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Abstract
Common variable immunodeficiency (CVID) is the most prevalent antibody deficiency, characterized by remarkable genetic, 
immunological, and clinical heterogeneity. The diagnosis of pediatric CVID is challenging due to the immaturity of the 
immune response and sustained actively developing antibody affinity to antigens and immunological memory that may 
overlap with the inborn error of immunity. Significant progress has been recently done in the field of immunogenetics, yet 
a paucity of experimental and clinical studies on different systemic manifestations and immunological features of CVID in 
children may contribute to a delayed diagnosis and therapy. In this review, we aimed at defining the variable epidemiological, 
etiological, and clinical aspects of pediatric CVID with special emphasis on predominating infectious and non-infectious 
phenotypes in affected children.
Conclusion: While pediatric CVID is a multifaceted and notorious disease, increasing the pediatricians’ awareness of this 
disease entity and preventing the diagnostic and therapeutic delay are needed, thereby improving the prognosis and survival 
of pediatric CVID patients.

What is Known:
• CVID is an umbrella diagnosis characterized by complex pathophysiology with an antibody deficiency as a common denominator.
• It is a multifaceted disease characterized by marked genetic, immunological, and clinical heterogeneity..
What is New:
• The diagnosis of pediatric CVID is challenging due to the immaturity of innate and adaptive immune response.
• Increasing the pediatricians’ awareness of CVID for the early disease recognition, timely therapeutic intervention, and improving the prog-

nosis is needed.
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Abbreviations
ADHD  Attention deficit/hyperactivity disorder
AEFI  Adverse effect following vaccination
AIDCA  Activation-induced cytidine deaminase
AIHA  Autoimmune hemolytic anemia
BACH  BTB domain and CNC homolog
BAFF  B cell-activating factor belonging to the 

tumor necrosis factor (TNF) family
BLK  B-lymphoid tyrosine kinase
BLNK  B-cell linker
BTK  Bruton tyrosine kinase
CARD  Caspase recruitment domain family member
CCR   CC-chemokine receptor
CID  Combined immunodeficiency
CMV  Cytomegalovirus
CSR  Class-switch recombination
CTLA  Cytotoxic T lymphocyte-associated antigen
CTNNBL1  Catenin beta-like
CVID  Common variable immunodeficiency
CXCR  CXC-chemokine receptor
DCK  Dyskerin
DCLRE  DNA cross-link repair
DNMT  DNA methyltransferase
DOCK  Dedicator of cytokinesis
EBV  Epstein-Barr virus
ESID  European Society for Immunodeficiencies
FOXP  Forkhead box protein
GATA   GATA binding protein
GLILD  Granulomatous lymphocytic interstitial lung 

disease
HDI  Human Development Index
HLH  Hemophagocytic lymphohistiocytosis
HSV  Herpes simplex virus
IBD  Inflammatory bowel disease
ICF  Immunodeficiency-centromeric instability-

facial anomalies
ICOS  Inducible T cell co-stimulator
IFN  Interferon
IGHM  Immunoglobulin heavy constant µ
IgRT  Immunoglobulin replacement therapy
IKBKB  Inhibitor of nuclear factor κ B (NFκB) 

kinase subunit beta
IKBKG  Inhibitor of nuclear factor κ B (NFκB) 

kinase subunit gamma
IKZF  Ikaros zinc finger
IL  Interleukin
ILD  Interstitial lung disease
IRF2BP  Interferon regulatory factor 2 binding protein
ITK  Interleukin 2-inducible T-cell kinase
ITP  Immune thrombocytopenia
IVIg  Intravenous immunoglobulin
KCNN  Potassium calcium activate channel subfam-

ily N member

KMT  Lysine methyltransferase
LAIV  Live attenuated influenza vaccine
LIG  Ligase
LRBA  Lipopolysaccharide (LPS)-responsive beige-

like anchor protein
MiRNA  MicroRNA
MS  Membrane-spanning
NFKB  Nuclear factor kappa B
PAD  Primary antibody deficiency
PID  Primary immunodeficiency
PIK3CD  Phosphoinositide 3-kinase (PI3K) catalytic 

subunit delta
PIK3R  Phosphoinositide 3-kinase (PI3K) regulatory 

subunit
PLCG  Phospholipase C gamma
PMS  MS1 homolog
PRKCD  Protein kinase C delta
PTPRC  Protein tyrosine phosphatase receptor type C
RAC   Ras-related C3 botulinum toxin substrate
RAG   Recombination activating gene
RFX  Regulatory factor X
RFXANK  Regulatory factor X-associated ankyrin-

containing protein
RNF  Ring finger protein
RPS6KB  Ribosomal protein S6 kinase beta
RTEL  Regulator of telomere elongation
SCID  Severe combined immunodeficiency
SCIg  Subcutaneous immunoglobulin
SH2D  Src homology 2 domain containing
SHM  Somatic hypermutations
SPINK  Serine peptidase inhibitor Kazal type
STAT   Signal transducer and activator of 

transcription
STXBP  Syntaxin binding protein
TACI  Transmembrane activator and calcium 

modulator and cyclophilin ligand interactor
TCF  Transcription factor
THBD  Thrombomodulin
THI  Transient hypogammaglobulinemia of 

infancy
TINF  TERF1-interacting nuclear factor
TLR  Toll-like receptor
TNF  Tumor necrosis factor
TNFRSF  Tumor necrosis factor receptor superfamily 

factor
TWEAK  TNF-like weak inducer of apoptosis
UNDP  United Nations Development Program
USIDNET  United States Immunodeficiency Network
WAS  WASP actin nucleation promoting factor
XIAP  X-linked inhibitor of apoptosis
ZBTB  Zinc finger and BTB domain containing
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Introduction

Common variable immunodeficiency (CVID) belongs to 
a phenotypically and immunologically heterogeneous and 
complex group of primary immunodeficiencies (PIDs). Pri-
mary antibody deficiencies (PADs) constitute the most prev-
alent and numerous categories of inborn errors of immunity, 
and CVID is the most common symptomatic hypogamma-
globulinemia. This condition is notorious for its unfortunate 
and severe associated outcomes as infections, autoimmunity, 
granulomatous disease, organ-specific immunopathology, 
and malignancy. Moreover, the psychological and social 
burden of this chronic and incurable disease is causing a 
remarkable mental deterioration in affected patients.

While CVID is an intrinsic impairment of antibody pro-
duction, the process of diagnosing CVID in children is chal-
lenging as no single clinical feature or laboratory test can 
establish the diagnosis. Among pediatric patients, antibody 
deficiency is quite common and may mirror the transient 
immune immaturity of B lymph cell functions, such as 
immunoglobulin class switch recombination (CSR), somatic 
hypermutation (SHM), and affinity maturation to antigens 
[1]. Exclusion of other primary antibody deficiencies and 
also secondary causes of hypogammaglobulinemia, which 
comprise a vast list of multifactorial etiologies, including 
various external influences, such as malnutrition, infections, 
systemic diseases, malignancies, and immunosuppressive 
therapy, is an important part of the definitive diagnosis of 
CVID [2]. Attempts are being made to identify prognosis, 
patterns, and severity scale of outcomes among pediatric-
onset and adult-onset CVID patients [3, 4]. According to 
the 2014 European Society for Immunodeficiencies (ESID) 
revised diagnostic criteria [5], CVID has been suggested to 
be diagnosed after the age of 4, which significantly influ-
ences the prevalence of the disease in the pediatric popu-
lation. This criterion of age has also been adopted for the 
purpose of excluding overlapping diagnoses of antibody 
deficiencies in early childhood, such as transient hypogam-
maglobulinemia of infancy (THI) [6] and unclassified 
hypogammaglobulinemia, and consequently, improving the 
specificity of the pediatric CVID diagnosis. 

THI is characterized by a deficiency in more than one immunoglobulin isotype and is associated with a number 
of immunologic abnormali�es beyond just hypogammaglobulinemia. These abnormali�es include impaired 
specific an�body response and increased numbers of CD19+ B cells. THI neither represents an aberra�on of 
class switching from IgM to IgG and IgA nor CD4+ or CD8+ deficiency.

Importantly, those revised criteria also recommend to rule 
out profound T lymph cell deficiencies and clearly define 
the minimal age-matched T cell absolute count to preclude 
severe combined and combined immunodeficiencies (SCID 

and CID, respectively), such as CD40 ligand (CD40L) [7] 
and serine-threonine-kinase-4 (STK4) [8] deficiencies or the 
immunodeficiency, centromeric instability, and facial anom-
alies syndrome (ICF) [9]. These immunodeficiencies most 
frequently manifest early in the child’s life mimicking CVID 
and later develop the phenotype of CID in which gradual T 
cell depletion occurs. The particular phenotype of CD27 
deficiency may also present as CVID but represents a cellu-
lar deficiency with immune dysregulation and Epstein-Barr 
virus (EBV)-driven hemophagocytic lymphohistiocytosis 
(HLH) and lymphoproliferation [10].

The ESID criteria to rule out profound T cell deficiency include:
- CD4+ T cell (numbers/microliter): 2-6 years <300, 6-12 years <250, >12 years <200
- Naïve CD4+ T cell (%): 2-6 years <25, 6-16 years <20, >16 years <10
- T cell prolifera�on absent

Other points of ESID diagnostic criteria may be, however, 
debatable in relation to young pediatric patients, as gen-
eration of switched memory B cells and immune response 
to vaccine recall antigens may be poor and diagnostically 
misleading.

Accordingly, the leading points of the diagnosis of the pediatric CVID are the following:
- CVID must not be diagnosed before a T cell deficiency is ruled out
- CVID must not be diagnosed before the age of four
- CVID must not be diagnosed before secondary an�body deficiency is ruled out

The following review was conducted to gather, resume, 
and conclude the data concerning the pediatric CVID and to 
highlight differences in the age of onset of patients in multi-
ple parameters. It was also aimed at increasing awareness of 
this disease entity among pediatricians to prevent diagnostic 
delay and facilitate the implementation of specialized treat-
ment options.

Epidemiology

The epidemiological tendencies of pediatric CVID are dif-
ficult to be estimated precisely due to both age-related and 
geographic disparities which presumably determine further 
essential factors, such as availability of PID-centered medi-
cal facilities, pediatricians’ awareness of CVID, and access 
to the data of PID registries. The estimated overall preva-
lence of the disease varies from 1:10 000 to 1:100 000, with 
the highest CVID proportion among all PIDs reported in the 
USA (40.2%) and the lowest rates observed in the Middle 
East (2.6%) and Africa (1.3%) [11]. The observed strik-
ing discrepancies between regional CVID distributions are 
closely related to the country’s medical progress, which is 
in turn determined by its socio-economic status. The CVID 
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prevalence has been correlated with the Human Develop-
ment Index (HDI) of the United Nations Development Pro-
gram (UNDP) and proved to be the highest in developed 
countries with high HDI and the best health care capability 
where immunodeficiencies are systematically monitored in 
registries [12].

Within the United States Immunodeficiency Network 
(USIDNET) report, CVID patients were stratified based on 
the age of diagnosis, and among all CVID cases, pediatric 
patients with either early (2–10 years of age) or adolescent 
(11–17 years of age) onsets amounted to as many as 42% of 
this cohort (24% and 18%, respectively) [4]. Interestingly, a 
10-year observational study on an international large cohort 
of patients diagnosed with CVID has shown an interesting 
shift from male predominance in childhood to female pre-
dominance in adulthood, pointing to possible differences in 
genetic and environmental impact on the age-dependent epi-
demiology [13]. On the European background, data originat-
ing from the German National Registry of PIDs [14] pointed 
to the pediatric-onset of CVID in 35% of affected individu-
als, while in half of them, the predominating onset age of 
presenting symptoms was between 1 and 5 years.

The investigation of epidemiological aspects of the most 
frequent comorbidities in pediatric CVID [4] revealed that 
while sinopulmonary infections were the most frequently 
experienced disorders across all age groups, otitis media 
affected children nearly twice as frequently as adults (60.6% 
versus 33.3% of all CVID patients). Moreover, non-infectious 
complications, such as failure to thrive and developmental 
delay, were more common in the CVID-affected children 
[4]. Further correlations between the time of onset and the 
spectrum of clinical manifestations have also been docu-
mented [5], indicating a greater risk of developing autoim-
mune hematological disorders in pediatric CVID onset and 
an inverse correlation between the onset age and the risk of 
malignancy. CVID was also showed to significantly influ-
ence the patient’s life expectancy. The retrospective analysis 
of CVID patients reported to the ESID registry showed their 
considerably reduced lifespan compared to that of the general 
population [15]. Whereas the mortality in CVID was regis-
tered in patients aged from 6 to 84 years and was calculated 
to be 3,8%, the death rate was inversely proportional to the 
age and was the highest in children from 5 to 14 years old. 
Accordingly, the Years of Life Lost (YLL) factor was 22 
times higher in this pediatric CVID cohort than in the gen-
eral population. An increased risk of premature death was 
associated with the diagnostic delay, a relevant predictive 
factor reflecting the degree of healthcare system efficiency 
and CVID awareness among physicians. It is also worth not-
ing that the mortality rate given in this report was four times 
higher in CVID patients with parental consanguinity, thereby 

supporting the hypothesis of monogenic, autosomal recessive 
disease underlying the CVID diagnosis in this group [15, 16].

The genetic and epigenetic background 
of CVID

The genetic etiology of CVID reflects complex processes of 
B cell antigen signaling, activation, survival, migration, and 
maturation to generate terminal stages of switched memory 
B cells and plasma cells. The B cell developmental impair-
ment and hypogammaglobulinemia may result from genetic 
defects of many receptors and ligands, activating co-stimu-
latory molecules and intracellular signaling molecules. Fur-
thermore, mutations of genes linked to antibody production 
defects and immune dysregulation with autoimmunity, lym-
phoproliferation, enteropathy, splenomegaly, and granuloma-
tosis have been identified thus far in a proportion of affected 
patients [17]. Genes that have been identified in monogenic 
CVID on the European background include ICOS (inducible 
T cell co-stimulator), TNFRSF13B (transmembrane activa-
tor and calcium modulator and cyclophilin ligand interac-
tor, TACI), TNFRSF13C (B cell-activating factor belonging 
to the tumor necrosis factor (TNF) family, BAFF-receptor, 
BAFF-R), TNFSF12 (TNF-like weak inducer of apoptosis, 
TWEAK), CD19, CD81, CR2 (CD21), MS4A1 (membrane-
spanning 4A1, CD20), TNFRSF7 (CD27), IL21, IL21R, LRBA 
(lipopolysaccharide (LPS)-responsive beige-like anchor pro-
tein), CTLA4 (cytotoxic T lymphocyte-associated antigen 4), 
PRKCD (protein kinase C delta), PLCG2 (phospholipase C 
gamma 2), NFKB1 (nuclear factor kappa B1), NFKB2 (nuclear 
factor kappa B2), PIK3CD (phosphoinositide 3-kinase (PI3K) 
catalytic subunit delta), PIK3R1 (phosphoinositide 3-kinase 
(PI3K) regulatory subunit 1), VAV1 (Vav guanine nucleo-
tide exchange factor 1), RAC2 (Rac family small GTPase 2), 
BLK (B-lymphoid tyrosine kinase), IKZF1 (IKAROS), and 
IRF2BP2 (interferon regulatory factor 2 binding protein 2) 
[17]. The expanding spectrum of genes involved in clinical 
and immunological phenotypes implicates that CVID is an 
umbrella diagnosis. Additionally, CVID shows high preva-
lence among all PIDs, but despite recent advances in genom-
ics [18–20], their overall diagnostic rate remains low, with 
pathogenic gene variants identifiable in a limited proportion 
of patients, ranging from merely 2–10% [17] up to 54% in 
populations with a high rate of consanguinity [21]. The current 
genetic landscape of CVID and CVID-like disorders with their 
predominating clinical phenotypes is displayed in Table 1.

Despite that the main tool for diagnosis of CVID remains 
clinical, it is highly recommended to obtain a genetic workup 
and molecular analysis in all subjects with unclear and severe 
clinical phenotype [22]. Nevertheless, most patients with a 
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diagnosis of CVID do not follow a classical Mendelian pat-
tern of inheritance, often representing single sporadic cases. 
It has been suggested that beyond the monogenic model of 
inheritance, another explanation of CVID origin is multifac-
torial, digenic, or polygenic, and alternatively, that accumula-
tion of rare functional variants, somatic mutations, or epige-
netic phenomena [18, 19, 23] may show a causal relationship 
with the regulation of B cell development and functions.

These observations could guide further investigations, 
and epigenetics may, therefore, contribute to explaining 
the pathogenesis of CVID in patients who lack a molecular 
genetic diagnosis. Histone and chromatin modifications or 
differences in DNA methylation level have been shown in 
switched and non-switched memory B cells in some CVID 
patients. Unusual hypermethylation of B cell development 
and function-relevant genes, such as PIK3CD, BCL2L1 

(Bcl-2-like 1), RPS6KB2 (ribosomal protein S6 kinase beta 
2), TCF3 (transcription factor 3), or KCNN4 (potassium cal-
cium activate channel subfamily N member 4) and abnormal 
demethylation during the transition from naïve to memory B 
cells [24, 25]. Non-coding RNA molecules, transcribed from 
DNA and not translated into proteins, exert their regulatory 
effects on gene expression and protein translation by influ-
encing DNA transcription and mRNA post-transcriptional 
changes. In particular, microRNAs (miRNAs) have critical 
regulatory functions in cell differentiation and prolifera-
tion, thereby being involved in B and T lymph cell devel-
opment and function [26, 27]. Multiple miRNAs, such as 
miRNA-155, miRNA-181b, miRNA-351, and miRNA-210, 
are implicated in the regulation of B cell function, germinal 
center formation, and antibody response on the antigenic 
challenge [28].

Table 1  Genes associated with CVID and CVID-like disorders and their clinical phenotypes

Current genetics of CVID 
and CVID-like disorders

Infections Autoimmunity Atopy Malignancy EBV, HLH CID / SCID Syndromic

AIDCA IL21 AIDCA CTLA4 BAFFR CARD11 CD27 DNTMT3B
BACH2 IL21R BACH2 DOCK8 CD27 CD27 CD40L KMT2D
BAFFR IRF2BP2 BAFFR FOXP3 CD70 CD70 CD70 LIG4
BLK KMT2D CD19 LRBA CXCR4 CTLA4 DCK1 RTEL1
BLNK LIG1 CD81 PLCG2 DCK1 GATA2 DCLRE1C SPINK5
BTK LIG4 CTLA4 RAC2 DCLRE1C IKBKG DNTMT3B ZBTB24
CARD11 LRBA FOXP3 SPINK5 DOCK8 IL2RG DOCK8
CD19 NFKB1 ICOS FOXP3 ITK IKBKB
CD20 NFKB2 IKZF1 GATA2 LRBA IL2RG
CD21 PIK3CD IL12RB1 ICOS PIK3CD LIG1
CD27 PIK3R1 IL21 IKZF1 PIK3R1 LIG4
CD40L PLCG2 IL21R IL12RB1 SH2D1A RAG 1 / 2
CD70 PRKCD IRF2BP2 LIG4 STAT3 RFX5
CD81 RAC2 KMT2D NFKB1 STXBP2 RTEL1
CTLA4 RAG 1 / 2 LRBA PIK3CD XIAP SPINK5
CTNNBL1 RFX5 NFKB1 PIK3R1 WAS
CXCR4 RFXANK NFKB2 PMS2 ZBTB24
DCK1 RTEL1 PIK3CD PTPRC
DCLRE1C SH2D1A PIK3R1 RNF31
DNMT3B SPINK5 PLCG2 TACI
DOCK8 STAT3 PRKCD TINF2
GATA2 TACI PTPRC WAS
ICOS TCF3 RAC2
IGHM THBD RAG 1 / 2
IKBKB TWEAK STAT3
IKBKG UNC93B1 TACI
IKZF1 VAV1 TCF3
IL12RB1 WAS TWEAK
IL12RB1 ZBTB24
IL2RG
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The immune system in pediatric CVID

Whereas CVID is perceived as a clinically heterogeneous 
group of disorders with complex genotype–phenotype mutual 
relationships, antibody deficiency is their common denomi-
nator as well as a constant and essential diagnostic criterion 
of CVID. Hypogammaglobulinemia in CVID is diagnosed as 
a marked decrease of serum IgG and IgA with or without low 
serum IgM levels. In children, due to the diverse dynamics of 
immunoglobulin isotypes that change with age, levels lower 
than two standard deviations below age-matched normal 
values are measured at least twice to support the diagnosis. 
The 2019 ESID Registry-working definitions [29] are based 
on clinical and immunological criteria unified with revised 
2014 ESID guidelines on the diagnosis of CVID. Along with 
hypogammaglobulinemia, the absence of antigen-specific 
antibodies expressed as poor antibody response to vaccines 
and the low relative values of CD19 + CD27 + IgD-switched 
memory B cells (< 70% of age-related normal values) are the 
next crucial items of this definition.

However, understanding the immunopathogenesis of 
CVID in childhood requires a deep insight into the devel-
opmental processes of the B and T cell subset composi-
tions and their functions. The investigation of the altera-
tions within the B cell compartment by the flow cytometric 
immunophenotyping showed remarkable age-related shifts, 
with gradual loss of B cell naїvete and development of 
B cell memory [30]. Accordingly, stratifications used in 
adult patients with CVID, namely EUROclass, Freiburg, 
and Paris classifications [31], based primarily on reduced 
numbers of switched memory B cells cannot be directly 
extrapolated to pediatric patients with CVID due to the 
ongoing maturation of the immune specificity to antigens 
in children [1, 32].

Abnormalities of various pathways across the adap-
tive and innate immune responses have been revealed in 
pediatric CVID, and extensive attempts have been under-
taken to establish correlations between the interrupted 
immunological homeostasis and clinical complications. 
The most frequently reported abnormalities within the 
B cell compartment were a defective generation of total 
memory B cell population [33–35], reduced number of 
switched memory B cells, reflecting impairment in germi-
nal center reaction [34], deficiency in CD3 + CD4 + CD4
5RO + CD185 + (CXCR5 +) follicular T helper cell, and 
consequently, inefficient CSR, SHM, and immunoglobulin 
affinity maturation [36], yet defective pre-germinal center 
B cell maturation pathways have also been shown in CVID 
[37]. Among T cells, most frequently, low numbers of total 
CD4 + T helper cell subsets, essential for effective B cell 
response and antibody production [33, 35], followed by 
deficiency of CD3 + CD4 + CD45RA + naïve T cells and 

CD3 + CD4 + CD45RA + CD31 + recent thymic emi-
grants were reported in pediatric CVID [33]. Deficien-
cies of T CD4 + cells were accompanied by an increase in 
CD3 + CD8 + CD45RO + cytotoxic memory T cells [33] 
and along with alterations within B cell subsets foremostly 
correlated with infectious complications of the respiratory 
tract and chronic diarrhea. It has been hypothesized that 
a CD3 + CD4 + CD25 + Foxp3 + regulatory T cell (Treg) 
dysfunction and its association with increased numbers of 
CD19 + CD38 low CD21 low immature activated B cells 
may be involved in impaired immune tolerance in CVID 
and contribute to the immunopathology of autoimmune 
phenomena and immune dysregulation [38]. However, in 
children, the aberrant Treg-dependent tolerogenic path-
ways have not been shown, and in pediatric CVID patients, 
the more severe disease pattern has been ascribed to the 
skewed Th1 polarization and excessive C–C chemokine 
receptors CCR5 (CD195) and CCR7 (CD197) expression 
[39].

Bridging the innate and adaptive immune response path-
ways, the regulatory role of Toll-like receptors (TLRs) in 
CVID has been investigated, and the results pointed to an 
impaired TLR9-mediated signaling and IFN-α produc-
tion as well as reduced generation of tumor necrosis factor 
(TNF)-α following induction of TLR4 expression [40]. In 
children with CVID, a depressed CD11a adhesion molecule 
on lymphocytes and neutrophils along with an increased 
CD18 expression, associated with decreased percentages 
and increased NK cell cytotoxicity, has been found [41]. 
In the light of the persistently aberrant adaptive immune 
response in CVID and defective clearance of pathogens, 
these findings suggest an innate immune system activation 
that may, in turn, predispose CVID-affected children to 
the development of chronic inflammatory complications. 
Further studies are needed to comprehend the interrelated 
functions of various lymph cell subsets and their potential 
predictive roles in autoimmunity, autoinflammation, lym-
phoproliferation, and organ-specific immunopathology in 
pediatric CVID.

The immunological phenotype of pediatric CVID is defined by an�gen-specific an�body deficiency and marked 
heterogeneity of aberra�ons of the innate and adap�ve immune responses. These aberra�ons include:
- Defec�ve genera�on of the total memory B cell pool, reduced numbers of switched memory B cells and 
increased numbers of immature ac�vated B cells
- Low numbers of total CD4+ T helper cells, naïve T cells and recent thymic emigrants, reduced numbers of 
follicular Th cells, skewed Th1 polariza�on and regulatory T cell dysfunc�on
- Aberrant TLR-9 and TLR-4 signaling 

Infections and infectious complications

In the era of increasing awareness of CVID in pediatric 
patients and appreciating the clinical heterogeneity of the 
disease, facing autoimmunity, autoinflammation, immune 
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dysregulation, and lymphoproliferation, infections and infec-
tious complications remain the leading cause of morbidity 
and mortality of children affected with CVID.

In a systematic review including a large cohort of CVID 
patients, infection pattern and frequency together with 
predominating immune response abnormalities have been 
analyzed [42]. The reported findings demonstrated that in 
CVID children, comparably to adults, pneumonia was the 
most prevalent infection, assessed in as much as 73% of 
pediatric patients, and it was followed by upper respiratory 
tract infections, such as otitis media, pharyngitis, and tonsil-
litis as occurring in 65%, and gastrointestinal infections in 
44% of them. Infections caused by Streptococcus pneumo-
niae, Haemophilus influenza, Staphylococcus aureus, and 
Pseudomonas aeruginosa were associated with the severe 
course of the disease. In single patients, other severe infec-
tious episodes, such as osteomyelitis [4, 13], septic arthri-
tis [43], central nervous system (CNS) infections [43, 44], 
and sepsis [4, 13, 45], were reported. Bacterial etiologies 
were noted most frequently, in 41.7% of infectious episodes 
compared to viral, parasitic, or fungal infections, assessed 
in 25.4%, 18.8%, and 3.4%, respectively [42]. Interestingly, 
a higher rate of pneumonia was inversely proportional to 
the patients’ age, and as respiratory tract infections are the 
leading clinical indicator of pediatric CVID, they contrib-
uted significantly to an early diagnosis of the disease [42]. 
Pediatric patients who showed a lower percentage of the 
total T cell pool and an increased total B cell absolute count 
with a decreased switched memory B cell subset were more 
susceptible to the severe infectious phenotype. It has also 
been shown that CD4 + T lymphopenia was associated with 
a higher frequency of viral infections in this CVID cohort 
[42]. Among respiratory viruses, rhinovirus, respiratory syn-
cytial virus, and adenovirus were the most frequent causes of 
respiratory exacerbations, impaired lung function, hospital 
admissions, and antibiotic therapy in pediatric CVID [46]. 
While IgG levels on immunoglobulin replacement therapy 
(IgRT) remained normal, low serum IgA levels were asso-
ciated with the increased susceptibility to viral respiratory 
infections. It might be therefore assumed that other mecha-
nisms of the local and systemic, innate and adaptive immune 
responses beyond IgG serum levels, play an essential pro-
tective role against viral infections, thereby explaining the 
limited effectiveness of IgRT in the light of the changing 
spectrum of respiratory pathogens [47].

Further long-term complications and unfavorable out-
comes of respiratory infections include irreversible paren-
chymal and interstitial lung disease, lung fibrosis, and 
airway disease with bronchiectasis, which is the most com-
mon recognizable post-infectious complication in children 
with CVID [48]. Opportunistic infections of the respiratory 
tract caused by Pneumocystis jiroveci and Mycobacterium 
tuberculosis in CVID children are uncommon and indicate 

a deficiency in T and B lymphocytes [49]. The digestive sys-
tem is also an important infection site in antibody-deficient 
children, in whom the spectrum of gastrointestinal patholo-
gies comprises various autoimmune and lymphoproliferative 
disorders [50]. The most common infectious etiologies of 
chronic diarrhea episodes are Campylobacter, Salmonella, 
Shigella, and Giardia lamblia, whereas norovirus infections 
can lead to exacerbations of enteropathies, and consequently, 
intestinal villous atrophy, malabsorption syndrome, and fail-
ure to thrive with impaired physical development [49, 51].

Severe, systemic infections of viral and bacterial etiolo-
gies have also been reported in CVID pediatric patients. In 
case of the enteroviral disseminated, life-threatening disease 
manifested by fever, dermatomyositis, and systemic inflam-
matory reaction with progression to meningitis may develop. 
Infections with herpes viruses in immunodeficient children 
may pose a high risk of unfavorable course and long-term 
sequelae, such as encephalitis caused by herpes simplex 
virus (HSV)-1 infection [42, 52] or disseminated cytomeg-
alovirus (CMV) infection with nephrotic syndrome [53].

Non‑infectious phenotypes of pediatric CVID

Whereas in children recurrent infections are the most com-
mon symptoms of CVID, inappropriate immunosurveillance, 
imbalanced biological lymph cell homeostasis, and skewed 
T and B cell response with reduced tolerogenic lymph cell 
pools are underpinning the wide spectrum of non-infectious 
phenotypes, such as autoimmune disorders, granulomatous 
diseases, and polyclonal lymphoproliferation which have 
been highlighted as hallmarks of this disease entity [5, 29].

Autoimmune diseases are the second manifestation of 
systemic or organ-specific immunopathology in CVID 
after infections, occurring in 10–30% of affected patients. 
In early-onset CVID, diagnosed before the age of 10 years, 
the young age negatively correlates with the risk of autoim-
mune complications [39]. Monogenic CVID characterized 
by impaired self-tolerance and an autoimmune phenotype 
include ICOS [54], LRBA [55, 56], CTLA-4 [57], NF-kappa 
B1, and NF-kappa B2 [17] deficiencies, associated with a 
strikingly high prevalence of a wide spectrum of autoim-
mune disorders ranging from 31 to 76% of pediatric CVID 
cases compared to 10.2% of CVID patients in the USIDNET 
Registry [58]. The mechanisms that have been postulated to 
be involved in the pathogenesis of autoimmunity are defec-
tive B cell tolerance, expansion of CD21low B cell subset, 
altered BAFF signaling, impaired generation of switched 
memory B cells, defective somatic hypermutations, and 
reduced generation of Tregs [59, 60]. The most prevalent 
autoimmune disorder in pediatric CVID is cytopenia — 
autoimmune thrombocytopenia (ITP), autoimmune hemo-
lytic anemia (AIHA), Evans syndrome, and neutropenia, 
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followed by multiple clinical diagnoses, such as autoimmune 
thyroiditis, polyarthritis, inflammatory bowel disease (IBD), 
celiac disease (CD), Sjogren syndrome, dermatomyositis, 
alopecia, and psoriasis [59, 61]. It has been noted that chil-
dren who experience autoimmune diseases are also prone to 
develop other non-infectious complications of CVID, such 
as granulomatous disease, lymphoproliferation, and organ-
specific immunopathology [58]. The CVID-related granu-
lomatous disease has been reported in 8–20% of patients, 
with young adulthood being the most frequent age of its 
recognition, thereby, a limited number of reports on granu-
lomatous lymphocytic interstitial lung disease (GLILD) in 
pediatric CVID are found in the literature [62]. Pulmonary 
involvement in the form of granulomatous interstitial lung 
disease (GLILD), a non-infectious lymphoproliferative dis-
order, encompasses a spectrum of distinct lung immuno-
pathologies that include granulomatous disease, follicular 
bronchiolitis, interstitial pneumonia, and lymphoid hyper-
plasia, frequently accompanied by airway disorders, such 
as bronchiectasis and tree-in-bud pattern [63, 64]. It is con-
sidered a systemic disease, and extrapulmonary manifesta-
tions are its integral parts. The organ-specific immunologi-
cal predictors of a diagnosis of GLILD in CVID-affected 
patients are splenomegaly and hypersplenism, autoimmune 
cytopenias, in particular AIHA and ITP, lymphadenopa-
thy, enteropathy, autoimmune hepatitis, and polyarthritis. 
Whereas the lung is the most common organ affected by the 
granulomatous disease in pediatric CVID patients, granu-
lomas can also be localized in the spleen, liver, intestine, 
kidneys, eyes, skin, parotid glands, and the central nervous 
system [65].

Immune dysregulation manifesting as asthma is also 
frequently observable in pediatric CVID, accountable for 
31.2% of the chronic respiratory symptoms, according to 
the USIDNET registry [66], and it has been considered as 
the most important complication related to low IgA and IgM 
levels.

Polyclonal lymphoproliferation is observable in CVID 
patients as, but not limited to, peripheral and also pulmo-
nary and abdominal lymphadenopathy, posing an increased 
risk of malignancy. The risk of lymphoid malignancies in 
pediatric-onset CVID has been estimated to 2,5% compared 
to 8.5% among those affected individuals, in whom CVID 
was diagnosed in adulthood and the overall prevalence of 
cancers in PIDs reaching 5.7%. Hence, malignancy is the 
leading cause of morbidity and mortality in CVID, and after 
infections, it is the second cause of death both among pediat-
ric and adult patients [67]. In particular, in children affected 
with CVID, B cell non-Hodgkin lymphomas and low-grade 
astrocytoma have been noted [68, 69]. Importantly, those 

PID patients carry a lifetime risk of malignancies, not solely 
confined to the lymphatic origin, but also of stomach cancer 
in adulthood [65]. The postulated molecular mechanisms 
that have been implicated in malignant processes in CVID 
include defective recognition of malignant cells by the adap-
tive immune responses, selective accumulation of muta-
tions in genes enabling to survive malfunctioning immune 
destruction, and mutations of genes involved in the cell 
cycle checkpoints [67, 68, 70]. This particular association 
of malignancy-related morbidity and mortality in pediatric 
CVID requires a special emphasis on the need for increased 
pediatricians’ awareness to improve survival and long-term 
prognosis for affected children.

Preventive measures and therapeutic 
options for pediatric CVID

The pediatricians’ and primary care physicians’ awareness 
is a key to the timely undertaking prevention of infection in 
pediatric CVID patients.

Vaccinations. The optimal vaccination status of the primary 
antibody immunodeficient children plays a fundamental pre-
ventive role against infections and infectious complications 
in this targeted group of patients. However, an important 
issue is optimizing the vaccinations in these particularly 
infection-vulnerable children, and to assure their both 
immunogenicity and safety [71]. Important questions and 
concerns have been addressed regarding the vaccine use in 
immunocompromised children, their protective value and 
beneficial effect, safety of live attenuated vaccines, rationale 
for monitoring the vaccine-induced antigen-specific immune 
response, and ultimately, whether and how pediatricians and 
primary care physicians could contribute to improving the 
immunization status of immunodeficient children.

Importantly, in CVID, along with antibody production 
defect and a B cell dysfunction, variable quantitative and 
qualitative deficiencies of T cells, NK cells, and innate 
immune cells are observable. As these complex impairments 
of immune response in CVID patients may considerably 
vary, recommendations for the administration of both inac-
tivated and live attenuated vaccines need to be considered 
individually.

In CVID, live attenuated vaccines, such as oral polio-
myelitis vaccine (OPV), live attenuated influenza vaccine 
(LAIV), yellow fever, smallpox and live bacterial vac-
cines, e.g., Salmonella typhi (Ty21a), are contraindicated 
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as they confer a risk of adverse effects following vaccina-
tion (AEFI) [72]. A risk-benefits ratio of live measles and 
varicella vaccine administration needs to be considered in 
those pediatric CVID patients who despite B cell deficiency 
are capable to preserve their T cell number > 500 cells/
mcL CD4 + and > 200 cells/mcL CD8 + cells and function 
assessed as normal mitogen response [73]. Another issue is 
an indication to live attenuated measles and varicella vac-
cines in those CVID patients who have already received 
RT-Ig as they are ineffective due to vaccine neutralization 
and not recommended. Inactivated vaccines are considered 
safe and well tolerated in CVID, yet most affected patients 
are not capable to mount a protective antibody response 
following immunization. However, despite the uncertainty 
of their immune response, administration of an inactivated 
influenza vaccine as well as pneumococcal and meningococ-
cal vaccines is strongly recommended due to low antigen-
specific antibodies in immunoglobulin preparations and a 
high risk of morbidity in pediatric CVID patients [73, 74].

Immunoglobulin replacement therapy (IgRT). Either admin-
istered intravenously (IVIg) or subcutaneously (SCIg), it is 
the mainstay of management of CVID pediatric patients, 
foremostly targeted at providing antigen-specific antibod-
ies. It has been demonstrated that in children with CVID, 
Ig-RT has led to the achievement of satisfactory IgG serum 
levels, reduction in the incidence of respiratory tract infec-
tions, hospitalization rates, and antibiotic use [75]. Whereas 
Ig-RT has been proved to limit the severity and incidence 
of infections and infection-related organ damage, its role 
in controlling autoimmune and inflammatory disorders in 
CVID has not been precisely documented. The clinical effect 
of Ig-RT may vary among children suffering from respira-
tory tract infections as the controlling of infection due to 
influenza virus, rhinovirus, or adenovirus etiology is not 
adequate. Bronchiectasis is the most frequent suppurative 
irreversible organ damage in pediatric CVID which persists 
despite regular Ig-RT as it is associated with greater immu-
noglobulin consumption and requires higher doses of IgG 
[76]. In CVID, gastrointestinal tract involvement manifests 
as chronic diarrhea, malabsorption with steatorrhea, and rec-
tal bleeding. The impact of Ig-RT on CVID-related enter-
opathy is not clear and the poor response to the therapy may 
be explained by the lack of protective serum and mucosal 
IgA which is not replenished by Ig-RT [75, 77].

Supplementary therapy. In those children with CVID who 
despite adequate Ig-RT suffer from recurrent sinopulmonary 
infections posing the risk of chronic lung damage, additional 
antimicrobial prevention with the use of co-trimoxazole, 
amoxicillin, or azithromycin is recommended. Antibiotic 
prophylaxis covering the most frequent pathogens, such 

as Streptococcus pneumoniae and Haemophilus influenza, 
proved to be particularly beneficial for children with CVID 
to prevent bronchiectasis and if they develop, prophylactic 
antibiotics should be used to improve the outcome [76–78].

Granulomatous lymphocytic interstitial lung disease is a 
potentially devastating non-infectious lymphoproliferative 
complication of CVID associated with a restrictive impair-
ment of lung function, progressive respiratory insufficiency, 
and shortened survival. Lack of consensus recommendations 
for the monitoring and management of this condition in chil-
dren results in the use of the treatment regimens elaborated 
for adult patients. The proposed first-line therapy for CVID-
related GLILD is systemic corticosteroids (GCS), followed 
by azathioprine, mycophenolate mofetil either combined 
with GCS or as monotherapy, and rituximab (a monoclonal 
antibody against CD20) as the second-line therapy. In sin-
gle cases only, infliximab (a monoclonal antibody against 
TNF-α), cyclophosphamide, cyclosporine, methotrexate, 
and hydroxychloroquine alone or in combination with Ig-RT 
have also been reported with different degree of remission 
[62, 76, 79].

With the ever-increasing incidence of CVID-related 
monogenic defects, future perspectives on modern diagnosis 
and targeted treatment modalities are being developed and 
implemented. The novel treatment strategies are primarily 
targeted at the control of impaired B and T cell homeostasis 
with autoimmunity and lymphoproliferation. The expand-
ing therapeutic armamentarium comprises antiprolifera-
tive drugs, e.g., rapamycin; monoclonal antibodies, such as 
tocilizumab (anti-IL-6R) and jakinibs; and a new class of 
Jak kinase inhibitors, e.g., ruxolitinib [80]. The use of these 
biological drugs paves a new way to individualized patho-
genetically directed therapy for pediatric CVID.

Concluding remarks

Whereas the genetic landscape of pediatric CVID is being 
expanded, it is no longer perceived as a spectrum of monogenic 
diseases, yet polygenic and environmental background, as well 
as epigenetic regulation of gene expression, has been postulated 
as relevant mechanism underpinning the immunopathogenesis of 
CVID. The diagnosis of CVID in children is challenging as the 
immaturity of the immune system with the defective generation 
of antigen-specific antibodies and immunological memory may 
overlap with an inborn error of immunity. The complexity of 
genotype–phenotype mutual relationships implicates a variety 
of clinical manifestations of CVID in children (Fig. 1). Pediatric 
CVID is a serious disease, foremostly burdened with chronic 
infections but non-infectious disorders, such as autoimmunity, 
lymphoproliferation, organ-specific immunopathology, and 
malignancy may also occur. Importantly, pediatric CVID shows 
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its own age-related immunological and clinical specificity, and 
therefore, diagnostic and therapeutic guidelines targeted to adults 
cannot be merely extrapolated to children. Future investigations 
of the immunopathogenesis of pediatric CVID in the light of the 
dynamic development of the immune system and clinical stud-
ies are needed to better delineate this disease entity in children. 
Increasing the pediatricians’ awareness to tackling the diagnostic 
and therapeutic delay to improve the prognosis for CVID affected 
children is of paramount importance.

Children concerning for CVID o�en present with mul�ple health problems and the spectrum of symptoms is 
extremely diverse. The clinical condi�ons that could alert pediatricians to possible CVID in children are 
recurrent infec�ons, autoimmune manifesta�ons, allergic diseases, lymphoprolifera�on, and granulomatous 
disorders. These children require a mul�disciplinary approach under the clinical immunologist’s supervision.
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