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ABSTRACT

Objective: Common variable immunodeficiency (CVID) is a type of inborn errors of immunity (IEI) characterized by antibody
deficiency, recurrent infections, autoimmunity, autoinflammation, lymphoproliferation, and malignancy, representing a broad
phenotypic spectrum. Unlike other subgroups, only about 10% of CVID cases have a detectable genetic etiology, suggesting a complex
inheritance pattern for this group. However, in cases with early onset, a positive family history and consanguinity with monogenic
inheritance is considered likely. This study aimed to investigate the genetic etiology in patients diagnosed with CVID.

Materials and Methods: This study included 27 patients classified as CVID based on ESID diagnostic criteria, who were followed for
antibody deficiency in our clinic between 2000 and 2017. Whole exome sequencing (WES) or gene panel sequencing was performed for
each patient. For cases where standard analysis yielded no results, copy number variation (CNV) analysis was applied.

Results: The median age of diagnosis for patients included in the study was 11 years, with a consanguinity rate of 46%. Genetic factors
were identified in 13 patients (48.1%). Whole exome sequencing was performed in 73% of the patients, while 37% underwent gene panel
sequencing. In 8 cases with detected mutations, standard analysis was sufficient, but CNV analysis provided the result in 2 cases. In 2
patients, BTK mutations associated with X-linked agammaglobulinemia (XLA) were detected, and ICOS mutations were identified in
another 2 patients. Heterozygous mutations in NFKBI and NFKB2 were found in 2 patients without consanguinity or a family history.
Mutations in IGLLI and IGHM, two known causes of autosomal recessive agammaglobulinemia, were found in 2 patients with early
onset and positive family history. In one patient with EBV-associated lymphoma, an ADA2 mutation was identified.

Conclusion: Although the efficacy of next-generation sequencing in CVID diagnosis is reported to be limited, we observed a higher
prevalence of monogenic forms of CVID in our country, where consanguineous marriages are common, compared to the literature.
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INTRODUCTION

Common variable immune deficiency (CVID) is the
most prevalent symptomatic group within inborn errors
of immunity (IEI) with an estimated prevalence of 1 in
25,000 individuals (1-3). This disorder represents a heter-
ogeneous spectrum of antibody deficiencies, the majority
of which lack a defined genetic basis. Clinically, patients
often present with recurrent sinopulmonary infections,
autoimmune or inflammatory conditions, and neoplastic
diseases. Due to its highly variable phenotype, CVID does
not have a singular classification, and its diagnosis primar-
ily relies on exclusion.

CVID is linked to a wide range of serious complica-
tions, including frequent infections, organ-specific im-
mune-related disorders, immune dysregulation, and an
increased risk of developing malignancies (4). Accord-
ing to diagnostic criteria established by the International
Consensus (ICON) statement (4), the European Society
for Immunodeficiencies (ESID) (5), and the International
Union of Immunological Societies (IUIS) Expert Com-
mittee (6), key indicators of CVID include reduced serum
IgG levels, often in combination with low IgM and/or IgA,
poor vaccine-specific antibody responses, and the exclu-
sion of alternative explanations for hypogammaglobuline-
mia. The ESID criteria further emphasize clinical aspects
such as increased infection susceptibility, autoimmune
disorders, granulomatous inflammation, polyclonal lym-
phoproliferation, and a family history of antibody defi-
ciencies. In pediatric cases, CVID diagnosis takes into ac-
count age-related antibody deficiencies and a reduction in
switched memory B cells, typically below 70% of the nor-
mal reference range for age. Notably, severe T cell impair-
ments—such as decreased CD4+ T cell counts, abnormally
low CD4+ T cell proportions for age, and lack of T cell
proliferation—serve as exclusion factors for CVID (5). Pa-
tients with CVID display a broad spectrum of functional
and phenotypic irregularities affecting both innate and
adaptive immunity, highlighting that CVID is not a sin-
gle disorder but a collection of conditions characterized by
defective antibody production. The genetic diversity ob-
served in individuals with CVID reflects the intricate bio-
logical mechanisms governing class switch recombination,
B cell activation and signaling, migration, survival, and the
maturation of memory B cells into long-lived plasma cells
(7-10). For clinicians, an essential consideration is deter-
mining whether a patient’s clinical presentation suggests
an underlying genetic mutation and, if so, identifying the
genes most likely responsible for the immune dysfunction.

The advent of whole exome sequencing (WES) and
whole genome sequencing (WGS) has facilitated the iden-
tification of monogenic causes underlying the CVID phe-
notype in approximately 20%-30% of cases (7-10). These
findings suggest that CVID is a complex condition that
extends beyond classical Mendelian inheritance patterns.
A monogenic cause is more likely in cases of early disease
onset, a positive family history, or consanguinity (7-10).
Here in this study, we report genetic analyses on 27 pa-
tients, originating mostly from consanguineous back-
grounds, diagnosed with CVID according to ESID criteria,
who were followed in two separate pediatric immunology
centers in Ankara for antibody deficiency between 2000
and 2017.

MATERIALS and METHODS

Subjects were followed in the Pediatric Immunology
department of Ankara University School of Medicine De-
partment of Pediatric Immunology and Sami Ulus Re-
search and Training Hospital between 2000 and 2017. The
genetic analyses were carried out at Ludwig Boltzmann
Institute for Rare and Undiagnosed Diseases during Octo-
ber-December 2017. This study has been performed under
the joint project of Immunologic and Genetic Characteri-
zation of Primary Immunodeficiency Syndromes, which
was approved by the local ethical committee of Ankara
University (04-181-56) and Research Center for Molecular
Medicine of Austrian Academy of Sciences, and informed
consent was obtained from all individuals and/or their le-
gal guardians according to the Declaration of Helsinki.

Patients were diagnosed with CVID using ESID regis-
try working criteria

Inclusion Criteria
1) Atleast one of the following:
- Increased susceptibility to infections,
- Autoimmunity,
- Granulomatous disease
- Unexplained polyclonal lymphoproliferation
- Affected family member with antibody deficiency

2) Marked decrease of IgG and marked decrease of IgA
with or without low IgM levels (measured at least
twice; <2SD of the normal levels for their age);

3) Atleast one of the following:

Poor antibody response to vaccines (and/or absent
isohaemagglutinins); i.e., absence of protective lev-
els despite vaccination where defined
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- Low switched memory B cells (<70% of age-related
normal value)

4) Secondary causes of hypogammaglobulinaemia have
been excluded

5) Diagnosis is established after the 4™ year of life (but
symptoms may be present before)

6) No evidence of profound T-cell deficiency, defined as 2
out of the following (y=year of life):

- CD4 numbers/microliter: 2-6y <300, 6-12y <250,
>12y <200

- % Naive CD4: 2-6y <25%, 6-16y <20%, >16y <10%
- Absent T cell proliferation

Exclusion criteria:
- Patients under 4 at the time for study

- Patients having T cell deficiency or dysfunction as de-
fined above in the inclusion criteria

- Other known etiologies for primary or secondary anti-
body deficiencies.

We only diagnosed patients with CVID after the age
of 4 but for some of them the symptoms were already pre-
sent before that time and they were followed up until age
4 with primary antibody deficiency. Current ages of the
patients are indicated in Table I. Immunologic laboratory
investigations (Table II) and clinical histories were collect-
ed from the clinical record and selected manifestations of
lymphoproliferative, autoinflammatory, and autoimmune
complications were recorded. For purposes of the current
study, these sometimes partly overlapping medical condi-
tions are autoimmunity, bronchiectasis, cancer, lympho-
ma, and inflammatory bowel diseases.

Genetic Evaluation

The method has been described in detail previously
in Kostel Bal et al. (11). A brief description is also added
here. Genomic DNA (gDNA) was isolated from periph-
eral blood samples using the DNeasy Blood and Tissue
Kit (Qiagen). Whole-exome sequencing (WES) involved
library preparation and exome enrichment utilizing the
Truseq Exome kit (Illumina) and Nextera flex v1.2, respec-
tively, followed by paired-end sequencing on the Illumina
HiSeq3000 system. From the obtained variant calls, non-
synonymous (nonsense, missense, small insertions and
deletions) as well as splice-region variants (+/-8 bp from
the intron/exon boundaries) were then filtered to exclude
those with a minor allele frequency >0.01 in gnomAD
v2.1.1) (12).

An in-house database including sequencing data from
>1200 individuals was used to further exclude recurrent
variants with an allele frequency >0.01. The remaining
variants were prioritized based on literature research
and their Combined Annotation Dependent Deple-
tion (CADD) pathogenicity prediction score in version
GRCh37-v1.6 (13).

RESULTS

Demographic and Clinical Characteristics of
Patients

We reviewed the clinical records of 27 patients from 26
unrelated families with a history of primary antibody de-
ficiencies. Gender distribution was balanced (16 male, 11
female). Median age of disease manifestation was 5 (range:
6 months-23 years) and age of diagnosis was 11 (range:
6 months-53 years) years. All patients remained alive
throughout the disease survey, receiving regular IVIG
replacement and TMP-SMX prophylaxis. Two patients
developed EBV-associated lymphoma and received rituxi-
mab as part of their chemotherapy scheme in addition to
their regular IVIG replacement.

Genetic Characteristics

Genetic factors were identified in 13 patients (48.1%).
Whole exome sequencing was performed in 73% of the
patients, while 37% underwent gene panel sequencing. In
9 cases with detected mutations, standard analysis was suf-
ficient, but CNV analysis provided the result in 2 cases. In
2 patients, BTK mutations associated with X-linked agam-
maglobulinemia (XLA) were detected. ICOS mutations
were identified in another 2 patients. Heterozygous muta-
tions in NFKBI and NFKB2 were found in 2 patients with-
out consanguinity or a family history. Autosomal recessive
defects casing agammaglobulinemia are in fact reported
very rarely; however, we detected IGHM and IGLLI muta-
tions in a total of 4 patients. IGLLI defect, a known cause
of autosomal recessive agammaglobulinemia, was identi-
fied in two siblings with early onset infections and posi-
tive family history. One of the patients having mutations
in IGHM had the compound heterozygous constellation.
Homozygous biallelic variant in CD21 was deemed to be
pathogenic in a patient with agammaglobulinemia. In one
patient with EBV-associated lymphoma, a mutation in
ADA2 was identified. Surprisingly, we detected pathogenic
mutation in the CD40 gene in a patient having low im-
munoglobulin A and G levels and low switched memory B
cells without lymphopenia.
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Infectious Profile

Recurrent infections were the major symptomatology
at the clinical presentation. Recurrent upper and lower
bacterial respiratory tract infections were present in all of
the patients as well as the viral infections cytomegalovirus
(CMV), herpes simplex virus, SARSCoV2, RSV, and in-
fluenza A/B, which occurred in 26% of the patients (7/27).
Parasites (Giardia lamblia; 4 patients) were also occasion-
ally noted in patients having persistent diarrhea.

Clinical Phenotype

We next examined if subjects with autoinflammatory,
autoimmune, lymphoproliferative, neoplastic, and/or gas-
trointestinal complications were more likely to have muta-
tions in one or more of the genes identified in CVID, in con-
trast to others for whom a gene was not identified. (Table
I). Various forms of autoimmunity were noted in 5 patients
(18%) with no sex predominance. Lymphoproliferative
symptoms were documented in 11 patients (45%), which
is notably higher than the previous cohorts reported (7,9).
Contrary to previous reports, we found no significant asso-
ciation between the presence of genetic mutations and lym-
phoproliferative or autoimmune manifestations (p>0.05).

DISCUSSION

The genetic investigation of CVID has garnered sig-
nificant interest over the past two decades, as it is the
most prevalent inborn error of immunity (IEI). Early re-
search primarily focused on identifying the frequency of
genetic mutations in patient cohorts. Subsequent studies
characterized clinical phenotypes associated with spe-
cific gene mutations, such as TACI (14,15), CTLA4 (16),
NFKBI (17), NFKB2 (18), STAT3 (19), PI3KCD (20) and
LRBA (21). These studies highlighted the infectious, au-
toimmune, and inflammatory features of these specific
immune defects. In this study, we examined genetic data
from our CVID cohort to assess whether specific clinical
manifestations could help predict mutations in previously
identified causal genes.

Among the 27 subjects analyzed, 13 (48.1%) had a de-
tectable causative or associated genetic variant. Compared
to other cohorts, this rate is relatively higher than from
other countries but similar to the one from Turkey (22)
reflecting the consanguineous background of our popula-
tion (9,23). However, the majority of patients still lacked
an identified genetic cause. Infections remained the most
common complication among CVID patients, dividing

them into an “infection-only” group and those with “ad-
ditional non-infectious complications” (e.g., lymphopro-
liferation or autoimmunity). Lymphoproliferation was
the most frequent non-infectious complication (45%), fol-
lowed by autoimmunity (18%). Despite the previous lit-
erature data (7), we did not detect a significant enrichment
of certain genetic pathologies within the patient cohort
having autoimmunity and/or lymphoproliferation.

The most frequent mutations in our cohort involved
the ICOS, IGLLI, and NFKB genes, which predominantly
affect B cell function. Interestingly, no mutations were
detected in genes like CTLA4, STAT3, or LRBA, which
primarily impact T cell function. Unlike earlier studies
(7-9,22,24), we strictly excluded patients with CD4 lym-
phopenia to focus on isolated B cell pathologies. Although
this reduced the cohort size, it provided clearer insights
into B cell-specific defects, which may have been underex-
plored previously. CVID subjects with currently identifi-
able gene variants, either associated with or causative of
this immune defect, previously reported to have increased
numbers of autoimmune manifestations, more significant
respiratory disease and granulomatous changes in pathol-
ogy (7). However, many patients without detectable genet-
ic causes also shared similar clinical histories, suggesting
potential contributions from metabolic, environmental, or
epigenetic factors (25-28).

The diagnostic approach and criteria for CVIDs have
been extensively debated within the field of clinical im-
munology. Recently, a combined clinical and genetic diag-
nostic strategy has been increasingly utilized in the man-
agement of CVID patients. However, due to the complex-
ity and heterogeneity of the disease, genetic investigation
remains a significant challenge. To address this, problem
and standardize the clinical classification of our cohort
we adopted the European Society for Immunodeficien-
cies (ESID) criteria, which do not include specific provi-
sions for cases of agammaglobulinemia (5). Additionally,
we aimed to exclude known clinical causes of low B-cell
counts, particularly those identifiable via flow cytometry.
Specifically, we excluded cases in which Bruton’s tyrosine
kinase (BTK) protein was found to be absent by flow cy-
tometry. However, since all patients included in this study
exhibited BTK protein expression, further genetic analy-
sis was warranted. Through this approach, we identified
three additional patients with IGLLI and IGHM muta-
tions, consistent with previous studies (7,10) that have
reported similar findings due to the diagnostic challenges
associated with agammaglobulinemias.
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Despite the relatively high prevalence of CVID among
IE], the rate of molecular genetic diagnosis remains low.
Pathogenic variants are detected in only 2-10% of cases
in non-consanguineous populations but can reach 54%
in consanguineous populations (7,10). This disparity sug-
gests that CVID may often result from multifactorial, di-
genic, or polygenic inheritance. Rare functional variants,
somatic mutations, or epigenetic phenomena could also
play a role in regulating B cell development and function
(25, 26). While most CVID cases remain without a defined
molecular cause, ongoing genetic discoveries continue to
reveal the complexity of immunologic pathways essential
for normal B cell development and memory maintenance.
Further studies are likely to uncover digenic or polygenic
causes, offering new insights into intersecting immune
pathways. Understanding these genetic defects is critical
for developing personalized treatments, monitoring co-
morbidities, and improving patient care, emphasizing the
pivotal role of CVID research in advancing immunology.
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