubMed: 23676145]
Montalti R, Mocchegiani F, Vincenzi P, Svegliati Baroni G, Nicolini D, Vivarelli M. Liver
transplantation in patients with common variable immunodeficiency: a report of two cases. Ann
Transplant. 2014; 19:541-544. [PubMed: 25339509]

Murakawa Y, Miyagawa-Hayashino A, Ogura Y, Egawa H, Okamoto S, Soejima Y, Kurosawa M,
et al. Liver transplantation for severe hepatitis in patients with common variable
immunodeficiency. Pediatr Transplant. 2012; 16:E210-216. [PubMed: 21831259]

Smith MS, Webster AD, Dhillon AP, Dusheiko G, Boulton R, Savage K, Rolles K, et al.
Orthotopic liver transplantation for chronic hepatitis in two patients with common variable
immunodeficiency. Gastroenterology. 1995; 108:879-884. [PubMed: 7875492]

Rizzi M, Neumann C, Fielding AK, Marks R, Goldacker S, Thaventhiran J, Tarzi MD, et al.
Outcome of allogeneic stem cell transplantation in adults with common variable
immunodeficiency. J Allergy Clin Immunol. 2011; 128:1371-1374. €1372. [PubMed: 21930294]

Clin Rev Allergy Immunol. Author manuscript; available in PMC 2019 December 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Song et al.

Table 1

Multi-system manifestations and frequencies of CVID

Manifestations Mount Sinai DEFI network Mount Sinai ESID Database
Hospital (n=252, 2008)[29] | Hospital (n=902, 2014) [26]
(n =248, 1999) [18] (n=473, 2012) [25]

Infections 90% >90% 94% Not specified

Pneumonia 76.6% 58% 40% 32%

Bronchiectasis 27% 37% 11.2% 23%

Gastrointestinal involvement | 21.4% 47% >15.4% 9%

Autoimmunity 22% >18% 28.6% 29%

Splenomegaly Not specified 38% Not specified 26%

Cancers 8% 8.7% 7% 5%

Lymphoma 8.9% 6.3% 8.2% 3%

Granuloma 8% 14% 9.7% 9%

Splenectomy 6% 6.0% 8.2% 2%
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Table 2

Page 20

Clinical manifestations, laboratory tests/examinations for liver involvement of CVID and possible causes of

liver abnormalities

Clinical manifestations

Abnormalitiesin
laboratory tests

Abnormalitiesin liver
examinations

Possible causes of liver
abnormalities

A: Asymptomatic

A: Liver function tests

A: Imaging examinations

@ Infections (bacterium,
parasite, hepatitis virus
(A-G), Epstein-Barr
virus, cytomegalovirus,
human acquired
immunodeficiency virus,
etc)

B: Symptomatic

@ Increased level of ALP,
r-GT

@ Structural alterations on
ultrasonography, CT scan, or
MRI

@ Autoimmunity

@ Fatigue @ Increased level of ALT, @ Esophageal varices on @ Lymphoproliferation
AST and bilirubin endoscopy
B: Histology
@ Nausea @ Decreased level of @ Non-specific inflammation @ Malignancies
albumin
B: Coagulation markers
@ Vomiting @ Increased PT, APTT @ NRH @ Dysfunction of
metabolism (deposition
of copper, iron, fat, etc.)
@ Jaundice @ Decreased level of @ Granuloma @ Drugs
fibrinogen
@ Pruritis @ Portal hypertension @ Toxins
@ Ascites @ Liver cirrhosis @ Alcohol
@ Edema @ Etc.
@ Hepatomegaly
@ Splenomegaly

@ Bleeding as a
result of
esophageal varices

Note: ALP: alkaline phosphatase; r-GT: gamma glutamyl transpeptidase; ALT: alanine transaminase; AST: aspartate transaminase; PT:
prothrombin time; APTT: activated partial thromboplastin time; CT: computed tomography; MRI: magnetic resonance imaging; NRH: nodular

regenerative hyperplasia.
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Features of primary hypogammaglobulinmia in the differential diagnosis of CVID

Table 3

Page 21

Disorder

Presentation

Mechanism

Selective 1gA deficiency

Decreased level of IgA; normal level of other Ig
isotypes and count of B cells; usually onset age > 4
years old

Unknown, possible defects in
terminal differentiation of IgA+ B
cells

X-linked agammaglobulinemia

Decreased levels of all Ig isotypes and count of B
cells; male children, usually onset age < 2 years old

Mature defects in development of
pre-B cell to B cells due to Btk
genetic mutation

Autosomal recessive agammaglobulinemia

Similar as XLA; female children

Dysfunction of pre-B cell receptor
complex; no Btk mutation

Transient hypogammaglobulinemia of infancy

Decreased level of 1gG and/or IgA, IgM; nearly
normal antibody generation; normal count of B cells

Unknown, postponed production
of Ig isotypes

X-linked hyper-IgM syndrome

Increased level of IgM, decreased level of 1gG or
IgA isotypes; male children

Defects in 1g isotype switch of B
cells due to CD40L G genetic
mutation in T cells

Non-X-linked hyper-lgM syndrome

Similar as XHIGM but without gender predominance

AID or UNG genetic mutation

X-linked severe combined immunodeficiency,
XSCID

Decreased level of all 1g isotypes; decreased count of
T and NK cells; nonfunctional B cells; male children

Genetic defects in /L-2Ry

Deficiency of adenosine deaminase

Decreased level of all Ig isotypes and count of T, B
and NK cells

Genetic defects in ADA

Good syndrome Decreased levels of all Ig isotypes and count of B Unknown
cells; thymoma

X-linked lymphoproliferative syndrome Decreased level of 1gG subclasses, increased levels SHZD1A or XIAP genetic
of IgA, IgM prior to Epstein-Barr virus (EBV) mutation

infection; EBV susceptibility; mononucleosis;
lymphoma; aplastic anemia; male children
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Table 4
International Consensus Document (ICON) criteria for CVID (2015)[21]

A. Must meet all major criteria
@ Hypogammaglobulinemia: serum 1gG below 5 g/L for adults
@ No other causes of primary immunodeficiency
@ Age at diagnosis > 4 years
B. Clinical manifestationsindicative of immunodeficiency (one or morecriteria)
@ Recurrent, severe or unusual infections
@ Poor response to antibiotics
@ Breakthrough bacterial infections in spite of prophylactic antibiotics
@ Infections in spite of immunization with the appropriate vaccine
@ Bronchiectasis and/or chronic sinus disease
@ Inflammatory disorders or autoimmunity
C. Supportive laboratory evidence (three or morecriteria)
@ Concomitant deficiency or reduction of serum IgA (<0.8 g/L) and/or IgM (<0.4 g/L)
@ Presence of B cells but reduced memory B cell subsets and/or increased CD21'°% subsets by flow cytometry
@ 1gG3 deficiency (<0.2 g/L)
@ Impaired vaccine responses compared to age-matched controls
@ Transient responses to vaccines compared to age-matched controls
@ Absent isohaemagglutinins (if not blood group AB)
@ Serological support for autoimmunity in section B
@ Sequence variations of genes predisposing to CVID

D. Presence of any one of relatively specific histological markersof CVID (not required for diagnosis but presence increases
diagnostic certainty)

@ Lymphoid interstitial pneumonitis

@ Granuloma

@ Nodular regenerative hyperplasia (NRH) of the liver
@ Nodular lymphoid hyperplasia of the gut

@ Absence of plasma cells on gut biopsy
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