
R

H
p
s

M

U
D

R
A

h
0
l

Jornal de Pediatria 97 (2021) S67---S74

www.jped.com.br

EVIEW ARTICLE

uman Inborn Errors of Immunity (HIEI):
redominantly antibody deficiencies (PADs): if you
uspect it, you can detect it

aria Marluce dos Santos Vilela

niversidade Estadual de Campinas (UNICAMP), Faculdade de Ciências Médicas, Centro de Investigação em Pediatria,
epartamento de Pediatria, Divisão de Alergia e Imunologia Pediátricas, Campinas, SP, Brazil

eceived 15 October 2020; accepted 20 October 2020
vailable online 24 November 2020

KEYWORDS
Antibody deficiency;
Agammaglobulinemia;
Common variable
immunodeficiency;
Hyper IgM syndrome

Abstract
Objective: This minireview gathers the scientific foundations of the literature on genetic errors
in the development of the humoral immune system to help pediatricians suspect these defects.
Sources: A systemic search using the PubMed MEDLINE database was performed for all Pre-
dominantly Antibody Deficiencies (PADs) described in the 2020 IUIS Expert Committee for PID
classification system, combined with terms for hypogammaglobulinemia. Search terms for PADs
were based on the listed names and affected genes as classified by the IUIS 2020. Abstracts
of the results were reviewed to find relevant case series, review articles of PADs associated
with infection, opportunistic infection, autoimmunity, cytopenias, malignancies, inflammatory
diseases, neurological and respiratory diseases. References from relevant articles were further
reviewed for additional references. Relevant findings were grouped in accordance with the IUIS
2020 classification system. Clinical and genetic features, if known, were described.
Data synthesis: PADs refer to impaired antibody production due to molecular defects intrinsic
to B cells or a failure of interaction between B and T cells. The patients develop recurrent
or chronic infection or respond to the antigens with dysregulation of the immune function,
causing severe allergy, autoimmunity, inflammation, lymphoproliferation and malignancy. The
diagnosis is a combined exercise of clinical and laboratory investigation similar to that per-
formed by Bruton (1952). In the context of SARS-CoV-2 infection, the experience of XLA and
CVID patients has been surprising. Variants in 39 genes were reported as causing PADs, but the
clinical heterogeneity within each variant is not clear.
Conclusion: Bruton (1952) used clinical expertise and protein electrophoresis to identify XLA.
The IUIS (2020) committee used immunoglobulins and B lymphocyte to characterize PADs. Pedi-
atricians should suspect it to detect it and prevent morbidities that can have an astonishing
and irreversible impact on the child’s life.
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ver 430 distinct genetic abnormalities result in Human
nborn Errors of Immunity (HIEI)1 and represent ‘‘An expand-
ng universe’’.2 Hypogammaglobulinemia is a feature of
everal forms of HIEI, including Predominantly Antibody Defi-
iencies (PADs) and Combined Immunodeficiency affecting
nfants and young children. A global systematic review of
ID registries (104,614 patients)3 and the Jeffrey Modell
enters Network (JMCN) global report (187,988 patients)4

gree that PADs (51.9% vs. 45.1%, respectively) and com-
ined immunodeficiency (11.8% vs. 6.1%, respectively) are
he most often reported HIEI in the world. The number of
ales affected is higher than females (5 vs.1.3), highlight-

ng the X-linked disorders. When consanguinity is present,
he frequency of AR increases.3,4 With rare exceptions, PADs
re not obvious at birth but become evident when the
ffected individual is exposed to pathogenic microorganisms
nd develops recurrent or chronic infection, or responds to
he antigens with dysregulation of immune function causing
evere allergy, autoimmunity, inflammation, lymphoprolif-
ration, and malignancy.5---8 As the immune system has high
onnectivity and is present in all tissues, it is natural that the
nfectious and non-infectious manifestations of the genetic
rrors of the immune system can be revealed in any tissue
hematopoietic, gastrointestinal, respiratory, osteoarticu-
ar, muscular, skin, central nervous system and peripheral
ervous system) and at any age. The pediatrician has the
hance to be the first to suspect primary immunodeficiency
hrough family history, infectious history, the number of neu-
rophils and lymphocytes in the blood count and the thymic
mage when there is a need to perform chest X-rays. The
pportunities for this diagnostic suspicion continue in each
linical childcare consultation and in each lab test result
erformed.

The B-cell lineage defect is inherent to the B cell itself,
ut is often secondary to abnormal T lymphocytes, which
annot provide adequate signals for B lymphocytes to thrive.
hus, as a rule, altered B-cell population accompanies T-

ymphocyte abnormalities.9---12

The patients may also have serious adverse events with
ive strain vaccines (such as yellow fever, polio, measles,
umps, rubella and rotavirus) or by acquiring infections

rom healthy individuals who have not been immunized
r who are shedding live vaccine-derived viruses.5---8,13

uring the yellow fever vaccination campaign (2018), a 10-
onth-old boy developed a yellow fever vaccine-associated

eurological disease as the first sign of XLA (personal
ommunication). Early diagnosis with newborn screening
akes it possible to prevent these complications. Screening
rograms utilize TREC assay for SCID, and B cell lymphopenia
an be detected through quantification of KREC.14 Further-
ore, the form of gene therapy is a hope for potential cure

or these patients.7

Most frequencies of PADs3,4,8 show a varied prevalence
orldwide, and its clinical profile will also vary,12,15 as
ell as the phenotype in patients with similar variants.16
he International Union of Immunological Societies’ Inborn
rrors of Immunity Committee (IUIS-IEI) reported 39 genes
ausing PADs and assembled the disorders according only to
he serum immunoglobulin levels and B-cell number:1
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. Severe reduction in all serum immunoglobulin isotypes
with profoundly decreased or absent B cells, agamma-
globulinemia;

. Severe reduction in at least 2 serum immunoglobulin
isotypes with normal or low number of B cells, CVID phe-
notype;

. Severe reduction in serum IgG and IgA with nor-
mal/elevated IgM and normal numbers of B cells, hyper
IgM;

. Isotype, light chain, or functional deficiencies with gen-
erally normal numbers of B cells.

PADs consist of a phenotype’s spectrum that ranges from
he relatively mild, such as IgAD and THI, to those with 
evere antibody loss, as in XLA, CVID, and HIGM.5,10,17 The 
ost prevalent symptomatic form of PAD is CVID, defined 
y profoundly low IgG and IgA and/or IgM as well as fail-
re to mount antibodies against vaccination.12,17,18 The 
erm ‘‘variable common immunodeficiency’’ was created 
y WHO and redefined in 2009 by the Primary Immunodefi-
iency Diseases (PID) Classification Committee of the IUIS.17

atients with PADs have recurrent infections with encapsu-
ated bacteria or a history of failure to respond to antibiotic 
reatment. However, those individuals affected by SIgAD or 
HI may have few or no infections.10 This minireview, which 

s limited in scope, provides an overview of the clinical fea-
ures of the XLA, CVID, HIGM, SigAD, and THI.

evere reduction in all serum immunoglobulin 
sotypes with profoundly decreased or absent B 
ells, agammaglobulinemia

n this group, XLA9,10,19,20 and ARA10,18 are caused by 
 differentiation defect inherent to the B-cell lineage 
n bone marrow, resulting in very low or absence of 
erum IgM, IgG, IgA, IgE levels, absent or very low B-
ymphocyte <1---2% (CD19) and failure of antibody production 
o vaccines.9,10,19,20 The tonsils, spleen, adenoids, Peyer’s 
atches and lymph nodes where B cells undergo maturation,
ifferentiation, and storage have reduced size.7,10

Phenotypically, ARA and XLA are often indistinguish-
ble but different inheritance. Both are highly suscetible 
o infections with encapsulated bacteria but also to 
nteroviruses.10,21,22

-linked agammaglobulinemia (XLA)
LA is caused by defects in Btk (gene) encoding Bruton Tyro-
ine Kinase (Btk) and accounts for 85% of cases of congenital
gammaglobulinemia.10,19,20 The estimated incidence ranges
rom 1:100,000 to 1:200,000 live births.8---10 BTK is expressed
n all lineages of hematopoietic cells except for T cells and
lasma cells.9,10 The BTK mutational consequences affect
he expression of hundreds of genes, proteins, and molecular
egulators.23---25

The first case reported by Ogden Bruton (1952)26 was
n 8-year-old boy who had suffered recurrent invasive

neumococcal infections from the age of 4.5 years and
n whom agammaglobulinemia was confirmed by using
lectrophoresis.26,27 Bruton not only realized that there
as a connection between the clinical and absence of the
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ammaglobulin fraction, but also successfully treated this 
oy with replacement immunoglobulin therapy.26 Sub-
equent cases revealed an X-linked pedigree27,28 with 
amily history in 40% of the affected individuals.7,8 

early 927 mutations have been associated with the dis-
ase in 1757 patients.29 Our group has been the first 
o publish the molecular diagnosis of XLA in Brazilian 
atients.30,31 Although it has not been possible to corre-
ate the genetic defect with the severity of the clinical 
henotype,7,10,16 it is possible that the nonsense mutations 
irecting to RNA decay may affect BTK expression with its 
ypoexpression.32

LA diagnosis evaluation
iagnosing relies first on detailed family history and infec-
ion history, with age of onset, frequency and duration of 
reatments, and if known, organisms that might suggest a 
rimary B-cell defect or a combined B and T-cell immune 
efect. XLA diagnosis accounts for male patients with onset 
f recurrent infections most often during the first year of 
ife, when transferred maternal IgG has been catabolized 
nd the mother stops breastfeeding.33 Before the age of 
 years, the child required one or more hospitalizations. 
n a large study with 783 XLA patients,8 they reported 
accine-associated paralytic poliomyelitis in countries with 
ttenuated live polio vaccination; acute and chronic lung 
iseases accounted for 41% of the deaths; inflammatory 
owel disease and enteroviral meningoencephalitis were 
ore prevalent in South American patients; large granu-

ar lymphocyte disease, among others, was enumerated in 
0.3% of patients.

Initial laboratory tests include a complete blood count, 
uantitative serum levels of IgM IgG, IgA, IgE and anti-
ody titers in response to vaccines (tetanus and diphtheria 
oxoids, Haemophilus influenzae, measles, mumps, rubella, 
aricella, pneumococcus, hepatitis A or B, influenza virus) 
o fully validate the immune defect.5,7,8,10,33 The next step 
s a lymphocyte phenotyping using flow cytometry, which 
ocuments normal T-cell numbers but <1---2% B cells. To 
onfirm the diagnosis, genetic testing to look for variants 
n Btk gene can be performed. A confirmed family his-
ory of XLA can serve as a surrogate for genetic
esting.7,33

pectrum of bacterial infections in XLA
epsis, meningitis, or cellulitis due to H. influenzae and S. 
neumoniae in a vaccinated child should elicit an evalua-
ion for PAD.5,7,8,18 After the onset of IRT, serious infections 
ecrease, but they continue to have otitis, sinusitis, and 
r conjunctivitis.7,18 Pseudomonas or Staphylococcal sepsis 
ay occur in infants with neutropenia.34 Non sporulat-

ng gram negative rod campylobacter jejuni infections 
ause sepsis, gastrointestinal disease, erysipelas-like skin 
esions, pericarditis, and recurrent fever.18 Chronic diarrhea 
s caused by C. jejuni. Pneumocystis jirovecii pneumonia 
s rare.18 Fastidious organisms related to C. jejuni or Flex-

spira rapini have been reported in patients on Ig therapy.18 

ystemic Ureaplasma urealyticum or Mycoplasma species 
re frequent in the respiratory tract, joints and urogenital 
ract.18

a
m
r
t
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pectrum of viral Infection in XLA

ARS-CoV-2 infection
 report of two XLA patients with SARS-CoV-2 infection, 
ged 34 and 26 years, who developed interstitial pneumonia 
nd lymphopenia, fever, cough, and anorexia, elevation of 
RP and ferritin, but never required oxygen ventilation or 

ntensive care.35 Two other adults, XLA and ARA, both with 
OVID-19, presented with mild symptoms, short duration, 
o need for drugs, and had a favorable outcome.36 Apart 
rom that, the COVID-19 course was severe in 5 patients 
ffected with CVID, requiring drug treatment and mechan-
cal ventilation.36 It is speculated that the absence of BTK 
ould advantage XLA patients.35 Other three XLA patients 
10 y.o., 24 y.o., and 40 y.o.) with COVID-19 displayed strong 
ro-inflammatory responses in the absence of B cell, failed 
upportive treatment but recovered after receiving conva-
escent plasma.37 Therefore, more observational studies are 
ecessary to extend these experiences to other patients with 
imilar genetic immune defects.

nterovirus
LA patients are susceptible to norovirus and 
evere enterovirus infections such as Echo virus and 
accine-associated paralytic poliomyelitis (VAPP) from 
ive-attenuated oral poliovirus vaccine (OPV) and 
hinovirus.8,10,24,38 They are possibly also suscetible to 
rbovirus. However, they are not susceptible to herpes 
amily, cytomegalovirus, varicella, or Epstein Barr virus, 
nd H1N1 virus.24 The use of IRT has decreased the inci-
ence of enteroviral infections manifesting as chronic 
eningoencephalitis, hepatitis, or dermatomyositis-like 

nfections.21 Early literature on XLA found 15% to 20%
f patients infected by enteroviral meningoencephalitis 
ven in the presence of Ig therapy.22 Brain biopsy is 
ecommended as soon as a neurological complication is 
uspected. Gait disturbances, progressive spastic tetra-
aresis, intellectual and speech deterioration, no infectious 
gent identified, periventricular demyelinating and cortical 
trophy associated with stereotactic brain biopsy are all 
igns of progressive multifocal leukoencephalopathy (PML) 
n agammaglobulinemia.39

astrointestinal manifestations
mpaired humoral immunity and intestinal abnormalities 
Table 1) have been observed in XLA, ARA, CVID, IgAD 
nd other genetic defects. Causes of chronic or recurrent 
iarrhea in XLA and ARA have included Giardia lamblia, 
otavirus, Campylobacter fetus, enterovirus, Salmonella, 
nd cryptosporidia.5,10,18 Since gastrointestinal manifesta-
ions are present in up to 35% of XLA patients, with 
BD/enteritis diagnosed in up to 10% of patients, a close 
onitoring is necessary.40

alignancy
ates of malignancy in XLA are reported to be between 1.5 
nd 6%, with patients most likely to develop lymphoprolifer-

tive disorders (B or T-cell lymphoma, Hodgkin’s lymphoma, 
yelodysplastic syndrome, leukemia, carcinoma; and, 

arely, melanoma, medulloblastoma, neuroblastoma, or gas-
ric cancer and colorectal cancer) (Table 2).7,8,41
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Table 1 Predominantly antibody deficiency associated with gastrointestinal manifestations.

X-linked agammaglobulinemia IBD, chronic diarrhea, lymphoid nodular hyperplasia
� heavy-chain deficiency Enterovirus-induced diarrhea and vomiting
Ig� deficiency Recurrent chronic diarrhea
BLNK deficiency Enterovirus-induced diarrhea and vomiting

Severe reduction in ≥ 2 isotypes of Ig/common
variable immunodeficiency phenotype

PIK3CD Variant (GOF) Primary sclerosing cholangitis
PIK3RI Variant (LOF) Chronic diarrhea
PTEN Variant (LOF) Hepatomegaly, hamartomatous polyps
Trichohepatoenteric Syndrome TTC37 Variant Chronic diarrhea
ATP6AP1 Variant Hepatic dysfunction

Hyper IgM: severe reduction of IgG and IgA, normal
or high IgM and normal B lymphocytes

AID deficiency IBD, autoimmune hepatitis
Lynch syndrome MSH6 Gastrointestinal malignancy

Functional IgG deficiency
Normal B lymphocytes, with selective IgA deficiency Lymphoid Nodular Hyperplasia, celiac disease, chronic diarrhea

Table 2 Predominantly antibody deficiencies associated with hematological malignancies.

Primary immunodeficiency Associated hematological malignancy Genetic defect Inheritance OMIM

BTK deficiency Lymphoma Leukemia BTK XL 300300
Common variable immunodeficiency Lymphoma Leukemia Unknown Variable
PIK3CD mutation GOF Lymphoproliferative disease Lymphoma PIK3CD GOF AD 602839
PRKC-delta deficiency LOF Lymphoproliferative disease PIK3R1 AD 616005
MSH6 deficiency Lymphoma Leukemia MSH6 AR 600678
Selective IgM deficiency Lymphoma Unknown Unknown

OF,
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AR, autosomal recessive; AD, autosomal dominant; XL, X-linked; G

utoimmunity
rthritis, inflammatory bowel disease (IBD) or other inflam-
atory conditions have been showed to be prevalent in

hese patients.5,7,8,10,42 Data from the USIDNET registry
howed 12% of XLA patients reporting arthralgia or joint
welling, with 16% having a diagnosis of arthritis, which fre-
uently responds to IRT. Because of lack of immunoglobulins,
utoantibody analysis is of no value, and ESR is normal.

utosomal recessive agammaglobulinemia (ARA)
RA corresponds to 15% of all patients with a B-lymphocyte
ifferentiation arrest, caused by defects of the BCR struc-
ure itself, including the � heavy chain gene mutations
IGHM OMIM 147020), surrogate light chains VpreB and
5 (IGLL1 OMIM 146770), Ig� (CD79A OMIM 112205), Ig�
CD79B OMIM 147245), B-cell linker (BLNK MIM 604515),
110� (PIK3CD OMIM 602839), p85 (PIK3R1 615214), E47
ranscription factor (TCF3 OMIM AD 616941; OMIM AR
47141), SLC39A7(ZIP7) SLC39A7 OMIM 601416), Hoffman
yndrome/TOP2B (TOP2B OMIM 126431).1,10,18 Clinically, �
eavy chain gene mutations (IGHM OMIM 147020) is a
ore severe phenotype, with higher incidence of enterovi-

al infections, Pseudomonas sepsis, and neutropenia than

atients with mutations in BTK. Gene defects of Ig�
nd Ig� are very rare, and the patients have recurrent
inopulmonary infections, chronic diarrhea with malab-
orption and dermatomyositis-like manifestations, and

o
d
g
l

S70
gain of function.

ometimes neutropenia. E47 Transcription Factor/TCF3 defi-
iency autosomal recessive (OMIM: 147141) includes severe, 
ecurrent bacterial infections and failure to thrive, agamma-
lobulinemia and B-cells have increased expression of CD19+
ut absence of a BCR.1,5,10,18

Autosomal dominant agammaglobulinemia was reported 
s a result of mutations in the LRRC8A gene on chromosome 
q34 in a 17-year-old girl (OMIM: 613506) and TCF3 gene on 
9p13.3 (OMIM: 616941).8,18

anagement
he measures to prevent infections are frequent handwash-

ng, good respiratory hygiene, and only ingesting drinking 
ater. IRT has reduced the rate of infections and hospi-

alizations. However, a few uncommon pathogens to which 
he donor pool has not been exposed are not precluded. 
n emerging route of administration is via subcutaneous 

njections (SCIG); only IgG is replaced. In addition to 
VIG, treatment with antibiotics for active infections should 
e done.7,8,10,18 Regular monitoring is recommended for 
ecurrent pneumonia, bronchiectasis, chronic sinusitis, and 
hronic bronchitis using imaging studies. Hematopoietic 
tem cell transplantation (HSCT) is an alternative. The risks 

f allogeneic HSCT, such as rejection and graft-versus-host-
isease, make the treatment option less safe.7 However, 
ene therapy is emerging as a promising possibility of 
ifetime cure for these patients, foregoing the need for long-
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erm immunoglobulin therapy, eliminating the risks brought 
n by recurrent infections, restoring B-lymphocyte functions 
nd potentially ensuring adequate BTK expression on other
mmune cells.7

evere reduction in at least 2 serum 
mmunoglobulin isotypes with normal or low 
umber of B cells, CVID phenotype

VID was first recognized in 1954 and has been the most 
revalent form of PAD.43 CVID can be described as a collec-
ion of late-onset hypogammaglobulinemia syndromes. The 
iagnosis is commonly applied to male or female patients, 
ge greater than 4 years, with low levels of serum IgG, IgA, 
nd/or IgM, as well as failure to mount antibodies against 
accination, to both protein and carbohydrate antigens.5,6,33 

Causes of primary or secondary hypogammaglobuline-
ia, such as bone marrow infiltrative disease, medications 

Azathioprine, Cyclosporine, D-penicillamine, Gold, Sul-
asalazine, Carbamazepine, Levetiracetam, Oxcarbazepine, 
henytoin), and immune globulin losses (in the gut or urine), 
s well as all other genetic defects must be excluded.5,6,17,33 

VID patients have low to normal numbers of circulat-
ng B cell, failure in the differentiation of B cells into 
mmunoglobulin-secreting plasma cells, reduced numbers of 
sotype switched CD27+ memory B cells, increases in CD21 
ow or increased transitional B cells, reduced T cell num-
ers, cytokine defects, defective lymphocyte proliferative 
o mitogens and antigens, abnormal lymphocyte trafficking, 
ysregulated cellular responses to chemokines, defective 
endritic cell and innate immune interactions, uncon-
rolled T-cell polarization, and more recently described, 
n inflammatory role of innate lymphoid cells.6,10,11,33 The 
dentification of CVID familial cohorts and the progression 
f some IgA-deficient patients to CVID indicate a strong 
ontribution of genetics. However, the genetic basis has 
een determined in only 10% of CVID cases.11,17 Polymor-
hisms in the costimulatory molecules CD18, CD19, CD20, 
D21, ICOS, TACI, and BAFF have all been linked to CVID. 
his correlation is because B cells from patients with 
VID are inhibited in their ability to develop into class-
witched memory and plasma cells, a maturation process 
hat requires adequate costimulation. Around 40 genetic 
efects have been identified in 571 patients with a CVID 
henotype from three cohorts: US, Sweden, and Iran; 235 
74 subjects with mutations; 31%), 128 (46 subjects with 
utations; 36%), and 208 (113 subjects with mutations; 

4%) patients respectively.11 These data show a multiplic-
ty of genes identified, reflecting the complex requirements 
f B-cell antigen signaling, activation, survival, migra-
ion, maturation, and maintenance of antibody-secreting 
emory B-cell populations to the plasma cell stage.11 Spe-

ific clinical patterns of illnesses were also not linked to 
ny given gene defect as there was considerable over-
ap in clinical presentations.11,17 Chapel et al. (2008)12 

dentified five distinct clinical phenotypes in CVID: no 
omplications, autoimmunity, polyclonal lymphocytic infil-

ration, enteropathy, and lymphoid malignancy.12 Currently, 
he clinical spectrum of CVID consists of mainly two phe-
otypes: one predominated by recurrent infections, while 
n approximately 25---50% of patients autoimmune and/or

t
a
l
a
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nflammatory features are present, including enteropathy
Table 1), noninfectious immune-mediated lung disease
nd/or granulomatous disease, which lead to significant
orbidity and mortality.10,11,17 Bronchiectasis is frequent,

nd liver dysfunction with nodular regenerative hyperplasia
eading to portal hypertension, or primary biliary cirrhosis
nd/or granulomatous disease have been reported in 10% of
atients. Approximately 25% of patients have splenomegaly
nd/or generalized lymphadenopathy, leading to concern
or malignancies,6,17 particularly non Hodgkin’s lymphoma
Table 2), and have an estimated 1.8- to 5-fold increased
isk of developing cancers of all types.6,17 For the US and
wedish cohorts, CVID subjects with lymphoid infiltrations
r inflammatory or autoimmune complications were more
ikely to have an identifiable gene, but in both cohorts the
ajority of subjects CVID with no gene defect specified had

o potential gene that could currently be assigned.11

espiratory manifestation
neumonia caused by H. influenzae and S. pneumoniae
ay lead to pleurisy, empyema, and bronchospasm, which

ead to chronic lung disease, as reported in 28.5% of 473
atients with CVID.6,10,17,44 The survival was significantly
educed compared to those without chronic lung disease.
arly prophylactic antibiotics and immunoglobulin replace-
ent therapy (IRT) can reduce respiratory infections and
ecrease morbidity and mortality from pulmonary disease
n PADs.6,10,17,44 Chronic lung disease progresses in many
atients, in part by immune dysregulation occurring inde-
endent of infection and also due to mucosal IgM and
gA responses’ deficiencies. Chest imaging and pulmonary
unction testing (PFT) form the basis of the diagnostic work-
p of chronic lung disease, with lung tissue biopsy when
ndicated.44

Asthma and chronic obstructive pulmonary disease
COPD) has been reported in IgAD, 15% to 50% of those with
VID and 5% of patients with XLA. The etiologies must be
onsidered in PADs to prevent it from being misdiagnosed as
sthma.6,17,44

Bronchiectasis is associated with a history of pneumonia,
lder age, chronic cough with purulent sputum, occasional
emoptysis, and dyspnea, as well as reduced levels of CD4+ T
ells and lower levels of IgA and/or IgM. Airflow obstruction
s often evident on PFT, and diagnosis is made by CT.17,44

Interstitial lung disease (ILD) occurs in 10---20% of patients
ith CVID, but 64% of patients with respiratory symptoms
ave images of ground glass opacity and/or numerous pul-
onary nodules in the CT. ILD is more common in CVID

ssociated with autoimmunity and T-cell deficiency than in
LA, and in IgAD patients with autoimmunity and IgG sub-
lass deficiency. ILD pathology in patients with PAD consists
n forms of benign pulmonary lymphoproliferation, usually
ollicular bronchiolitis (benign hyperplasia of lymphoid fol-
icles), lymphocytic interstitial pneumonia (LIP), or nodular
ymphoid hyperplasia.6,17,44

Granulomatous inflammation and organizing pneumo-
ia may also be found in the lungs of patients with PAD

ogether with one of the lymphoproliferative pathologies,
nd the term granulomatous and lymphocytic interstitial
ung disease (GLILD) is frequently used to describe the ILD
ssociated with PAD.6,17,44 The role of B cells in determin-
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ng lung inflammatory disorders is also demonstrated by the
bservation that GLILD occurs in 10% of patients with CVID
nd can be treated with B-cell-depleting drugs.44

eurologic manifestations
eningitis is the most common neurologic manifestation of
VID. The rare neurological diseases in CVID include axonal
ensory-motor polyneuropathy as autoimmune involve-
ents, transverse myelitis, progressive neurodegeneration,

erebral vasculitis causing recurrent occipital headaches,
rain granulomatous lesions, free radical mediated neuronal
amage due to vitamin E deficiency, including sensory loss,
taxia, retinitis pigmentosa, subacute combined degener-
tion of the cord secondary to vitamin B12 deficiency,
eroneal muscular atrophy, Guillain-Barré syndrome and
yasthenia gravis.6,10,11,17,45

evere reduction in serum IgG and IgA with
ormal/elevated IgM and normal numbers of B
ells, hyper IgM

yper IgM syndrome
‘Hyper-IgM syndromes (HIGM)’’ are rare, characterized by
mpaired production of switched immunoglobulin isotypes
IgG, IgA, IgE) and normal or elevated IgM levels. Some defi-
iencies are caused by defects in CSR machinery and are
ntrinsic B-cell defects, due to variants in AID and UNG.5,10,46

n contrast, CD40 ligand (CD40L) and CD40 deficiencies
re combined immune defects with impaired interaction
etween activated CD4+ T cells expressing CD40L and cell
ypes expressing CD40, which include B cells, dendritic cells,
onocytes/macrophages, platelets, and activated endothe-

ial/epithelial cells.5,10,46 CD40L on activated T cells and
ognate interactions with CD40 on B cells result in B-
ell proliferation, adhesion, and finally, differentiation.5,10

D40L deficiency is inherited as an X-linked trait and is
he most common form of HIGM; its estimated frequency
s 2:1,000,000 males.10 CD40L deficiency often presents in
nfancy with recurrent sinopulmonary infections, caused
y Streptococcus pneumoniae and Haemophilus influenzae,
nd higher risk of opportunistic infections by Pneumocys-
is, Cryptosporidium, and Histoplasma organisms. Patients
an often have chronic and recurrent diarrhea due to
nfection with Cryptosporidium parvum, with increased
isk of biliary tract diseases such as sclerosing cholangi-
is and cholangiocarcinoma.5,10,46 Chronic viral hepatitis,
MV infections, Cryptococcus and Toxoplasma infections, JC
irus-related enteroviral meningoencephalitis and progres-
ive multifocal leukoencephalopathy (PML)5,10,46 have been
eported. Recurrent oral ulcers and proctitis, often associ-
ted with chronic or cyclic neutropenia are common in half
f the patients.10 Autoimmune complications include throm-
ocytopenia and autoimmune hemolytic anemia.5,10 Patients
ith CD40L deficiency also have an increased risk of malig-
ancies of hepatobiliary origin including hepatocellular
arcinoma, cholangiocarcinoma, peripheral neuroectoder-
al tumors of the gastrointestinal tract and with a lesser
ncidence of lymphoma.5,10 CD40 recessive mutations in the
-cell surface receptor CD40 (OMIM: 109535) are very rare,
nd the patients have similar clinical features as CD40L
eficiency.10

o
f
r
t

S72
ela

sotype, light chain, or functional deficiencies
ith generally normal numbers of B cells

elective IgA deficiency

elective IgA deficiency (SIGAD) is the most common PAD, 
ith incidence varying between 1:143 and 1:18,500.5,10 

t affects males and females equally and is defined as 
 serum IgA level of less than 7 mg/dL and normal lev-
ls of serum IgG and IgM in a patient older than 4 
ears.5,10,33 Primary IgA deficiency must be distinguished 
rom secondary causes due to anticonvulsant medications 
phenytoin, carbamazepine, valproic acid), anti-rheumatic 
rugs (sulfasalazine, hydroxychloroquine), and nonsteroidal 
nti-inflammatory drugs.10,46 Impaired switching to IgA or a 
ailure of IgA producing B-cell maturation into IgA secret-
ng plasma cells have been intensively investigated.5,10 

linically, two-thirds of patients remain asymptomatic, 
hereas symptomatic patients suffer from allergies, recur-

ent sinopulmonary and mucosal infections, both infectious 
nd non-infectious gastrointestinal diseases, and gastroin-
estinal and lymphoid malignancies.5,10 Autoimmunity also 
ppears. The pathophysiology of SIGAD remains unknown.10 

ssociations with selected MHC alleles and higher frequency 
ithin families with autoimmunity or other immune defects 
ave been reported. Patients with SIGAD have progressed to 
VID,10 suggesting further monitoring.

ransient hypogammaglobulinemia of infancy (THI)
 disease first described in 1956,47 the patients with THI 
ave low IgG levels (2 SD below the mean for age-match 
ontrols) with possible involvement of IgA and, less fre-
uently, IgM that spontaneously return to normal, usually 
ithin 2---3 years of age, although it often varies.5,10 Most 

ubjects with THI remain asymptomatic; however, in some 
atients it can be associated with a higher rate of recur-
ent infections.5,10,47 A prospective study of infants with 
HI showed that those with a low number of memory B 
ells and inability to produce IgG in vitro were associ-
ted with persistence of hypogammaglobulinemia and an 
ncreased risk of infection beyond 2 years of age.10 The eval-
ation of THI should include specific antibody responses to 
ge-appropriate vaccines and immunophenotyping by flow 
ytometry to exclude other immune defects.5,10 Vaccines’ 
ntibody responses are often intact.5,10 THI is self-limited, 
nd patients should be monitored over time until levels have 
ormalized.5,10 However, the defect may be a harbinger of 
 more permanent immune defect.10

onclusion

he IUIS expert committee assembled these complex exper-
ments on the nature of PADs, using only two biomarkers: 
he serum Ig levels and B-cell number. The physiopathology 
f these disorders involves variants in cytoplasmic tyro-
ine kinase BTK in XLA, and variants of the components 

f the BCR in ARA. Both reveal the secrets of BCR signals 
or the maintenance of mature B-cell populations. CVID 
evealed that BAFF, CD19, CD20, CD81, and CD21 recep-
ors are essential for amplification of BCR signaling. The
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-linked  HIGM  syndrome  revealed  that  CD40L  is  essential
or  Ig  class  switch,  germinal  center  formation,  and  CD27+

emory  B  cells.  Other  HIGM  defects,  CD40,  AID  and  UNG
eficiency,  PIK3R1  and  INO80  chromatin  remodeling  complex
llustrate  the  additional  requirements  for  these  functions.
hese  advances  suggested  important  avenues  for  therapies.
he  advent  of  next-generation  sequencing  has  greatly  facil-

tated  the  search  for  novel  causative  genes  in  PADs,  mainly
n  CVID.  Currently,  the  easy  access  and  low  cost  of  blood
ount  and  immunoglobulin  dosage  justify  that  they  be  per-
ormed  in  the  second  half  of  the  normal  child’s  life,  as  an
ssessment  of  the  ontogeny  of  the  immune  system.
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