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Abstract
X-linked agammaglobulinemia (XLA) is a primary immunodeficiency disorder caused by mutations in the Bruton tyrosine 
kinase (BTK) gene leading to B lymphocyte deficiency and susceptibility to infection. A potential benefit of earlier diagno-
sis and treatment initiation on morbidity and mortality in XLA is incompletely understood. In the USIDNET Registry, we 
describe infection frequency and infection-related mortality in patients with XLA and their relationship to age of diagnosis 
and treatment initiation. Among the 231 XLA patients enrolled in the Registry, respiratory infections (N = 203, 88%) were 
the most commonly reported. Among those deceased (N = 20) where cause of death was known (N = 17), mortality was 
attributed to infection in most (N = 12, 71%). Chronic lung disease, often a consequence of repeated lower respiratory tract 
infection (LRTI), was also a frequent complication associated with mortality (N = 9, 53%). Age of diagnosis in years was 
lower for those without LRTI compared to those with (median 1.5 [IQR 0.5–3.3] vs. median 3.0 [IQR 1.0–5.0], p = 0.0026) 
and among living patients compared to deceased (median 1.8 [IQR 0.5–5.0] vs. median 2.7 [IQR 1.6–6.0], p = 0.04). Age at 
treatment initiation in years was lower among those without LRTIs compared to those with (median 1.0 [IQR 0.4–2.4] vs. 
median 2.8 [IQR 1.0–5.4], p = 0.0006). For every year increase in age at start of therapy, the odds of experiencing a LRTI 
was 1.216 (OR 1.216, 95% CI 1.048–1.411, p = 0.01). Given the expected finding of reduced LRTIs and mortality among 
those with earlier age at diagnosis, our study findings support inclusion of XLA in newborn screening programs.
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USIDNET	� United States Immunodeficiency Network
URI	� Upper respiratory infection
URTI	� Upper respiratory tract infection
VAP	� Ventilator-associated pneumonia
XLA	� X-linked agammaglobulinemia

Introduction

X-linked agammaglobulinemia (XLA) is a primary immuno-
deficiency disorder arising from a genetic defect in Bruton 
tyrosine kinase (BTK) and manifesting with B lymphocyte 
deficiency, agammaglobulinemia, and recurrent infection 
[1–4]. Infection and chronic lung disease, a consequence 
of repeated pulmonary infection, are the most frequently 
reported causes of death in XLA [5, 6]. Early initiation of 
immunoglobulin (Ig) replacement therapy and maintaining 
therapeutic IgG levels has been shown to effectively reduce 
infections [7, 8].

Despite advancements in diagnosis, XLA patients con-
tinue to experience infection-related morbidity and mortality 
as well as decreased quality of life [5, 9, 10]. Recent initia-
tives to add screening for B cell defects to standard newborn 
screening in the USA have made understanding the potential 
impact of earlier diagnosis on infection-related morbidity 
and mortality in XLA particularly relevant [11, 12]. Using 
the United States Immunodeficiency Network (USIDNET) 
Registry, we describe infections and infection-related mor-
tality in XLA, and address how these may be modified by 
early diagnosis and treatment initiation.

Methods

The U.S. Immunodeficiency Network (USIDNET), a pro-
gram of the Immune Deficiency Foundation (IDF), has been 
supported by a cooperative agreement, U24AI86837, from 
the National Institute of Allergy and Infectious Diseases 
(NIAID). The USIDNET Registry was established in 2003 
and is a national patient-consented data base with clinical 
data from patients with primary immunodeficiency dis-
eases. For this study, the USIDNET Registry was queried 
for infections reported in patients with XLA form of agam-
maglobulinemia through July 1, 2020. The data analyzed 
here includes all the information compiled in the USIDNET 
Registry at the time of our query. Patients were excluded 
if they did not have a known investigator designated BTK 
defect. Demographic, clinical, immune globulin treatment, 
and laboratory information was obtained. Infection and 
organism types and frequencies were recorded.

Infection types were defined by the following terms, which 
were selected and entered into the database by clinicians: 
respiratory infections which included lower respiratory tract 

infections (abbreviated LRTIs, including entry terms “pneu-
monia,” “empyema,” “lung abscess”); sinusitis, ear infections, 
and complications (including entry terms “otitis media,” 
“mastoiditis”); upper respiratory tract infections (abbreviated 
URTIs, including entry terms “URI,” “cough/rhinitis,” “phar-
yngitis,” “strep throat,” “croup,” “bronchitis”); gastrointesti-
nal infections (including entry terms “acute gastroenteritis,” 
“infectious diarrhea disease,” “infectious colitis,” “peritonitis,” 
“hepatitis”); skin infections (including entry terms “abscess,” 
“cellulitis,” “impetigo,” “varicella,” “dermal mycosis,” “pyo-
derma gangrenosum”); eye infections (including entry terms 
“conjunctivitis,” “keratoconjunctivitis”); central nervous sys-
tem infections (including entry terms “meningitis,” “encepha-
litis,” “meningoencephalitis,” “brain abscess,” “acute polio-
myelitis”); blood infections (including entry terms “sepsis,” 
“bacteremia,” “viremia”); musculoskeletal infections (includ-
ing entry terms “septic arthritis,” “osteomyelitis”); genitouri-
nary infections (including entry terms “urinary tract infection,” 
“pyelonephritis,” “urethritis”); oral infections (including entry 
terms “candidiasis”); and lymph node infections (including 
entry terms “lymphadenitis,” “lymphangitis”).

Statistical Analysis

Associations between Ig replacement therapy and the most 
frequently reported infection types were analyzed using a chi-
squared test; if indicative of statistical significance, a simple 
logistic regression was performed. Age was compared between 
patients receiving intravenous Ig (IVIg) and patients receiv-
ing subcutaneous (SQIg) using Wilcoxon rank-sum scores. 
Age at diagnosis and age at treatment initiation were com-
pared between living and deceased patients, patients with and 
without pulmonary infections, and patients with and without 
a family history of agammaglobulinemia using Wilcoxon rank-
sum scores. Where applicable, age was compared utilizing 
odds ratios. Age for each patient in the cohort was calculated 
using year of birth and most recent visit date. Birth year was 
compared among living and deceased patients and patients 
with and without LRTIs and URTIs using Wilcoxon rank-sum 
scores. The data analysis for this paper was generated using 
SAS software, version 9.4 of the SAS System for Windows. 
Copyright © 2016 SAS Institute Inc. SAS and all other SAS 
Institute Inc. product or service names are registered trade-
marks or trademarks of SAS Institute Inc., Cary, NC, USA.

Results

Demographic Data and Infection and Organism 
Types and Frequencies

An investigator identified BTK alteration was noted in 231 
patients with a diagnosis of X-linked agammaglobulinemia. 
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Fifty-one physicians contributed to patient data. Demo-
graphic information is presented in Table 1. All 231 patients 
in the cohort were male. The most commonly identified 
race/ethnicity was White/Caucasian (N = 143, 61.9%). The 
median age in years at time of last entry into the Regis-
try, calculated based on year of birth and most recent visit 
date, was 11.7 (IQR 4.6–21.9). The median age in years 
at diagnosis was 2.0 (IQR 0.8–5.0) and at symptom onset 
was 0.8 (IQR 0.3–2.0). Of 170 patients where family history 
of primary immunodeficiency was reported, as positive or 
negative, 106 patients (62.4%) were identified as having a 
positive family history and 64 patients (37.6%) were identi-
fied as having a negative family history. In the 231-patient 
cohort, 61 patients (26.4%) had an unknown or not reported 
family history. Based on reported birth year, for the 231 
patients in the cohort, the number of patients born in each 
decade is shown in Fig. 1.

Table 2 summarizes infection types and frequency among 
the 231 XLA patients in the Registry. The most frequent 
infections were respiratory infections, identified in 203 
patients (87.9%) which included lower respiratory tract 
infections (N = 129, 55.8%), sinusitis (N = 128, 55.4%), ear 
infections and complications (N = 124, 53.7%), and upper 
respiratory tract infections (N = 96, 41.6%). Skin infections 
were identified in 83 patients (35.9%), gastrointestinal infec-
tions in 61 patients (26.4%), conjunctivitis in 59 patients 
(25.5%), and central nervous system infections in 34 patients 
(14.7%). Less frequent infections included sepsis (N = 16, 
6.9%), septic arthritis (N = 15, 6.5%), genitourinary tract 
infections (N = 12, 5.2%), osteomyelitis (N = 9, 3.9%), oral 

candidiasis (N = 9, 3.9%), and lymphadenitis/lymphangitis 
(N = 7, 3.0%).

In Table 3, we describe organism type and frequency 
among our cohort. Of 231 patients with XLA, 105 patients 
(45.5%) had an identified organism. Bacterial, viral, para-
sitic, and fungal organisms were identified in 85 (36.8%), 
26 (11.3%), 10 (4.3%), and 7 (3.0%) patients, respectively. 
The most frequently identified organisms were Haemophilus 
influenzae (N = 24, 10.4%), Staphylococcus aureus (N = 24, 
10.4%), Streptococcus pneumoniae (N = 18, 7.8%), Pseu-
domonas aeruginosa (N = 14, 6.1%), and Giardia (N = 10, 
4.3%). Less common organisms (< 2% of patients) included 
Clostridioides difficile, Pneumocystis jirovecii, Campylo-
bacter jejuni, Escherichia coli, Shigella, Salmonella, and 
Echovirus.

Ig Replacement Therapy, Stem Cell Transplant, 
and Comparison Among Infection Types

We describe Ig replacement therapy and allogeneic hemat-
opoietic stem cell transplant (HSCT) in our XLA cohort 
in Table 4. Four patients (1.7%) received a HSCT. While 
the reason for HSCT was not documented in our cohort, 
prior studies have indicated that patients with XLA undergo 
HCST to avoid significant infection, chronic lung disease, 
neurogenerative disease, or malignancy that develop despite 
appropriate therapy [13].

Of 231 included XLA patients, 187 (81.0%) were reported 
to be on Ig therapy and 43 patients (18.6%) had unknown 
or not reported Ig therapy. Of the 187 on Ig replacement 

Table 1   Demographics 
and family history among 
231 patients with X-linked 
agammaglobulinemia from the 
USIDNET Registry

IQR interquartile ratio, USIDNET United States Immunodeficiency Network

Patient characteristics N (%) or median (IQR)

Gender, N (%) Male 231 (100)
Female 0 (0)

Living (at time of last entry), N (%) Yes 148 (64.1)
No 20 (8.7)
Unspecified 63 (27.3)

Age, years
Median (IQR)

Onset 0.8 (0.3–2.0)
Diagnosis 2.0 (0.8–5.0)
Last entry 11.7 (4.6–21.9)

Race and ethnicity, N (%) White/Caucasian 143 (61.9)
Black/African American 20 (8.7)
Hispanic or Latino 20 (8.7)
Asian or Pacific Islander 6 (2.6)
American Indian/Alaska 0 (0.0)
Other or more than one race 6 (2.6)
Unknown or not reported 56 (24.2)

Family history of primary immunodefi-
ciency, N (%)

Positive 106 (45.9)
Negative 64 (27.7)
Unknown or not reported 61 (26.4)
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therapy, 83 patients (44.4%) received IVIg, 45 patients 
(24.1%) received SQIg, 56 patients (29.9%) had unknown 
or unreported administration routes, 1 patient (0.5%) 
received IM Ig, and 2 patients (1.1%) had an administra-
tion route reported as other. The frequency of IVIg therapy 
was a median interval of 28 days (IQR 21–30) and the fre-
quency of SQIg therapy was a median interval of 7 days 
(IQR 7–14). The median monthly IVIg dose was 490 mg/
kg (IQR 351–699) and the median weekly SQIg dose was 
157 mg/kg (IQR 121–192). Median age in years at time of 
most recent visit among patients receiving IVIg was 16.2 
(IQR 8.2–25.0) and among patients receiving SQIg was 15.6 
(IQR 9.2–25.0) (p = 0.97).

We analyzed our cohort to determine if there was an 
association between Ig replacement therapy type (defined 
as IVIg vs. SQIg) and the most frequently reported infection 
types (respiratory, gastrointestinal, and skin). There were no 
significant associations found between LRTIs (p = 0.40), ear 
infections (p = 0.39), sinus infections (p = 0.53), gastrointes-
tinal (p = 0.37), skin infections (p = 0.67), and Ig replace-
ment therapy type.

Associations Between Infection, Mortality, Family 
History, and Age at Diagnosis and Treatment 
Initiation

We analyzed our 231-patient cohort to understand the asso-
ciation between infection and mortality in the Registry. Of 
168 patients where living or deceased status was speci-
fied, 148 (88%) were reported as living and 20 (12%) were 
reported as deceased. The median age of death was 21 years 
(IQR 15–28 years). By comparison, the median age of those 
living was 16 years (IQR 9–25). Among the 17 for whom 

a cause of death was specified, 12 (71%) were attributed 
partially or fully to infection and 9 (53%) were partially or 
fully attributed to pulmonary conditions (Table 5); often, 
patients had multiple listed causes of death (N = 14, 82%). 
Of note, 63 patients in our 231-patient cohort (27%) were 
missing data on living or deceased status.

To understand whether later diagnosis and treatment initi-
ation was associated with increased mortality, we compared 
median age at diagnosis and treatment initiation among 
patient characteristics including living versus deceased 
status, those with and without LRTI, and those with and 
without family history of agammaglobulinemia (Table 6). 
We acknowledge that within the 231-patient cohort, 186 
patients (81%) had the age at diagnosis recorded and 113 
patients (49%) had age of treatment initiation data available 
for these analyses.

The median age at diagnosis was lower for patients 
reported as living (1.8 years, IQR 0.5–5.0) compared to 
patients reported as deceased (2.7  years, IQR 1.6–6.0) 
(p = 0.04). An odds ratio for age at diagnosis in these groups 
was calculated to be 1.038 (95% CI 0.929–1.160, p = 0.51). 
The median age at treatment initiation was somewhat 
lower for those reported as living (1.7 years, IQR 0.5–4.9) 
compared to those reported as deceased (3.4 years, IQR 
2.3–7.0) (p = 0.05). An odds ratio for age at treatment ini-
tiation in these groups was calculated to be 1.020 (95% CI 
0.933–1.115, p = 0.67).

Because LRTI was reported as a common infection and 
a common cause of mortality in our cohort, we compared 
age at diagnosis and treatment initiation among those with 
and without LRTI. The median age at diagnosis was lower 
in patients without LRTI (1.5 years, IQR 0.5–3.3) compared 
to those with LRTI (3.0 years, IQR 1.0–5.0) (p = 0.0026). An 

Fig. 1   Birth year among 231 
patients with X-linked agam-
maglobulinemia from the 
USIDNET Registry
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odds ratio for age at diagnosis in these groups was calculated 
to be 1.099 (95% CI 0.999–1.207, p = 0.05). Similarly, the 
median age at treatment initiation was found to be lower in 
patients without LRTI (1.0 years, IQR 0.4–2.4) compared 
to those with LRTI (2.8 years, IQR 1.0–5.4) (p = 0.0006). 
An odds ratio for age at treatment initiation in these groups 
was calculated to be 1.216 (95% CI 1.048–1.411, p = 0.01).

We hypothesized that family history of agammaglobu-
linemia could be associated with earlier age at diagnosis 

and treatment initiation due to heightened awareness in the 
patient, family, and provider. In our cohort of 231 patients, 
90 patients (39%) had a positive family history of agam-
maglobulinemia. Patients with a family history of agam-
maglobulinemia had a lower median age at diagnosis 
(1.0 years, IQR 0.2–4.0) compared to patients without a fam-
ily history of agammaglobulinemia (2.6 years, IQR 1.3–5.0) 
(p = 0.0002). An odds ratio for age at diagnosis in these 
groups was calculated to be 0.892 (95% CI 0.807–0.986, 

Table 2   Infection frequency and 
types among 231 patients with 
X-linked agammaglobulinemia 
in the USIDNET Registry

LRTI lower respiratory tract infection, URTI upper respiratory tract infection
* Frequency of infections as number and percentage of patients acquiring. The percentage adds up to more 
than 100 because some patients had multiple infections and organisms

Infection Number of 
patients (%)*

Infection cont Number 
of patients 
(%)*

Respiratory 203 (87.9) Eye 59 (25.5)
LRTI 129 (55.8)     Conjunctivitis 52 (22.5)

    Pneumonia 129 (55.8)     Keratoconjunctivitis 1 (0.4)
    Empyema 5 (2.2)     Other 8 (3.5)
    Lung abscess 1 (0.4) Central nervous system 34 (14.7)
    Recurrent pneumonias 1 (0.4)     Meningitis 17 (7.4)

Sinus infections 128 (55.4)     Encephalitis 10 (4.3)
    Sinusitis 128 (55.4)     Meningoencephalitis 4 (1.7)
    Recurrent/chronic sinusitis 5 (2.2)     Acute poliomyelitis 4 (1.7)

Ear infections and complications 124 (53.7)     Brain abscess 1 (0.4)
    Acute otitis media 124 (53.7) Blood 23 (10.0)
    Recurrent otitis media 5 (2.2)     Sepsis 16 (6.9)
    Mastoiditis 5 (2.2)     Bacteremia 5 (2.2)

URTI/pharyngitis 96 (41.6)     Viremia 3 (1.3)
    URI 73 (31.6) Musculoskeletal 20 (8.7)
    Bronchitis 29 (12.6)     Septic arthritis 15 (6.5)
    Croup 11 (4.8)     Osteomyelitis 9 (3.9)
    Pharyngitis 6 (2.6) Genitourinary 12 (5.2)
    Cough/rhinitis 4 (1.7)     Urinary tract infection 7 (3.0)
    Strep throat 2 (0.9)     Pyelonephritis 3 (1.3)
    Recurrent URI 2 (0.9)     Urethritis 2 (0.9)

Skin 83 (35.9)     Other 1 (0.4)
  Abscess 33 (14.3) Oral 10 (4.3)
  Cellulitis 18 (7.8)     Candidiasis 9 (3.9)
  Impetigo 14 (6.1)     Other 5 (2.2)
  Dermal mycosis 8 (3.5) Lymph node 7 (3.0)
  Pyoderma gangrenosum 7 (3.0)     Lymphadenitis 5 (2.2)
  Varicella 6 (2.6)     Lymphangitis 2 (0.9)
  Other 48 (20.8)

Gastrointestinal 61 (26.4)
  Acute gastroenteritis 54 (23.4)
  Infectious diarrheal illness 31 (13.4)
  Infectious colitis 8 (3.5)
  Hepatitis 8 (3.5)
  Peritonitis 2 (0.9)
  Other 2 (0.9)
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p = 0.03). Further, patients with a family history of agam-
maglobulinemia had a lower median age at treatment ini-
tiation (1.0 years, IQR 0.2–3.5) compared to those without 
a family history of agammaglobulinemia (2.5 years, IQR 
1.0–5.0) (p = 0.0025). An odds ratio for age at treatment ini-
tiation in these groups was calculated to be 0.969 (95% CI 
0.902–1.041, p = 0.39).

Comparison of Birth Year Among Infection Types 
and Mortality

Our 231-patient cohort was analyzed to better under-
stand if there was an association between birth year and 

infection type or birth year and mortality. All patients in 
our 231-patient cohort had a birth year reported.

We compared birth year among patients with a LRTI 
(N = 129, 56%) and among patients without a LRTI 
(N = 102, 44%). We found that patients with a LRTI had 
an earlier median birth year (1976, IQR 1964–1998) com-
pared to patients without a LRTI (1998, IQR 1979–2005) 
(p < 0.0001). We also compared birth year among patients 
with a URTI (N = 96, 42%) and without a URTI (N = 135, 
58%). We found that patients with a URTI had a more 
recent median birth year (1995, IQR 1975–2004) com-
pared to patients without a URTI (1976, IQR 1966–2000) 
(p = 0.0003).

We also compared birth year, among the 168 patients in 
our 231-patient cohort who had living and deceased status 
entered into the database, to better understand an associa-
tion between birth year and mortality. When comparing the 
patients identified as living (N = 148, 88%) or as deceased 
(N = 20, 12%), we found, not surprisingly, that the median 
birth year was more recent for patients identified as living 
(1993, IQR 1973–2002) compared to those identified as 
deceased (1958, IQR 1950–1980) (p < 0.0001).

Further, as demonstrated in Fig. 2, we found a moder-
ate negative correlation between birth year and age of diag-
nosis; as birth year increased, age of diagnosis decreased 
(p < 0.0001). Of note, our graph shows that patients with a 
more recent birth year contributed more data to the patient 
cohort, which could affect our correlative findings. However, 
as previously noted, the median age of death for patients 
identified as deceased was 21 years (IQR 15–28 years). By 
comparison, the median age of those identified as living was 
16 years (IQR 9–25).

Discussion

Our study is the largest to-date describing infection frequen-
cies and infection-related mortality in XLA from registry 
data. More recently, there have been other survey studies 
describing XLA, focused on morbidity and mortality as it 
relates to prompt diagnosis and treatment [5, 14–16]. As 
expected and similar to prior studies, respiratory infections, 
including pneumonia, sinusitis, and acute otitis media, were 
the most frequent types of infections [6]. XLA is most com-
monly associated with bacterial infections, a trend echoed in 
our study, where the most common organism identified was 
H. influenzae, followed by S. aureus and S. pneumoniae [6].

Based on data from the USIDNET Registry on 231 
patients with XLA, we evaluated the hypothesis that earlier 
diagnosis, potentially with newborn screening, might be 
expected to alter disease course in XLA. Patients identified 
as living had a significantly earlier age at diagnosis com-
pared to those identified as deceased. Further, we identified 

Table 3   Organism frequency and types among 231 patients with 
X-linked agammaglobulinemia in the USIDNET Registry

MRSA methicillin-resistant Staphylococcus aureus, MSSA methicil-
lin-susceptible Staphylococcus aureus
* Frequency of organisms as number and percentage of patients 
acquiring. The percentage adds up to more than 100 because some 
patients had multiple infections and organisms

Organism Number 
of patients 
(%)*

Any organism 105 (45.5)
Bacteria 85 (36.8)
   H. influenzae 24 (10.4)
   S. aureus (unspecified MSSA or MRSA) 24 (10.4)
   S. pneumoniae 18 (7.8)
   P. aeruginosa 14 (6.1)
   S. epidermidis 4 (1.7)
   C. difficile 3 (1.3)
   Shigella 3 (1.3)
   Salmonella 3 (1.3)
   Campylobacter 3 (1.3)
   E. coli 3 (1.3)
   S. aureus (methicillin-resistant) 2 (0.9)
   Other 13 (5.6)

Virus 26 (11.3)
   Echovirus 4 (1.7)
   Respiratory syncytial virus 2 (0.9)
   Cytomegalovirus 2 (0.9)
   Influenza A 2 (0.9)
   Influenza B 1 (0.4)
   Other 16 (6.9)

Parasite 10 (4.3)
   Giardia 10 (4.3)

Fungus/yeast 7 (3.0)
   Pneumocystis jirovecii 3 (1.3)
   Aspergillus 1 (0.4)
   Candida 1 (0.4)
   Other/unspecified 2 (0.9)
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Table 4   Immunoglobulin 
(Ig) replacement therapy 
and hematopoietic stem cell 
transplant history among 
231 patients with X-linked 
agammaglobulinemia from the 
USIDNET Registry

Ig immunoglobulin, IQR interquartile ratio, USIDNET United States Immunodeficiency Network

Feature of therapy N (%) or median (IQR)

Ig therapy Received 187 (81.0%)
Did not receive 1 (0.4%)
Unknown or not reported 43 (18.6%)

Ig route (specified in 187 of 225 patients) Intravenous 83 (44.4%)
Subcutaneous 45 (24.1%)
Intramuscular 1 (0.5%)
Other 2 (1.1%)
Unknown/not reported 56 (29.9%)

Median age, years Ig started 1.8 (0.7–4.0)
Median age, years Patients receiving intravenous Ig 16.2 (8.2–25.0)

Patients receiving subcutaneous Ig 15.6 (9.2–25.0)
Median frequency, days Intravenous Ig 28 (21–30)

Subcutaneous Ig 7 (7–14)
Median dose, mg/kg Intravenous Ig 490 (351–699)

Subcutaneous Ig 157 (121–192)
Hematopoietic stem cell transplant, N (%) Received 4 (1.7%)

Did not receive 121 (52.4%)
Unknown or not reported 106 (45.9%)

Table 5   Cause of death among 20 patients with X-linked agammaglobulinemia in the USIDNET Registry

In all patients with a specified cause of death (N = 17), death was attributed partially or fully to acute infection in 12. Nine patients (bolded) had 
either acute lower respiratory tract infection (LRTI) or chronic lower respiratory condition (a consequence of repeated LRTI infection) listed as a 
cause of death
ARDS acute respiratory distress syndrome, COPD chronic obstructive pulmonary disease, CNS central nervous system, NA not available, VAP 
ventilator-associated pneumonia

Year of birth Age of death (Years) Cause of death

1945 57 Cardiopulmonary arrest, pneumonia, COPD, cor pulmonale
1946 14 Encephalopathy, hepatitis, hepatic necrosis, adenovirus
1947 18 Chronic pulmonary infection
1949 21 Staphylococcus pericarditis, drug abuse
1950 50 NA
1951 29 Listeria meningitis, adenovirus encephalitis, bronchopneumonia, cirrhosis
1953 10 Gastrointestinal bleeding, acute liver disease, hepatitis
1954 27 Cardiorespiratory arrest, chronic lung disease
1955 26 Staphylococcus septicemia, chronic infection of prosthetic hip
1957 23 Cardiopulmonary arrest, COPD-hypoxemia, cor pulmonale, pneumonitis
1959 19 Cor pulmonale, COPD
1962 NA NA
1963 21 Lung disease
1964 16 Viral encephalitis, seizures
1976 4 Aspiration, chronic CNS impairment
1985 29 Sepsis, hemorrhage, liver impairment, bronchiectasis, brain abscess, organ failure
1988 30 Malignancy, infection
1991 16 NA
1997 3 Cardiac arrhythmia related to acute viral myocarditis
2004 6 Renal failure, necrotizing VAP, ARDS, bacteremia, candidemia
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Table 6   Comparison of age at diagnosis and age at treatment initiation for 231 patients with X-linked agammaglobulinemia in the USIDNET 
Registry

Age at diagnosis was significantly lower among those who were alive, without LRTI, and with family history of agammaglobulinemia at the 
time of data entry. Age at treatment initiation was significantly lower in those without LRTI and with family history
CI confidence interval, FH family history of agammaglobulinemia, IQR interquartile ratio, LRTI lower respiratory tract infection
* Statistically significant p values are bolded. Calculated by Wilcoxon rank-sum (two-sided) and odds ratios

Comparison groups Age in years at diagnosis p Value* Age in years at treatment initiation p Value*
Median (IQR) N (%) with available 

data
Median (IQR) N (%) with available 

data
Living (N = 148) 1.8 (0.5–5.0) 122 (82%) 0.04 1.7 (0.5–4.9) 83 (56%) 0.05
Versus deceased 

(N = 20)
2.7 (1.6–6.0) 18 (90%) 3.4 (2.3–7.0) 8 (40%)

Without LRTI 
(N = 102)

1.5 (0.5–3.3) 75 (74%) 0.0026 1.0 (0.4–2.4) 48 (47%) 0.0006

Versus with LRTI 
(N = 129)

3.0 (1.0–5.0) 111 (85%) 2.8 (1.0–5.4) 65 (50%)

With FH (N = 90) 1.0 (0.2–4.0) 72 (80%) 0.0002 1.0 (0.2–3.5) 47 (52%) 0.0025
Versus without FH 

(N = 141)
2.6 (1.3–5.0) 114 (80%) 2.5 (1.0–5.0) 66 (47%)

Comparison groups Age in years at diagnosis p Value* Age in years at treatment initiation p Value*
Odds ratio (95% CI) N (%) with available 

data
Odds ratio (95% CI) N (%) with available 

data
Living (N = 148) 1.038 (0.929–1.160) 122 (82%) 0.51 1.020 (0.933–1.115) 83 (56%) 0.67
Versus deceased 

(N = 20)
18 (90%) 8 (40%)

Without LRTI (N = 1 
02)

1.099 (0.999–1.207) 75 (74%) 0.05 1.216 (1.048–1.411) 48 (47%) 0.01

Versus with LRTI 
(N = 129)

111 (85%) 65 (50%)

With FH (N = 90) 0.892 (0.807–0.986) 72 (80%) 0.03 0.969 (0.902–1.041) 47 (52%) 0.39
Versus without FH 

(N = 141)
114 (80%) 66 (47%)

Fig. 2   Scatter plot of birth year 
and diagnosis age among 231 
patients with X-linked agamma-
globulinemia in the USIDNET 
Registry
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a significantly earlier age at diagnosis and treatment initia-
tion among those without any LRTI compared to those with 
LRTIs. This suggests that earlier initiation of Ig replacement 
may prevent patients from experiencing LRTIs, which are 
a frequent cause of infection, morbidity, and mortality in 
XLA. This is particularly relevant because repeated LRTIs 
are associated with development of chronic lung disease, 
which is a common cause of mortality both in our patients (5 
of 17 with reported cause; Table 5) and in previous reports 
[5, 6, 17]. Previous studies have demonstrated that acute 
and chronic lung disease can account for 41% of deaths in 
patients with XLA and that chronic lung disease is predictive 
of mortality in patients with XLA [5, 18].

In further support of newborn screening for XLA, the 
median age at diagnosis and treatment initiation was 2 years 
and 1.8 years in our cohort, respectively. In addition, we 
found that patients with a family history of agammaglobu-
linemia had a statistically significant earlier age at diagnosis 
and treatment initiation compared to those without a fam-
ily history of agammaglobulinemia, potentially supporting 
that earlier clinical suspicion could reduce age at diagnosis 
and treatment initiation. Therefore, we propose that identi-
fying XLA patients in the first weeks of life through new-
born screening has the potential to significantly reduce age 
at diagnosis and treatment initiation and therefore morbid-
ity and mortality, particularly as it relates to infection and 
chronic lung disease.

Given the nature of our database, which includes data on 
patients from multiple decades, and the advances in diagno-
sis and treatment of XLA over time, we analyzed our patient 
cohort for an association between birth year and certain 
patient characteristics, including infection type and mortal-
ity. We found that deceased patients and those with LRTI 
were likely to be born in earlier decades, while patients with 
only URTI were born more recently. We further note that the 
median age of death in our cohort was young, supporting 
that improvement of therapy is related to better survival, 
rather than an older age of deceased patients born in earlier 
decades. The collected data again demonstrate that earlier 
diagnosis and treatment diminish more deleterious infections 
and reduce mortality among patients with XLA [6].

Our study is limited by the nature of the data collected 
in the USIDNET Registry. There are aspects of this cohort 
that could have been further investigated (i.e., the indication 
for HSCT, the relationship between organisms and infection 
type, Ig replacement therapy, and IgG trough levels as they 
relate to time of infection) that are not possible because of 
a lack of these data. We acknowledge that these areas are 
of interest to the primary immune deficiency community. 
We encourage future studies to investigate these issues and 
acknowledge past studies that have investigated them in the 
form of a retrospective cohort with available medical records 
[19].

Compared to prior similar studies, our dataset also did 
not allow us to connect identified organisms with infec-
tion types [6, 19]. While some studies have demonstrated 
a temporal relationship between infection and Ig replace-
ment therapy and infection and IgG trough levels, we were 
unable to do so with this dataset, as timing of infections 
and their relationship to IgG trough levels are not recorded 
[19, 20]. As previously noted, while the reason for HSCT 
was not documented in our cohort, prior studies have indi-
cated that patients with XLA undergo HCST to avoid sig-
nificant infection, chronic lung disease, neurogenerative 
disease, or malignancy that develop despite appropriate 
therapy [13].

For many patients, living or deceased status was not 
specified. There was also missing data for a number of 
patients regarding age at diagnosis and treatment ini-
tiation; this could account for the fact that our age of 
diagnosis was slightly higher than our age of treatment 
initiation. It is possible that this missing data resulted 
in Type 2 errors, particularly for our finding that age at 
treatment initiation was not significantly different between 
patients identified as living compared to those identified 
as deceased. We were also limited by the cross-sectional 
nature of the dataset, leaving us unable to calculate preva-
lence; each patient’s cross section was also during a differ-
ent time period given the nature of the database.

In summary, we reported on infections and infec-
tion-related mortality in 231 patients with XLA in the 
USIDNET Registry. Respiratory infections, particularly 
pulmonary infections including LRTIs (such as pneumo-
nia), were identified as being among the most commonly 
reported infection types and a common cause of mortality 
in patients with XLA. Patients with LRTIs were identified 
as having a later age at diagnosis and treatment initiation. 
Our study findings support implementation of newborn 
screening for defects in B cell development, offering the 
opportunity to prevent pulmonary infections through ear-
lier diagnosis and treatment initiation, which are a com-
mon cause of morbidity and mortality in XLA. We hope 
that our findings will help increase clinical suspicion for 
XLA in patients with recurrent infection, help provid-
ers anticipate infection types in patients with XLA, and 
advocate for the addition of profound defects in B cell 
development, such as XLA, to the panel of conditions to 
be included in newborn screening programs.
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