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and common variable immunodeficiency in children -
what should paediatricians know?
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ABSTRACT

Aim of the study: To present relevant clinical features of X-linked agammaglobulinaemia (XLA) and common
variable immunodeficiency (CVID) in children, helpful in the everyday practice of paediatricians and general
practitioners. To analyse the similarities and differences between XLA and CVID.

Material and methods: The retrospective analysis of the onset of symptoms, age of clinical diagnosis, basic
immunological parameters, and infectious and non-infectious complications in 11 XLA and 21 CVID patients
from a single centre was carried out.

Results: XLA boys presented the first symptoms in the second half of the first year of life. They had extremely
low B-cell numbers (mean: 15 cells/pl, 0.45%), and immunoglobulin levels (median IgG: 0.38 g/1). Patients
with CVID presented later occurrence of symptoms (median: two years), higher numbers of B cells (mean:
304 cells/pl, 12.5%), and higher immunoglobulin G levels (median: 2.92 g/1), but lower T CD4 cells. IgM and
IgA levels were diminished in both groups, with lower values in XLA patients. Relevant differences (p < 0.05)
in B-cell numbers and IgG levels between XLA and CVID groups were observed. Severe clinical complications
such as chronic lung disease, bronchiectasis, autoimmune disorders, splenomegaly, and lymphadenopathy
were more often observed in CVID.

Conclusions: An earlier onset of symptoms, extremely low B-cell numbers and immunoglobulin levels, and
normal numbers of T cells point to XLA. Hypogammaglobulinaemia accompanied by non-infectious compli-
cations and diminished CD4 T cells are more suggestive of CVID. Greater awareness between paediatricians
and general physicians should lead to a proper diagnosis, earlier treatment, avoidance of severe life-threatening
complications, and better quality of life.
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INTRODUCTION

Primary antibody deficiencies (PADs) constitute the
largest group of primary immune deficiencies (PIDs)
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and account for approximately 55% of all PIDs in Eu-
rope (www.esid.com) and up to 78% in the USA [1]. The
spectrum of antibody disorders is very wide, ranging
from markedly reduced immunoglobulin levels and ma-
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ture B cells to selective antibody deficiency and normal
numbers of B lymphocytes. Patients with severe antibody
deficiencies usually present symptoms in the second half
of the first year of life, until maternal antibodies have de-
creased below the protective level. Affected individuals
share a clinical phenotype with recurrent or severe infec-
tions of the respiratory and gastrointestinal tract, chronic
inflammation, and autoimmune phenomena. Encapsu-
lated bacteria, such as Streptococcus pneumoniae or Hae-
mophilus influenzae are the most common pathogens,
while fungal and viral infections are hardly ever observed.

Among humoral defects, X-linked agammaglobuli-
naemia (XLA) and common variable immunodeficiency
(CVID) are the most frequent symptomatic PADs. The
incidence of CVID is estimated between 1 : 20,000 and
1:200,000 [1, 2]. Clinically it is a heterogeneous group
of disorders, with the different onset of symptoms from
childhood to adulthood, and a broad spectrum of symp-
toms including infections, autoimmunity, enteropathy,
lymphoid malignancy, and granulomas. The pathogenesis
of that syndrome is not clear, but either B-cell or T-cell
differentiation failure is described as well as ineffective
differentiation of B cells into memory cells and further
into plasma cells [2-6]. According to ESID criteria (www.
esid.org), CVID can be recognised in children over four
years old, but earlier onset of symptoms may be observed.
Although CVID is usually diagnosed in adulthood, vari-
able proportions of children have such diagnosis [7, 8].

XLA presents one of the most frequent monogenic
immune deficiencies with almost complete arrest of B-cell
differentiation in bone marrow at pre-B-cell stage due to
a defect in the Bruton’s tyrosine kinase (Btk) gene. Fol-
lowing this defect in XLA patients a marked reduction
of all classes of immunoglobulin and specific antibody
response to immunisation is observed [9-11].

To prevent severe infections in the course of antibody
deficiency life-long replacement immunoglobulin thera-
py (RIgT) is indicated for both groups [12-15]. Delayed
diagnosis and inadequate treatment may lead to severe
organ damage, worse quality of life, or even death of af-
fected individuals. Awareness among paediatricians, gen-
eral physicians, and nurse practitioners of PADs leads to
proper diagnosis and treatment. Clinical and laboratory
analyses of different types of PADs have been reported
[13-18]. Less is known about the direct comparison of
XLA and CVID in the paediatric population.

In this study, we present and compare clinical courses
of XLA and CVID in children and point out the relevant
teatures helpful for paediatricians to plan further diagnos-
tics and start treatment.

MATERIAL AND METHODS

The study group included 11 boys with a definitive
diagnosis of XLA and 21 children (17 boys and four
girls) with a probable diagnosis of CVID according to

ESID criteria (www.esid.org.com), under the care of one
of the largest centres for primary immunodeficiencies in
children between 1990 and 2016. Clinical and laboratory
data of patients were collected retrospectively from med-
ical records. Serum immunoglobulin levels (G, A, M)
were determined at diagnosis, according to generally
accepted methods and compared to reference values for
age-matched healthy groups. The percentage of peripher-
al blood lymphocyte subpopulations were determined by
conventional three-colour direct immunofluorescence,
with conjugated monoclonal antibodies (mAbs): CD4+/
CD8+/CD3+, and CD3+/CD56+/CD19+. Molecular
analyses of XLA were done in all 11 boys courtesy of the
Department of Immunology, Erasmus MC, Rotterdam.
The results were evaluated using the Mann-Whitney
two-sided rank U-test measured by means of Statistica
for Windows release 5.0 (www.statsoft.com). The dif-
ferences between the studied values were considered
statistically significant at a p level < 0.05. The study was
approved by the Bioethics Committee at CMHI, and
written consent was received from the patients or their
parents/guardians.

RESULTS

Table 1 presents clinical and demographic characteris-
tics of XLA and CVID patients. The mean concentration
of IgG before RIgT introduction was significantly lower
(p <0.05) in XLA patients compared to CVID (1.0 g/l vs.
3.2 g/l), and the median was even lower. Two other main
immunoglobulin classes (IgA, IgM) were also low in both
groups, with no statistical significance. As predicted, the
number and percentage of B cells were substantially low-
er in XLA. An earlier mean onset of symptoms occurred
in XLA, while more profound diagnosis delay concerned
CVID. The family history was positive in 30% of XLA
patients and sporadic in the CVID group. Neither malig-
nancies nor deaths were reported in either studied group
within the observation time.

The analysis of clinical symptoms and complications
is presented in Table 2. The frequency of respiratory in-
fections was similar in both groups. In CVID ear, nose,
and throat (ENT) infections were observed in over 50%
of patients, while in XLA less frequently. Meningitis or
sepsis were reported more often in CVID patients (19%
vs. 9%). The frequency of bronchiectasis was comparable
in both groups. Granuloma, interstitial pneumonia, or
fibrosis was reported only in single CVID patients. One
boy underwent lobectomy due to pulmonary fibrosis. An-
other one had granuloma in the liver and lungs. Gastroin-
testinal problems, including diarrhoea and inflammatory
bowel disease, were more frequently diagnosed in XLA.
Autoimmune cytopaenias concerned mainly CVID pa-
tients. Almost one third presented neutropaenia, throm-
bocytopaenia, and leucopaenia. In the XLA group neut-
ropaenia was seen in 18%. Over 40% of the CVID group
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TABLE 1. Clinical and demographic characteristics of X-linked agam-
maglobulinaemia and common variable immunodeficiency children

at diagnosis

TABLE 2. Clinical symptoms and complications in X-linked agam-
maglobulinaemia and common variable immunodeficiency children

Symptom/complication, n (%) XLA CVID
Characteristics (n=11) (n=21)
Respiratory tract infections
:\%Sawiglr?cner(\%g)tion @/ 01308* 23'912 Lower respiratory tract 9(81) 18 (86)
Range (g/1) 0.0-4.03 | 0.08-7.7 ENT 4(36) 11(52)
IgA median (g/1) 0.06 0.06 Sinusitis 5 (45) 10 (48)
Mean concentration (g/1) 0.08 0.22 Chronic lung disease
Range (g/I 0.01-0.44 | 0.01-1.21
ge 9/l Bronchiectasis 3(27) 7(33)
IgM (g/1) median 0.24 0.39 — ;
Mean concentration (g/1) 0.19 0.65 Interstitial pneumonia — 2(95)
Range (g/1) 0.02-0.68 | 0.01-3.04 Pulmonary fibrosis - 1(4.8)
B lymphocytes mean percentage (%) 0.45* 12.5 Granulomas
Range (%) 0.0-1.1 0.3-28.7 _
Mean absolute number (cells/pl) 15* 304 L%mg 304
Mean onset of symptoms Ty3m 2y9m Liver — 164.8)
Median 8.5m 2y Organomegaly
Range 3-36m Tm-6y Splenomegaly - 9(42)
Mean age of clinical diagnosis 3y8m 9y7m Hepatomegaly _ 7(33)
Median 3y 9y -
Range 1-7.5y 5-16y (ytopenia
Diagnosis delay Ty6m 7y2m Neutropenia 2(18) 6(29)
Family history 30% 9.5% ITP — 6(29)
Genetic confirmation Yes No Anaemia 10 2(9.5)
Female/male 0/11 417 Leukopaenia - 6(28)
XLA— X—lr/'/r;ked aggrg;naglobulinaemfa, CVID — common variable immunodeficiency, y — years, Lym phadenopathy - 8 (38)
m —months,*p < 0.
’ Gastrointestinal symptoms
Diarrhoea 5 (45) 3(14)
TABLE 3. Phenotypic characteristics of basic lymphocyte subsets in IBD 2(18) 1(4.8)
X-linked agammaglobulinaemia and common variable immunode- X
ficiency (mean values) Malabsorption 1(9) 2(9.5)
Arthritis 2(18) -
Lymphocyte XLA CVID — -
(n=11) (n=21) Meningitis/sepsis 1(9) 4(19)
Lymphocytes [% (cells/ul)] | 44 (3094) 40 (2085) Malignandies - -
(D3 [% (cells/pl)] 88*(2937%) | 76*(1676%) Asthma 10) 6(29)
(D4 [% (cells/pl)] 46* (17309 | 39* (836 dkin infections 2(18) -
(D8 [% (cells/pl)] 30 (1036) 29 (591%) Other
(D19 [% (cells/p)] 0.45* (15) 15(322) Haemophilia A 10) -
(D56 [% (cells/jl)] 9(204) 6 (158") Guillain-Barré syndrome 10) -
CD4/CD8 ratio 15 14 XLA — X-linked agammaglobulinaemia, CVID — common variable immunodeficiency

XLA — X-linked agammaglobulinaemia, CVID — common variable immunodeficiency, *Mann-Whit-

ney U-test (p < 0.05)

had splenomegaly, one third had hepatomegaly, and 38%
had lymphadenopathy. Bronchial asthma was observed
mostly in CVID (29% vs. 9%). Local abscesses or furun-
cles were seen only in XLA boys. In that group, additional
diseases such as haemophilia A or Guillain-Barré syn-
drome were found.

The phenotypical characteristics of basic lymphocytes
subsets (CD3+, CD4+, CD8+, CD56+, and CD19+) are
shown in Table 3. The number and percentage of B cells
were extremely low in XLA. The total number of CD3+
cells was higher in XLA than in CVID (p < 0.05). Sta-
tistically significant reductions were observed within the
absolute numbers and percentage of TCD4+ in CVID vs.
XLA (p < 0.05).
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DISCUSSION

Primary antibody deficiencies account for approxi-
mately 50% of all PIDs in the Polish registry [19]. Among
1700 PID patients followed up in the largest referral cen-
tre, over 50% were diagnosed with PAD and one third
required RIgT. We present the demographic and clinical
data of 11 boys with XLA and 22 children with CVID
diagnosed and treated in one centre.

The median age of disease onset was lower for XLA
compared to CVID (8.5 months of age vs. 2 years), fol-
lowed by a shorter diagnostic delay (3 years vs. 9 years).
Positive family history and earlier disease manifestation
in XLA could result in an earlier diagnosis.

Respiratory tract infections were present in the vast
majority of XLA and CVID individuals. No major dif-
ferences were seen in the frequency of lower respiratory
tract infections (LRTT), accounting for approximately 80-
86% of affected individuals. Similar data were reported in
earlier studies [10, 16, 17, 20]. Tavakol et al. [21] indicate
high frequency (54.5%) of ENT infections in all PAD pa-
tients, especially in CVID compared to other PAD, which
is compatible with our observation.

The gastrointestinal tract is the second organ involved
in infections in PAD patients. In large CVID groups, GI
infections were reported in 14-22% [8, 14, 15]. Multiple
episodes of gastroenteritis were observed in about 19% of
an Italian XLA cohort [11]. In this study, diarrhoea was
more common in XLA than CVID (48% vs. 14%).

Besides infections, autoimmunity, lymphoprolifera-
tion, and granulomas are relevant features of immune
deficiencies. They are more often observed in CVID
than in XLA. Up to 25% of patients with CVID pres-
ent various infiltrative complications, usually diagnosed
between 20 and 40 years of age. The most common is
granulomatous interstitial lung disease and lymphoid
interstitial pneumonia [2, 22]. We observed lung granu-
lomas in three and interstitial pneumonia in two of our
patients; however, they were younger. Splenomegaly or
hepatosplenomegaly are common in CVID individuals.
The relation to some subtypes of CVID classification is
considered [6, 7, 18, 23]. In our material, approximately
40% of patients presented splenomegaly and lymphade-
nopathy, while every third - hepatomegaly. In one CVID
boy liver granuloma was recognised. No XLA males had
such abnormalities.

About 20-32% of CVID individuals develop gastroin-
testinal disorders not related to infections, such as Crohn’s
disease, Crohns-like disease, another inflammatory bowel
disease, or celiac disease [3]. Some authors regard Crohn’s
disease to be more connected with XLA [17]. In our
study, IBD was diagnosed in two males with XLA (18%)
and one girl with CVID (5%), as reported earlier [24].

Mechanisms of autoimmune-associated disorders in
CVID and XLA are not clear and include many theories
from impaired clearance of apoptotic cells to diminished

tolerance and dysregulated T-cell functions [25, 26]. In
CVID autoimmune thrombocytopaenia and autoimmune
haemolytic anaemia are considered the most frequently
observed autoimmune phenomena, with a rate of 5-8%.
Moreover, this can precede the diagnosis of CVID in
some individuals. XLA is considered to have a low risk
of autoimmunity, but some data indicate higher than ex-
pected the incidence of anaemia, thrombocytopaenia, and
neutropaenia [23, 27, 28]. Our own observations showed
a higher prevalence of autoimmune cytopaenia in CVID
compared to XLA patients. The broad spectrum of clini-
cal symptoms in CVID patients presented by Grzesk et al.
is compatible with our observations [29].

The real incidence of malignancies in XLA is not
known. The CVID group is regarded to be at higher risk
of developing a malignancy. Lymphoid malignancies are
more prevalent in younger patients, while adults are more
susceptible to gastrointestinal tract malignancies [6, 17].
None of our patients developed a malignancy. This may
be connected with the younger age of observed patients
and can still be diagnosed in adults.

We noticed a statistically lower percentage and ab-
solute count number of B cells in XLA, while in CVID
- a lower absolute number of TCD3+ and CD4+ lym-
phocytes (p < 0.05).

CONCLUSIONS

Recurrent infections are the most prevalent features of
XLA and CVID and physicians should be aware of such
rare diseases. Early onset of infections in males favours
the diagnosis of XLA, but further diagnostic procedures
should be recommended. Non-infectious complications
including hypertrophy of lymphoid tissue and autoim-
mune cytopaenia are more suggestive of CVID. Greater
awareness of paediatricians and general physicians leads
to proper and earlier diagnosis, easier treatment, and
avoidance of severe life-threatening complications.
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