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Abstract

Purpose Patients with (X-linked) agammaglobulinemia (XLA) suffer from severe, recurrent infections potentially leading
to life-threatening complications such as sepsis, meningoencephalitis and chronic lung disease. Early diagnosis and timely
treatment can prevent infections and secondary complications, emphasizing a role for early detection of XLA via newborn
screening (NBS). Our international multicenter survey study aimed to evaluate self-reported outcomes and parental perspec-
tives in XL A patients to determine whether an early diagnosis is associated with better quality of life (QoL).

Methods QoL-questionnaires included the PedsQL for children and SF-36, CVID_QOL, PADQOL-16 for adults. A new
questionnaire was specifically developed for parents about an early diagnosis of XLA.

Results In total, 88 adult and 65 pediatric XL A patients, and 69 parents from 14 countries completed the survey. Patients
with an early diagnosis reported less severe, recurrent infections and less hospitalization (p<0.05). QoL was significantly
lower in multiple health domains for pediatric and adult patients with a late diagnosis compared to the general popula-
tion. Patients with an early diagnosis reported similar QoL outcomes compared to the general population. Parents showed
immense support for NBS for XL A stating that an early diagnosis prevents emotional insecurity, health damage, unnecessary
diagnostics and allows early access to medical care and informed family planning.

Conclusion Our study has shown supportive evidence to pursue an early diagnosis of XLA from both a self-reported clini-
cal, health related QoL and parental perspective. The main plea from patients and parents is to achieve an early diagnosis for
XLA and severe B-lymphocyte deficiencies with NBS.

Keywords X-linked agammaglobulinemia - XLLA - B-lymphocyte deficiencies - BTK - KREC - Newborn screening -
Quality of life - QoL - Inborn errors of immunity - IEI

Introduction tyrosine kinase (BTK) gene and is the most common

cause of congenital agammaglobulinemia, accounting for
X-linked agammaglobulinemia (XLA) is an inborn error  approximately 85% of cases [2—4]. Autosomal recessive
of immunity (IEI) characterized by defective B-lympho- and dominant forms of agammaglobulinemia and other
cyte development and severely impaired antibody pro-  genetic defects affecting early B-lymphocyte development
duction [1]. XLA is caused by mutations in the Bruton’s have been reported as well [4, 5]. Patients with severe
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agammaglobulinemia develop severe, and/or recurrent
bacterial infections usually around 4—6 months of age when
levels of maternal IgG antibodies decline. Patients are par-
ticularly susceptible to infections caused by encapsulated
bacteria, most frequently resulting in upper and lower
respiratory tract infections, but chronic diarrhea caused
by Giardia lamblia and susceptibility to enteroviruses and
echoviruses, which are implicated in meningo-encephali-
tis, are also described [1, 6, 7]. Treatment consists of life-
long immunoglobulin replacement therapy (IGRT) either
intravenously or subcutaneously. In addition, prophylactic
antibiotics, careful monitoring and supportive therapies
play a role in the treatment of XL A patients [8, 9]. Without
treatment, agammaglobulinemia may lead to chronic lung
disease (CLD) and irreversible lung damage, which is the
main cause of mortality [10-12].

Early detection of IEI in general is important to ensure
optimal treatment to avoid infections and non-infectious
complications [13, 14]. Recent studies have confirmed
that XLA patients with an early diagnosis were less likely
to develop lower respiratory tract infections (LRTI),
which is of great importance as repeated episodes of
these types of infections are highly associated with
the development of CLD and bronchiectasis [15-17].
Previous research has additionally shown that after
diagnosis and initiation of IGRT, rates of severe invasive
infections such as sepsis and meningitis have declined
[18]. However, despite appropriate IGRT and supportive
therapies, patients are not infection free and continue to
experience complications and organ system involvement,
suggesting the need for alternative treatment options [ 16—
18]. A recent survey study showed that hematopoietic
stem cell transplantation (HSCT) may be an effective
and safe alternative treatment option for subgroups of
XLA patients [19]. This study, as well as other studies
on HSCT in IEI patients, highlight that HSCT before
irreversible organ damage has occurred is associated with
better clinical outcomes emphasizing an important role
for early detection via neonatal screening [19-22].

The chronic context of XLLA and severe B-lymphocyte
deficiencies pose a potential burden on the life’s of patients,
which could be associated with reduced quality of life
(QoL). Previous studies have shown lower respiratory-
related QoL and a lower general health-related QoL in XLA
patients compared to a healthy population, in particular those
with bronchiectasis [23]. In addition, having two or more
chronic conditions impacted both physical and mental QoL,
whereas hospitalization was associated with a significantly
decreased physical health QoL [24]. Other studies have
shown comparable QoL to the general population, although
patients were more absent from school and work compared
to the general population [25, 26]. These previous findings
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raise the question whether an earlier diagnosis would result
in fewer chronic conditions or less hospital admissions and
higher health-related QoL.

An early diagnosis of XLA and severe B-lymphocyte
deficiencies could be realized by the introduction of XLA
to newborn screening (NBS) programs. XLA and other
severe B-lymphocyte deficiencies can be detected in
dried blood spots (DBS) via the quantification of kappa-
deleting recombination excision circles (KRECs), an indi-
rect marker for the presence of B-lymphocytes [27, 28].
The primary aim of NBS programs is to identify poten-
tially fatal or disabling conditions in pre-symptomatic
newborns for which timely intervention is available and
critical to improve the outcome. Nowadays, outcomes
should not only be expressed as morbidity and mortal-
ity, but disease burden and QoL should also be taken into
account. Therefore, our multicenter survey study investi-
gated self-reported outcomes in pediatric and adult XLA
patients to determine whether an early diagnosis would
lead to improved QoL. In addition, as screening for a dis-
ease must be acceptable to participants, healthcare profes-
sionals, and the community [29], our study additionally
inquires the opinion of parents of XLA patients on early
diagnosis of XLA. Parents are key stakeholders in NBS
programs and as societal acceptance is a major criterion
when introducing new disorders in NBS programs, their
support is paramount.

Methods
Study Population

Via the European Society for Immunodeficiencies (ESID)
Clinical Working Party, European medical centers were
invited to join the study from 2021 to 2024. Treating physi-
cians selected their own patients with XLA or severe B-lym-
phocyte deficiencies (immunophenotype “total absence of
B-cells”). XLA patients were also contacted via the local
patient organizations with announcements in newsletters,
patient magazines, social media and websites. Participation
was voluntary and returning the completed questionnaire
implied consent. All data was analyzed anonymously. The
study was approved by the Medical Ethics Committee of
Leiden-Den Haag-Delft (LDD) (reference: N22.018).

Questionnaire Design and Scoring

Validated questionnaires were used for different age cat-
egories including PedsQL for pediatric patients (version
4.0), short-Form-36 (SF-36; version 2.0), CVID_ QoL and
PADQOL-16 for adults and a new questionnaire regarding
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early detection of XLA specifically developed for parents
[30-33]. The adult and parental questionnaire included
generic questions on age of diagnosis, number of infec-
tions, hospitalization and treatment. The questionnaire
was not intended to collect detailed clinical outcomes and
only included self-reported clinical parameters. Question-
naires were translated in English, Dutch, German, French,
Polish, Spanish, Italian, Czech, Farsi, Swedish, Turkish,
Ukrainian and Portuguese.

A new questionnaire was specifically developed to
investigate parental perspectives on ecarly diagnosis of
XLA and to evaluate their personal experiences during
the diagnostic process. This 27-item questionnaire was
developed in collaboration with XLA patients, parents
and family members to identify relevant topics and fitting
questions. The questionnaire consisted of three sections:
(A) General information, (B) Statements on early
diagnosis of XLA and (C) Final questions with decisive
arguments. A test phase was conducted to check for the
concept and wording of questions amongst XLA patients
and their families.

Statistics

Statistical analysis was performed with SPSS version
28.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Descriptive statistics were used to describe the
characteristics of the participants. Mann-Whitney U
or independent t testing was used to compare groups.
Cronbach alpha was determined for internal reality and
interclass correlation coefficients for agreement between
parents proxy and self-reported outcomes. For further
details see Supplemental data.

United Kingdom; 68

Results
Characteristics of the Respondents

A total of 153 XLA patients and 69 parents from 14 differ-
ent countries completed the questionnaires (Fig. 1). Of the
XLA patients, 88 were adults with a median age of 31 years
(range 18-71 years; Table 1). The pediatric participants were

Table 1 General characteristics of the participants. For each category
the number of patients/parents (N) and the percentage (%) of the total
number are mentioned

Adult participants Total,
N=88

Age at study, year, mean (SD), 34.2 (12.8)

Age at onset, year, median (IQR)* 1.0 (0.5-2.3)

Age at diagnosis, year, median (IQR) 3.5(1.0-9.0)

Age at start immunoglobulin replacement therapy, 4.0 (1.5-9.0)

year, median (IQR)*

Pediatric and parent participants Total,
N=69

Parent answering the parental questionnaire

- Father, N (%) 16 (24.2%)

- Mother, N (%) 47 (71.2%)

- Father and Mother, N (%) 1(1.5%)

- Legal Guardian, N (%) 2 (3.0%)

- Missing 3
Number of children with XLA
—1 XLA child, N (%)

—2 XLA children, N (%)

51(79.7%)
13 (20.3%)

- Missing 5
Age at onset, year, median (IQR) 1(0.5-2.0)
Age at diagnosis, year, median (IQR) 2 (0.9-4.0)

*Age at onset and age at the start of the therapy was missing for 43
patients. Age at start of the therapy was not included in the pediatric
questionnaire
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in the age groups of 2—4 years old (N=12), 5-7 years old
(N=14), 812 years old (N=16), 13—15 years old (N=20)
and 16-18 years old (N=3). The median age of onset of
symptoms reported by the adult population was 1.0 year (IQR
0.5-28), with a median age at diagnosis of 3.5 years (IQR
1.0-9.0) indicating a diagnostic delay of 2.5 years (Table 1).
The median age at the start of therapy was 4.0 years (IQR
1.5-9.0). The median age at onset of symptoms reported by
parents was 1.0 year (IQR 0.5-2) and the median age at diag-
nosis was 2.0 years (IQR 0.94) implying a diagnostic delay
of 1 year. The average follow-up time equaled the average
age when completing the questionnaire (34.2 years; SD 12.8).
The parental questionnaire was predominantly completed by
mothers (71.2%), one couple completed the questionnaire
together and there was one couple who each individually

filled out a questionnaire. In 20.3% of the cases, parents had
more than one child with XLA.

Clinical Manifestations

Clinical manifestations reported by adult XLLA patients with an
early diagnosis (<12 months of age) or a late diagnosis (>12
months of age) are depicted in Table 2. In total, 79.5% of all
patients experienced severe infections (defined as requiring
hospital admission, intravenous antibiotics, need of oxygen
or fluids to support blood pressure). Recurrent infections (>2
of the same infections or multiple different types of infection)
were reported by 84.6% of patients. The type of infections were
mainly upper and lower RTI (29.5% and 70.5% respectively)
with bronchiectasis mentioned as a complication by 35.2%

Table 2 Clinical manifestations self-reported by adult XL A patients. For each category the number of adult patients (N) and the percentage (%) of

the total number of adult patients are mentioned

Total, N=88 adult Early diagnosis (<12 Late diagnosis (> 12 P-value
patients* months), N=23 patients months), N=64 patients
Severe Infections, N(%)
- Yes 70 (79.5%) 15 (65.2%) 54 (84.4%) 0.02
-No 15 (17.0%) 8 (34.8) 7 (10.9%)
- 1 do not know 3 (3.4%) 0 3 (4.7%)
Recurrent Infections, N(%)
- Yes 66 (84.6%) 10 (52.6%) 55 (94.8%) <0.01
-No 5 (6.4%) 4 (21.1%) 1 (1.7%)
- I don’t know 7 (9.0%) 5(26.3%) 2 (3.4%)
Self-reported types of infections or complications, N(%)
- Lower RTI 62 (70.5%) 11 (47.8%) 50 (78.1%) <0.01
- Bronchiectasis 31 (35.2%) 7 (30.4%) 23 (35.9%) NS
- Upper RTI/ENT infections 26 (29.5%) 4(17.3) 23 (35.9%) 0.05
- Gastro-intestinal infection 6 (6.8%) 1 (4.3%) 5(7.8%) NS
- Eye infection 6 (6.8%) 1(4.3%) 5(7.8%) NS
- Skin/hair/nail infection 5 (5.6%) 2 (8.6%) 3 (4.7%) NS
- Unspecified infection 4 (4.6%) 0 4(6.3%) NS
- Oral infection 2 (2.3%) 0 2 (3.1%) NS
- Sepsis 2 (2.3%) 1 (4.3%) 1 (1.6%) NS
Hospital Admission, N(%)
- Yes 32 (66.7%) 4 (33.3%) 28 (77.8%) 0.01
-No 14 (29.2%) 7 (58.3%) 7 (19.4%)
- I don’t know 2 (4.2%) 1(8.3%) 1 (2.8%)
Hospitalization indication, N(%)
- Lower RTI/Pneumonia 15 (46.9%) 1 (25%) 14 (50%) NS
- Other respiratory tract infection/ENT 5(5.7) 1 (25%) 4 (14.2%) NS
infections
- Gastro-intestinal infection 2 (6.3%) 0 2(7.1) NS
- Skin/nail infection 2 (6.3%) 1(25%) 1 (3.6%) NS
- Osteomyelitis 1(3.1%) 0 1 (3.6%) NS
- Not mentioned 10 (31.3%) 1 (25%) 9 (32.1%) NS
Prophylactic Antibiotic, N(%)
- Yes 27 (30.7%) 5(21.7%) 21 (32.8%) NS
- No 43 (48.9%) 13 (56.5%) 30 (46.9%)
- I don’t know 18 (20.5%) 5 (21.7%) 13 (20.3%)

*One patient had missing data on age at diagnosis. A p-value<0.05 is considered statistically significant. NS=not significant
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of all patients. Other frequently reported types of infections
included gastro-intestinal tract infections (6.8%) and eye infec-
tions (6.8%). Patients with an early diagnosis reported signifi-
cantly less infections and less recurrent infections compared to
patients with a late diagnosis (p<0.05). Patients with an early
diagnosis additionally reported significantly fewer hospital
admissions, a known factor associated with QoL, compared
to patients with a late diagnosis (p=0.01). Hospitalization was
predominantly caused by respiratory tract infections. In total,
30.7% of patients received prophylactic antibiotics; there were
no statistical differences in the use of prophylactic antibiotics
between patients with an early or late diagnosis.

Self-Reported QoL by Patients with an Early and
Late Diagnosis

Group comparison for QoL outcomes was made between
XLA patients with an early diagnosis group defined as ‘diag-
nosed before the age of 12 months’ and a patients with a late
diagnosis diagnosed after 12 months”. Both groups were
compared to the normative population cohorts to investigate
differences in self-reported QoL. High internal consistency
was found for all questionnaires (Cronbach alpha>0.70; for
more details see Supplemental data).

Self-Reported QoL in Adult XLA Patients

In total, 88 adult XLA patients completed the SF-36 on their
overall health-related QoL. Adult XLLA patients reported
significantly lower QoL in almost all health domains (with
the exception of physical functioning and pain) compared
to normative data of a general male population. Patients

reported particularly lower general health scores (40.8 ver-
sus 73.5, p<0.01) (see Table SI in the Supplemental data).
While patients with an early diagnosis showed similar
QoL outcomes when compared to the general population,
patients with a late diagnosis reported lower QoL in social
functioning and emotional wellbeing (p<0.05; Table 3).
A late diagnosis resulted in more psychical and emotional
limitations compared to the general population (»p=0.01 and
p=0.05 respectively). Both patients with an early and late
diagnosis expressed lower general health status and vital-
ity or energy. Psychical and mental summary component
scores were significantly lower in adult XL A patients with a
late diagnosis compared to the general population (p<0.01),
whereas for patients with an early diagnosis no differences
were observed (Table 3).

Of all participants, 48 adult XLA patients completed
the CVID_Qol questionnaire, which included more IEI
specific questions compared to the more generic SF-36.
Higher values in the CVID QoL indicated increased dis-
ability in the particular health domains. Adult XL A patients
reported significantly more problems with relational func-
tioning compared to a cohort of adult male CVID patients
(»=0.05; Table 4) [31]. The health domain relational func-
tioning included topics such as the inability to provide care
to loved ones, being afraid to infect others, a tendency to
self-isolate, difficulties in sexual relations and difficulty to
relate to others. There was a clear trend that adult patients
with an early diagnosis scored lower in all health domains
of the CVID QoL indicating less disability, but differ-
ences were not statistically significant.

Forty-five adult XLA patients completed the
PADQOL-16 questionnaire (Table 5). In total, 59% of the

Table 3 QoL in health domains of the SF-36 reported by adult XL A patients with an early versus late diagnosis. Adult patients are distributed into two
groups: patients with an early diagnosis (NV=23) and late diagnosis (N=64). Males from the general normative population (N=1055) are included for refer-
ence. For each health domain, the SF-36 scores are provided (range 0-100) with standard deviation (SD)

SF-36 health domains Early Diagnosis Late Diagnosis ~ Normative male P-value P-value P-value
(<12 months) (> 12 months) population Early diagnosis ~ Early diagnosis vs. Late diagnosis vs.
N=23 patients* N=64 patients* (N=1055 males) [34] vs. late diagnosis general population general population

Physical functioning, mean (SD)  89.7 (14.6) 86.7 (19.8) 87.2(21.3) NS NS NS

Physical limitations, mean (SD)  81.9 (21.9) 76.7 (27.4) 86.6 (30.9) NS NS 0.01

Pain, mean (SD) 82.1(16.6) 75.4 (22.9) 76.9 (23.0) NS NS NS

General Health, mean (SD) 43.0 (18.5) 39.9 (25.8) 73.5(20.0) NS <0.01 <0.01

Energy Fatigue, mean (SD) 58.3 (22.0) 52.2(22.9) 63.6 (20.0) NS 0.04 <0.01

Social functioning, mean (SD) 81.0 (26.5) 76.1 (23.7) 85.2 (21.3) NS NS <0.01

Emotional limitations, mean (SD) 77.6 (22.8) 75.5(27.0) 83.3(31.3) NS NS 0.05

Emotional wellbeing, mean (SD)  69.8 (20.5) 63.7 (21.1) 76.4 (17.2) NS NS <0.01

Psychical component summary, 48.8 (8.75) 46.4 (11.2) 50.0 (10.0) NS NS <0.01

mean (SD)

Mental component summary, 46.8 (10.9) 44.6 (10.5) 50.0 (10.0) NS NS <0.01

mean (SD)

A p-value<0.05 is considered statistically significant. SD, standard deviation; NS, not significant

*Age at diagnosis was missing for one patient
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Table4 QoL in health domains of the CVID_QoL reported by adult XILA patients. The number of adult XL A patients (N=48) and number of adult
male patients with CVID (N=46)are indicated. For each health domain, the CVID_ QoL scores are provided with standard deviation (SD)

CVID_QoL health domains Adult XLA patients Adult male P-value Early Diagnosis Late Diagnosis P-value
N=48* CVID patients (<12 months) (>12 months)
N=46 [31] N=12 XLA patients N=36 XLA patients
Global score, mean (SD) 28.3 (18.0) 25.7(14.2) 0.446 25.3 (11.6) 29.4(19.9) 0.396
Emotional functioning, mean (SD) ~ 30.7 (20.5) 28.5(15.9) 0.568 26.3 (11.9) 32.3(22.8) 0.264
Relational functioning, mean (SD)  26.6 (17.3) 20.4 (13.1) 0.05 24.5(14.2) 27.3 (18.4) 0.633
GI and skin system, mean (SD) 20.9 (17.1) 24.2 (19.5) 0.388 17.7 (16.2) 21.9(17.4) 0.408

*Data was incomplete for 3 patients. A p-value<0.05 is considered statistically significant

Table5 QoL in health domains of the PADQOL-16 reported by adult XL A patients. The total number of adult XL A patients (N=45) are distributed
into two groups: patients with an early diagnosis (N=12) and late diagnosis (N=33). For each health domain, the PADQOL-16 scores (range 0-100)

are provided with standard deviation (SD)

PADQOI-16 health domains Adult XLA patients Early Diagnosis Late Diagnosis P-value
N=45 (<12 months) N=12 (>12 months) N=33
General Health, mean (SD) 70.83 (29.00) 74.24 (23.99) 69.70 (30.75) 0.658
Mental Health, mean (SD) 77.27 (31.35) 86.36 (23.36) 74.24 (33.36) 0.196
Physical Functioning, mean (SD) 70.93 (25.55) 70.45 (28.10) 71.09 (25.10) 0.944
Role of emotional functioning, mean (SD) 76.70 (27.17) 75.00 (31.62) 77.27 (26.04) 0.813
Role of physical functioning, mean (SD) 86.36 (20.50) 95.45 (10.11) 83.33 (22.24) 0.019
Social Functioning, mean (SD) 78.98 (24.67) 79.55 (21.85) 79.55 (21.84) 0.758
Vitality, mean (SD) 73.30 (27.17) 68.18 (27.59) 75.00 (27.24) 0.478
Total score, mean (SD). 75.29 (19.45) 76.70 (16.68) 74.80 (20.55) 0.392

A p-value<0.05 is considered statistically significant

patients experienced more fatigue than normal in the past
4 weeks, while 55% expressed having trouble with infec-
tions. In contrast, 70% of the patients reported no struggles
with keeping up with others and 78% reported not requir-
ing help from others on a frequent basis. Patients had the
highest scores in the domain of physical functioning and
emotional functioning in agreement with the SF-36 results.
The mean total score was 7.95 (SD 6.16) with a range of
0-20 (maximum total score of 32). There are no published
data of the PADQOL-16 to compare our cohort to the gen-
eral population or to other cohorts of PAD patients. Patients
with an early diagnosis before the age of 12 months reported
significantly fewer problems in the health domain role of
physical functioning (p=0.019), which included the item ‘I
have missed school or work due to my PID’.

Self-Reported and Rarent-Proxy QoL in Pediatric
XLA Patients

Sixty-five pediatric patients aged 2—18 years old completed
the PedsQL Generic Core Scales Module. For patients aged
2-4 years (N=14), parents completed the parent-proxy
report, while in other age categories patients completed the
questionnaire themselves. Additional parent-proxy reports
were available for 65% of the patients in other age catego-
ries (N=33/51). Both self-reported and parent-proxy QoL
of XL A patients were lower in several domains compared to
normative data of a general pediatric population [30] (Table

@ Springer

S2 in the Supplemental data). Patients with a late diagno-
sis reported significant lower QoL in all health domains
with the exception of social functioning compared to the
general pediatric population, while patients with an early
diagnosis only reported lower QoL in emotional functioning
and school functioning (Table 6). Parents of patients with
an early diagnosis reported even higher social functioning
compared to the general population (p<0.01). Intraclass
correlation coefficients were above 0.70 for all domains
with the exception of physical functioning (ICC 0.636),
indicating suboptimal agreement on this domain between
parents and patients.

Parental Perspectives on an Early Diagnose of XLA

Parents were asked to indicate their level of agreement for
eighteen statements about the advantages and disadvantages
of early detection of XL A and severe B-lymphocyte defi-
ciencies on a 5-point rating scale (Table 7). The statements
with the highest level of support indicated that parents would
have preferred a diagnosis of their child as soon as possible,
even though their child was asymptomatic at that time (rat-
ing mean 4.67 and 4.52 respectively). Parents believed that
an early diagnosis would have prevented health damage for
their child by early access to medical care and the preven-
tion of unnecessary diagnostic tests (rating mean 4.28, 4.54
and 4.29 respectively). Personal quotes from parents stated
in Table S3 (Quote 1-4) confirmed these rating means.
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Table 6 Pediatric self-report and parent-proxy QoL of XLA patients based on PedsQL Generic Core Scales. The total number of pediatric patients XLA patients
are distributed into two groups: patients with an early diagnosis (N=24) and late diagnosis (N=36). For each health domain, the PedsQIl scores (range 0-100) are

provided with standard deviation (SD)

PedsQL domains Early Diagnosis
(<12 months)*,

N=24 patients

Late Diagnosis

N=36 patients

General pediatric
(>12 months)*, population
N=958 children [30]

P-value P-value
Earlydiagnosis vs.

general population

P-value
Early diagnosis vs.
late diagnosis

Late diagnosis vs.
general population

Self-total score, mean (SD) 78.9 (11.6) 76.4 (20.5) 82.9(13.2) NS NS <0.01
Self-total physical health, mean (SD) 85.8 (12.5) 80.4 (20.9) 86.9 (13.9) NS NS <0.01
Self-psychosocial health, mean (SD) 75.2 (12.3) 74.2 (21.7) 80.7 (14.7) NS NS 0.01
Self-emotional functioning, mean (SD)  70.8 (11.1) 71.6 (23.7) 78.2(17.4) NS 0.04 0.03
Self-social functioning, mean (SD) 89.7 (17.0) 83.0 (23.8) 84.0 (18.6) NS NS NS
Self school functioning, mean (SD) 64.3 (15.7) 68.9 (24.7) 79.9 (16.9) NS <0.01 <0.01
Parent total score, mean (SD) 79.5(9.7) 75.6 (17.3) 81.3 (15.9) NS NS 0.04
Parent physical health, mean (SD) 84.7 (13.0) 78.0 (21.6) 83.3 (20.0) NS NS NS
Parent psychosocial health, mean (SD) 76.6 (9.5) 74.2 (19.3) 80.2 (15.8) NS NS 0.03
Parent emotional functioning, mean(SD)  68.4 (11.9) 72.4 (22.2) 80.3 (17.0) NS <0.01 <0.01
Parent social functioning, mean (SD) 92.0 (13.7) 82.3(9.7) 82.2(20.1) 0.03 0.01 NS
Parent school functioning, mean (SD) 68.1 (14.7) 67.7 (23.7) 76.9 (20.2) NS 0.03 <0.01

A p-value<0.05 is considered statistically significant. NS, not significant, SD, standard deviation

* Age at diagnosis was missing for five patients

The majority of parents indicated that the period up to
diagnosis was very insecure and that an early diagnosis
could have prevented this emotional and stressful period
(rating mean 4.43 and 4.33 respectively in Table 7; Quotes
4 and 5 in Table S3). The statement indicating that an early
diagnosis would deprive parents of the opportunity to enjoy
a seemingly health baby in the first months of life (‘golden
years’) was met with neutrality (rating mean 3.32). In total,
70% of parents believed that an early diagnosis could pro-
vide aid in family planning (Quote 7 and 8 in Table S3).

Parents did not agree that an early diagnosis would have
added little to their child’s QoL (rating mean 2.32) stating
that an early diagnosis would limit health damage, mental
burden and improve QoL (Quote 9 and 10 in Table S3). Par-
ents did not agree that an early diagnosis would result in
unnecessary concerns before manifestation of the disease
(rating mean 2.30) or that an early diagnosis would be a
burden in the maternity period (rating mean 2.29; Quote 11,
Table S3). The vast majority of parents expressed high sup-
port for the inclusion of XLA and other B-lymphocyte defi-
ciencies in the NBS program (rating mean 4.76; Quote 12).

In free text boxes, parents mentioned other impor-
tant arguments for an early diagnosis of XLA that were
not included in the statements such as raising awareness
amongst clinicians (Table S3, Quote 13 and 14) and pre-
venting potential morbidity of undiagnosed XLA patients
(Table S3, Quote 15).

Discussion

XLA and other severe B-lymphocyte deficiencies are chronic
disorders with severe impact on the life’s of patients and
parents. Earlier diagnosis and timely initiation of therapy

could potentially reduce morbidity and mortality in these
patients. The purpose of this study was to gain insight into
the QoL of pediatric and adult XL A patients and to see if an
earlier diagnosis would result in improved self-reported out-
comes. Our international survey study is the largest study to
date on QoL in XLA patients, taking both the patient and
parental perspectives into account.

Patients with an early diagnosis (<12 months of age)
reported significantly fewer severe infections and recurrent
infections in their lifetime compared to patients with a late
diagnosis (p<0.05). Recurrent LRTIs are highly associated
with the development of CLD, the leading cause of morbid-
ity and mortality in XLA patients [11, 15, 16]. Early diag-
nosis could therefore lead to significant health benefits in
these patients. In addition, patients with an early diagnosis
reported less hospital admissions, a known factor associated
with lower QoL [24, 35]. As these data were self-reported
and therefore subjective measurements, there is need for
a confirmatory study that includes more detailed clinical
parameters collected by health care professionals. These
study results will be able to objectively determine the exact
health gain of patients with an early diagnosis compared to
a late diagnosis in terms of morbidity and mortality.

Physicians face several challenges when diagnosing
XLA patients, potentially in resulting in a diagnostic delay
[12, 36]. The mean diagnostic delay in our study population
was 1.0 year in pediatric patients (reported by parents) and
2.5 years the adult patient population (self-reported). Other
studies have reported diagnostic delays ranging from less
than 12 months to over 3 years [10, 12, 37]. While the age
at diagnosis has reduced dramatically over the last 20 years,
this improvement is now reaching a plateau at 2 to 3.5 years
[16]. A reduction in diagnostic delay was observed after the
introduction of a nationwide registry potentially by creating
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Table 7 Level of agreement of parents with regard to advantages and disadvantages of early diagnosis of XLA. For each statement, parents indi-
cated their level of agreement on 5-point rating scale (fully disagree to fully agree). The number of parents (N) and percentage of the total number
of parents are included as well as the rating mean including the standard deviation (SD)

Statement Level of agreement N=parents (%) Rating

mean (SD)
Fully disagree Disagree Neutral Agree Fully agree

B1. My child had a long diagnostic process. 7 (12.5) 8(14.3) 10(17.9) 14(25.0) 17(30.4) 3.46(1.38)

B2. An early diagnosis could prevent a long period between 2(2.9) 1(1.5) 8(11.8) 12(17.6) 45(66.2) 4.43(0.96)

the first symptoms and the final diagnosis.

B3. An early diagnosis could have prevented unnecessary 3(4.5) 2(3.0) 8(11.9) 13(19.4) 41(61.2) 4.29(1.08)

diagnostic tests.

B4. In retrospect, I would have preferred to have known the 1(1.5) 3(4.5) 2 (3.0) 15(22.4) 46 (68.7) 4.52(0.87)

diagnosis shortly after birth, even though my child had no

symptoms at that time.

BS5. The period in which my child had symptoms of XLA/a 0(0) 4 (6.0) 5(7.5) 16 (23.9) 42(62.7) 4.43(0.87)
B-cell deficiency, but had not yet been diagnosed, was a very

insecure and (emotionally) stressful period for me.

B6. An early diagnosis would have prevented this uncertain 1(1.5) 4(6.2) 6(9.2) 15(23.1) 39(60.0) 4.33(0.98)
and (emotionally) stressful period.

B7. Early medical guidance for me/us as parent(s) would have 1(1.5) 3 (4.6) 5(7.7) 16 (24.6) 40(61.5) 4.40(0.93)
helped me in this uncertain and (emotionally) stressful period.

BS. An early diagnosis would have provided our child with 1(1.5) 229 5(7.4) 11(16.2) 49(72.1) 4.54(0.87)
early access to medical counseling and care.

B9. An early diagnosis deprives parents of the opportunity 17 (25.0) 5(7.4) 10 (14.7) 11(16.2) 25(36.8) 3.32(1.62)
to enjoy a seemingly healthy baby in the first months of life.

B10. My child would have benefited from early access to 1(1.5) 0(0) 9(13.2) 14(20.6) 44 (64.7) 4.47(0.83)
medical care and support.

B11. An early diagnosis would have provided me with the 2(3.0) 3(4.5) 15(22.4) 15(22.4) 32(47.8) 4.07(1.07)
opportunity to make informed choices about family planning.

B12. If I had known the diagnosis shortly after birth, I would 27 (39.7) 14 (20.6) 16(23.5) 8(11.8) 3(4.4) 2.20 (1.21)
not have been able to enjoy the symptom-free period in my

child’s life.

B13. An early diagnosis could have prevented serious damage 1(L.5) 1(1.5) 13(19.4) 15(224) 37(55.2) 4.28(0.93)
to my child’s health.

B14. An early diagnosis would have added little to my child’s 23 (34.3) 18 (26.9) 14(20.9) 5(7.5) 7(10.4) 2.32(1.30)
quality of life.

B15. An early diagnosis would have been a burden in the 23 (33.8) 21(30.9) 10(14.7) 9(13.2) 5(74) 2.29 (1.27)

maternity period with all the information I would receive

about my child’s illness.

B16. Early detection of B-cell deficiencies makes parents 21 (30.9) 22(32.4) 13(19.1) 7(10.3) 5(7.4) 2.30(1.22)
unnecessarily concerned, even before the disease has even

manifested itself.

B17. XLA and B-cell deficiencies are serious disorders and | 0(0) 0(0) 4(5.9) 14 (20.6) 50(73.5) 4.67(0.58)
wish this disorder could have been detected in my child as soon

as possible.

B18. I think it is important that XLA and other B-cell deficiencies 0(0) 0(0) 3 (4.5) 10 (14.9) 54 (80.6) 4.76(0.52)

are added to the NBS program.

*5-point rating scale: 1 fully disagree, 5 fully agree; Missing values are excluded from the percentages

more awareness among physicians [11]. Raising awareness  age of 12 months on clinical grounds is extremely challeng-
and improving knowledge about clinical manifestations of  ing. NBS might be the only feasible option to bring the age
XLA was a topic frequently mentioned by the adult patients ~ at diagnosis further down. However, educational programs
and parents in our study. Securing a diagnosis before the  and public awareness campaigns might be a more feasible
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option for some countries in the direct future to enable an
early diagnosis and timely initiation of IGRT [38]. Close
partnerships of health professionals and sharing experiences
internationally could help to improve outcomes for XLA
patients on a global level.

Our study showed that pediatric XLA patients have sig-
nificantly lower QoL scores compared to the general pop-
ulation, especially patients with a late diagnosis. Previous
cohorts with pediatric patients have confirmed similar
results in PAD patients [39—41]. Both children and parents
in our study reported more problems in the health domains
of school functioning, emotional functioning and psycho-
social health. In the study of Klungland-Berg et al.., 40%
of children with antibody deficiency lost more than 10
days a year of school, while 20% lost over 25 days due to
IGRT [41]. Soresine et al.. suggested that parents might
consider their child with XLA as more fragile, needing
more protection and thereby influencing autonomy, result-
ing in more problems with emotional and school function-
ing [40]. In the recent study by Hernandez-Truijllo et al.,
neurological complications such as cognitive disabilities,
speech delay and difficulties with educational academic
activities were reported in more than 35% of their cohort
of XLA patients [18]. Neurologic manifestations of XLA
are an important co-morbidity and, although not yet fully
understood, could be linked to the reduced QoL outcomes
in psychosocial health domains.

Although some studies showed no differences in QoL
between adult XLA patients and the general population
[25, 26], our study showed significantly lower QoL in adult
XLA patients in almost all health domains with the excep-
tion of pain and physical functioning. It should be noted
that the SF-36 is a more generic QoL instrument, which
might over- or underestimate the true impact of a chronic
disease. The results of the PADQOI-16 showed lower QoL
scores in the health domain ‘role of physical functioning’
in patients with a late diagnosis. The role of psychical
functioning included missing school or work due to their
disease, which was also mentioned by the study of Winkel-
stein et al.. where 65% of the XLLA patients missed work or
school due to illness during the past year, compared to 46%
of the general population of adults [25].

Although the number of included patients was relatively
high for a study concerning a rare disease, the smaller
groups per age category and early versus late diagnosis
have potentially limited the power for comparisons between
groups. By reaching out to multiple clinical centers across
the world, optimization of sample size was pursued and the
study population was more representative for XL A patients
around the globe. Potential bias was however introduced,

as surveys are usually skewed towards healthy participants
potentially resulting in higher QoL scores. In addition,
as diagnostic strategies and treatment option might vary
between countries, for future studies, it would be advised
to compare the results from the XLA group to matched con-
trol groups instead of normative values for the standardized
measures.

Patients and parents favored an earlier diagnosis to facili-
tate earlier initiation of treatment. However, as patients with
an early diagnosis did not show better QoL in all health
domains compared to patients with a late diagnosis, clini-
cal management might not be satisfactory in XLA patients.
Lifelong IGRT is not sufficient to control morbidity and
mortality in XLA patients and IGRT itself might be associ-
ated with lower QoL [11, 42, 43]. Other treatment modalities
such as HSCT or gene therapy should be considered as alter-
native treatment options for selected XLA patients. HSCT is
not routinely used in XLA patients as it is unclear whether
benefits outweigh the risks of this invasive treatment in
XLA patients. A recent study showed that HSCT might be a
salvage treatment in XL A patients with complications such
as refractory infections or hematological malignancies,
although HSCT before to irreversible organ damage would
be the preferred option [9, 19]. This might be supported by
the fact that T-cell abnormalities and abnormal cell-medi-
ated immune responses have also been described in XLA
patients [44]. Whether HSCT should be routinely offered
to XLA patients remains a topic of debate. For many IEIs,
gene therapy seems to be a promising curative treatment
modality in the near future [45, 46]. With reduced-intensity/
toxicity conditioning regimes and no risk of graft-versus-
host-disease (GVHD), gene therapy might be an eloquent
treatment option for XL A patients. Proof of concept studies
in murine models of XLA have been proven to be effective
and research groups are now working toward clinical trials
in human patients [47—49].The personal stories of parents
of XLA patients have emphasized the support for an early
diagnosis of XLLA and severe B-lymphocyte deficiencies via
NBS. Our findings go hand in hand with previous studies
that have shown a positive attitude of parents towards the
expansion of NBS programs with new disorders [50-52].
The perspective of parents as key stakeholders in NBS is of
great value for policymakers who aim to balance the advan-
tages and disadvantages of early detection of rare hereditary
disorders.

In conclusion, our study has shown supportive evidence to
pursue an early diagnosis of XLA from both a self-reported
clinical, health-related QoL and parental perspective. Adult
XLA patients with an early diagnosis reported less severe
and/or recurrent infections and less hospitalization. Both
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pediatric and adult patients have significantly lower QoL as
compared to the general population, with lower QoL scores
in some health domains for patients with a late diagnosis
versus early diagnosis. A next study should confirm these
self-reported data with more detailed clinical data collected
from patients records. More awareness amongst physicians
in recognizing early manifestations of XLA remains of
utmost importance, but the main plea from patients and par-
ents is to achieve an early diagnosis via NBS for XLA and
severe B-lymphocyte deficiencies.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10875-025-01904-z.
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