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Abstract

Purpose To understand the natural history and clinical outcomes for patients with X-linked agammaglobulinemia (XLA) in
the United States utilizing the United States Inmunodeficiency Network (USIDNET) patient registry.

Methods The USIDNET registry was queried for data from XL A patients collected from 1981 to 2019. Data fields included
demographics, clinical features before and after diagnosis of XLA, family history, genetic mutation in Bruton’s tyrosine
kinase (BTK), laboratory findings, treatment modalities, and mortality.

Results Data compiled through the USIDNET registry on 240 patients were analyzed. Patient year of birth ranged from
1945 to 2017. Living status was available for 178 patients; 158/178 (88.8%) were alive. Race was reported for 204 patients
as follows: White, 148 (72.5%); Black/African American, 23 (11.2%); Hispanic, 20 (9.8%); Asian or Pacific Islander, 6
(2.9%), and other or more than one race, 7 (3.4%). The median age at last entry, age at disease onset, age at diagnosis, and
length of time with XLLA diagnosis was 15 [range (r) = 1-52 years], 0.8 [r=Dbirth-22.3 years], 2 [r=birth-29 years], and
10 [r=1-56 years] years respectively. One hundred and forty-one patients (58.7%) were < 18 years of age. Two hundred
and twenty-one (92%) patients were receiving IgG replacement (IgGR), 58 (24%) were on prophylactic antibiotics, and 19
(7.9%) were on immunomodulatory drugs. Eighty-six (35.9%) patients had undergone surgical procedures, two had under-
gone hematopoietic cell transplantation, and two required liver transplantation. The respiratory tract was the most affected
organ system (51.2% of patients) followed by gastrointestinal (40%), neurological (35.4%), and musculoskeletal (28.3%).
Infections were common both before and after diagnosis, despite IgGR therapy. Bacteremia/sepsis and meningitis were
reported more frequently before XLA diagnosis while encephalitis was more commonly reported after diagnosis. Twenty
patients had died (11.2%). The median age of death was 21 years (range = 3-56.7 years). Neurologic condition was the most
common underlying co-morbidity for those XL A patients who died.

Conclusions Current therapies for XLA patients reduce early mortality, but patients continue to experience complications
that impact organ function. With improved life expectancy, more efforts will be required to improve post-diagnosis organ
dysfunction and quality of life. Neurologic manifestations are an important co-morbidity associated with mortality and not
yet clearly fully understood.
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Introduction

X-linked agammaglobulinemia (XLA; OMIM #300,755)
was first described in 1952 [1]. An inborn error of immunity,
it is caused by pathogenic variants in the Bruton’s tyrosine
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kinase (BTK) gene, located on chromosome Xq21.3-Xq22
[2, 3]. The clinical phenotype is the consequence of a block
in early B cell development, which results in absent/very
low numbers of circulating B lymphocytes, low levels of
serum immunoglobulins, and severely impaired antibody
production. The disease prevalence is estimated between
1:100,000 and 1:200,000, but the true prevalence is not
known, as newborn screening strategies have not been
implemented. The clinical manifestations include recurrent
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infections with both bacterial and selective viral pathogens
affecting the lungs, sinuses, ears, eyes, skin, joints, and
brain. Patients can experience sepsis and bacteremia with
encapsulated pathogens and Pseudomonas spp., and gas-
trointestinal infectious diseases are frequently encountered
[4-6]. Series of patients with XLLA from different countries
confirmed similar infectious patterns independent of their
geographic location [5—11]. Meningoencephalitis caused by
enteroviruses is reported in industrialized countries, while
vaccine-associated paralytic polio remains a threat in those
countries where live-attenuated polio vaccine remains the
standard of care [7]. Antimicrobial therapies and lifelong
immunoglobulin replacement (IgGR), in countries where
these are easily available, have allowed patients to survive
into adulthood. As patients age, non-infectious complica-
tions such as inflammatory bowel disease, autoimmunity,
and malignancy are being recognized, many times without
effective therapies. Overall mortality varies depending on
geographic location, but survival beyond 20 years is reported
to be lowest in Asia and Africa [7, 8, 12].

The USIDNET registry database is a compilation of
information from medical centers around the USA and
Canada. USIDNET, a program of the Immune Deficiency
Foundation (IDF), is supported by a cooperative agreement,
U24A186837, from the National Institute of Allergy and
Infectious Diseases (NIAID). The current on-line patient-
consented USIDNET registry compiles de-identified data
and is available for research purposes after a query request
is submitted to the USIDNET Steering Committee. The
last similar report on XL A from this registry was published
15 years ago and included 201 patients. Within this cohort,
the age of diagnosis without a family history was 5.4 years,
infections were recognized as the most common presenta-
tion, and 8.5% (17/201) had died [6]. The purpose of this
study is to understand if clinical outcomes and treatment of
XLA among US-based patients have significantly changed
in the past 15 years.

Methods

Data was extracted from de-identified data provided by the
USIDNET registry. A total of 49 medical centers and fifty
medical providers in the USA contributed data on patients
with XLA. We confirmed that the data provided by USID-
NET for this analysis did not include the original legacy
patient datasets utilized and published by Winkelstein et al.
in 2006 [6]. Data fields included year of birth, age at disease
onset, age at diagnosis, living status, age of death, length
of time with diagnosis of XL A, age when treatment was
started, race/ethnicity, family history, number of family
members with primary immunodeficiency, and gene muta-
tion. This registry also collects patient treatments including

use of IgGR and route of administration, antibiotic prophy-
laxis, immunomodulatory drugs, surgeries, and whether
patients had undergone either hematopoietic cell transplan-
tation (HCT) or solid organ transplant.

Patient data entered by their medical provider included
infections and conditions involving different organ systems
(Supplemental Table 1). Affected organ systems included the
central nervous system, respiratory, cardiovascular, gastroin-
testinal, renal, musculoskeletal, hematologic, endocrine, and
psychiatric aspects. Types, locations of infections, and path-
ogens identified were reviewed. Infections were recorded
based on location in the body. Sinopulmonary infections
included pneumonia, sinusitis, and otitis media. Skin infec-
tions, conjunctivitis, abscess, opportunistic infections, sep-
sis, meningitis, bacterial arthritis, encephalitis, osteomyeli-
tis, and bacteremia were compiled.

Statistical Analysis

We conducted a detailed descriptive analysis of the USID-
NET XLA cohort. We wanted to characterize the types
of infections, co-morbid conditions, and sub-conditions
within different organ/body systems. We reported means
and standard deviations on continuous variables for highly
skewed continuous variables, and we reported median and
inter-quartile ranges. For categorical variables, we reported
counts and proportions. We further examined the effects
of IgG dose on survival, infection type, and complications
using multivariable linear and generalized linear regression
models. All analyses were conducted within R statistical
software [13].

Results
Patient Cohort

Data on 240 patients with XLA living in the USA were
entered between the years 1981 and 2019 (Table 1). While
the registry was created in 1999, data from prior visits
based on medical records were included which dated back
as early as 1981. Patients were born between 1945 and 2017
(median, 1991; range, 1945-2017). One hundred and forty-
one patients (58.7%) were < 18 years of age.

Race was indicated in 204 patients as follows: White, 148
(72.5%); Black/African American, 23 (11.2%); Hispanic, 20
(9.8%); Asian or Pacific Islander, 6 (2.9%); and other or
more than one race, 7 (3.4%).

Living status was reported for 178, of whom 158
(88.8%) were alive at the time of this analysis. One hun-
dred and twelve (62%) patients reported a family history
of immune deficiency among 180 with documented family
history. Of those patients with a reported family history,
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Table 1 Demographics, patient characteristics, and treatment modalities
for the USIDNET XLA patient cohort

Demographics
Year of data entry 1981-2019
Year of birth (median; range) 1945-2017

(1991; 1945-2017)
Race (N=204)

White/Caucasian 148 (72.5%)
Black/African American 23 (11.2%)
Hispanic 20 (9.8%)
Asian or Pacific Islander 6 (2.9%)
Other or more than one race 7 (3.4%)

Living status (N=178)

Alive 158 (88.8%)
Deceased 20 (11.25)
Patient characteristics
Family history (N=180) 112 (62%)
Reported mutation in BTK 229 (95%)
Age at last entry: years (yrs); median (range) 15 (1-52)

Age at disease onset (N=123): yrs; median 0.8 (birth-22.3)
(range)
Age at diagnosis (N=191): yrs; median 2 (birth-29)

(range)

Length of time with XL A diagnosis: yrs; 10 (1-56)
median (range)

Body mass index (mean, SD) 25.6 (6.61)
Treatment modalities

1gG therapy (%) 221(92)

Prophylactic antibiotics (%) 58 (24)

Immunomodulators (%) 19 (7.9)

Surgeries (%) 86 (35.9)

Hematopoietic cell transplantation (%) 2(0.8)

Liver transplantation (%) 2 (0.8)

a primary immune deficiency (PID) was reported by one
other family member in 17.5%, 2 other family members in
10.4%, and more than 2 other family members in 7.9% of
patients. BTK was the reported affected gene in 229 (95%)
of the patients. However, the BTK pathogenic variant was
only documented in 25 patients (Supplemental Table 12).

The median age at last entry was 15 years (range, 1-56).
The median age of disease onset was 0.8 years (range,
birth-22), with a median age at diagnosis of 2 years
(range, birth-29), and the median length of time with
diagnosis of XLA was 10 years (range, 1-56). The mean
BMI for adult patients in this cohort was 25.6 (SD=6.61)
while in the USA, the average adult male has a BMI of
26.6 (https://www.cdc.gov/nchs/data/nhanes/databriefs/
adultweight.pdf).

The racial/ethnic breakdown reported by this USIDNET
cohort (White, 72.5%) differs from what is currently being
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reported by the US Census Bureau (https://www.census.gov/
quickfacts/fact/table/US/PST045221). Therefore, a subset
analysis was performed to look at differences between White
and non-White. For the limited data that was available, no
difference was identified for age of death, age of disease
onset, age at diagnosis, age at start of [gGR, family history,
and survival (Supplemental Table 14).

Concerning treatment modalities, 221 (92%) patients
were reported as receiving IgGR. For 138/221 patients, the
mode of delivery was reported as intramuscular (IM) in 1
patient, intravenous (IV) in 92 patients, and subcutaneous
(SC) in 45 patients. We were unable to determine the num-
ber of patients who may have been on more than one mode
of IgG delivery (i.e., IV switched to SC or SC switched to
IV and IM), due to the limitations of the dataset. Fifty-eight
patients were reported as receiving antibiotic prophylaxis
as shown in Supplemental Table 13. Two patients were
reported as having received palivizumab. The IgG status
was available for 49/58 patients as follows: 30 (61%) were
on IVIG and 19 (39%) were on SCIG. The indication for
prophylaxis and length of prophylaxis could not be extracted
from the dataset. Nineteen patients (7.9%) were on treatment
with immunomodulatory drugs (Supplemental Table 11).
Eighty-six (35.9%) patients had undergone a total of 179
surgical procedures (data not shown), two had undergone
hematopoietic cell transplantation, and one patient was
reported as living with an unknown status for the other.
Liver transplantation had been reported for 2 patients, both
of whom were alive (Table 1).

Infections

In this cohort, 222 patients (92.5%) reported infections,
with 1054 total infections reported in the Registry (Sup-
plemental Table 2). Most patients (56.2%) reported pneu-
monia, while similar numbers reported sinusitis (54.6%)
and otitis media (54.2%). Common infections included skin
infections (29.2%), conjunctivitis (25%), and abscess (10%).
Ten percent of patients reported bacteremia (7.5%) or sepsis
(2.5%). Opportunistic infections were recorded in 8.3%, but
details of these infections could not be clearly ascertained.
Seven and a half percent of patients had meningitis, while
bacterial arthritis and encephalitis were noted in 5.8% each.
When comparing infections prior to diagnosis versus those
after diagnosis, pneumonia was more commonly noted
before diagnosis, followed by otitis media and sinusitis.
However, after the diagnosis of XLA was established and
despite IgGR, patients continue to experience episodes of
pneumonia, but sinus and ear infections were more frequent
(Fig. 1A). When evaluating post- vs pre-diagnosis differ-
ences in prevalence for each type of infection, only menin-
gitis and bacteremia/sepsis had reduction after the diagnosis
of XLA was made (Fig. 1B).
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Medical Conditions and Organ involvement

Medical conditions other than infections were reported in
193 patients (80.4%), with 1243 total conditions reported
(supplemental Table 1). After diagnosis, 178 patients
reported any medical condition: 89 patients (50%) reported
four or more conditions, 40 (22%) reported 1 condition, 28
(15.7%) reported two conditions, and 21 (11.8%) reported 3
conditions (data not shown).

XLA patients were reported as having different organ
systems involved (Table 2). The highest number of patients
(51.3%) experienced respiratory illnesses, followed by gas-
trointestinal (40.0%), neurological (35.4%), and musculoskel-
etal (28.3%) problems (Table 2). Other conditions reported
included hematologic (19.2%), dermatologic (18.3%), endo-
crine (10.8%), cardiovascular (7.9%), psychiatric (7.5%), and
renal involvement (7.1%). (Supplemental Tables 3—10). When
comparing organ system involvement before and after diag-
nosis of XLA, respiratory and gastrointestinal manifestations
continued to be reported, but both neurological and musculo-
skeletal complications appeared to be more frequently noted
after the diagnosis of XLLA was made and despite therapies
(Fig. 2A). When post- vs. pre-diagnosis differences were
investigated, the three body systems with the largest increases
after diagnosis were gastrointestinal, respiratory, and neuro-
logical (Fig. 2B). Among patients with respiratory disease,
lower respiratory disease, asthma, bronchitis, and COPD were
most frequently reported. In this cohort, twenty-two patients
reported bronchiectasis (9%) (Supplemental Table 3). Among
gastrointestinal manifestations, diarrhea, abdominal pain, and
GERD were frequent. Inflammatory bowel disease, including
Crohn’s disease, colitis, and ulcerative colitis, was seen in
14 patients (14/240; 5.8%; Supplemental Table 4). Among
patients with neurologic complications, more than half had
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Fig.1 A Prevalence of different types of infections before and after
diagnosis, sorted by post-diagnosis prevalence. B Post- vs. pre-differ-
ences in prevalence for each type of infection. For example, bactere-

Table 2 Organ/system involvement in USIDNET XLA patients

Patient cohort

N=240 (%)
Respiratory 123 (51.25)
Gastrointestinal 96 (40.00)
Neurological 85(35.42)
Musculoskeletal 68 (28.33)
Hematologic 46 (19.17)
Dermatologic 44 (18.33)
Endocrine 26 (10.83)
Cardiovascular 19 (7.92)
Psychiatry 18 (7.50)
Renal 17 (7.08)

reported cognitive disabilities, speech delay, mental retarda-
tion, and difficulties with educational academic activities.
Thirteen of these patients were affected by seizures/epilepsy.
Among this cohort, 5 were reported as having had paralytic
polio, all born prior to 1991 (Supplemental Table 5). Most
patients with musculoskeletal symptoms described arthritis,
arthralgias, or generalized aches and pains. Five patients are
reported as having dermatomyositis. (Supplemental Table 6).
Interestingly, of the five patients reported as having dermato-
myositis, two had died and had experienced encephalitis and
encephalopathy respectively; another patient had reported
“enterovirus” among the infectious history. Sinusitis and no
infections were documented for the other two patients. For
those patients with hematologic organ involvement (46/240),
all but one had some form of cytopenia; in 6 patients, more
than one cytopenia was reported, and 1 patient had a B cell
lymphoma (Supplemental Table 7). The most common endo-
crine abnormality was short stature with or without growth
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mia/sepsis and meningitis infections had the largest reduction after
diagnosis, as shown at the bottom of the graph. OM = otitis media
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Fig.2 A The prevalence of body system involvement before and after XL A diagnosis. B Post- vs. pre-differences. The three body systems with
the largest increases after diagnosis are gastrointestinal, respiratory, and neurological. MSK = musculoskeletal

hormone disorder (Supplemental Table 8). Psychiatric mani-
festations included attention deficit disorder with hyperactiv-
ity followed by depression, behavioral problems, and anxiety
(Supplemental Table 9). Almost 8% of patients reported a
cardiac condition (Supplemental Table 10). Less commonly
affected organs were the kidneys and liver (data not shown).

Symptoms of allergic disease such as chronic rhinitis,
eczema/atopic dermatitis, and urticaria were reported in
28% of patients. Food allergies were reported in 7 patients
and 44 patients reported drug allergies. Anaphylaxis was
reported in 4 patients (2 to shellfish, 1 to bee venom, and 1
to sulfamethoxazole-trimethoprim) (data not shown).

Rare conditions included 2 patients with bronchioli-
tis obliterans with organizing pneumonia (BOOP), 4 with
appendicitis, and 1 patient with neurofibromatosis. Among
this cohort, 3 (1.25%) patients reported malignancy (B cell
lymphoma, angiosarcoma, and craniopharyngioma).

Treatment with Anti-microbials, Inmunoglobulin
Therapy, Inmunomodulating Medications, Surgery,
and Transplantation

In this cohort, 58 patients (24%) received antibiotic prophy-
laxis, and 44 of them were reported as being on continuous
treatment. Regression analysis showed that patients on con-
tinuous prophylactic antibiotics were more likely to have an
increased number of conditions (rate ratio (RR), 1.17; 95%
CI, [1.10, 1.24]; p<0.001). We did not detect a significant
correlation between infection and continuous prophylactic
antibiotic use (OR, 1.2; 95% CI, [005, 11.0], p=0.9; data
not shown). Most (92%) patients reported receiving gamma
globulin treatment at some point.

Headaches were the most common IgG therapy
reactions reported in 220 patients. Serious reactions
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included 2 patients with anaphylaxis, while thromboem-
bolism, renal dysfunction, and aseptic meningitis were
reported in 1 patient for each condition. In this cohort of
patients, after controlling for age at the time of first IgG
treatment, no significant association between IgG dose
(mg/kg) and IgG level (mg/dl) and years of survival was
observed since initial treatment (data not shown). IgG
replacement therapy had a significant positive impact on
survival (years lived since diagnosis). Patients in whom
a response to “ever receiving [gGR” after diagnosis was
either “no” or “not documented” (N=11) had a median
survival of 16 years, compared to 51 years for those
who ever received IgG therapy (N =180). Cox regres-
sion showed that IgG therapy was associated with 89%
reduction in risk of death (hazard ratio=0.11, p <0.001;
Fig. 3C).

The use of immunomodulators was reported in 8% of
patients. Of note, three of the patients were on more than
one immunomodulator (Supplemental Table 11).

Eighty-six (36%) patients underwent a total of 179 sur-
gical procedures. Of these, 12% underwent either tonsil-
lectomy or adenoidectomy, two patients had both, and all
except one had a reported BTK as the gene affected. Other
patients reporting to have had surgery underwent place-
ment of myringotomy tubes (30%), Port-a-Cath (9%), and
appendectomy in 12.6% patients (data not shown).

Four patients had received an organ transplant: two
underwent HCT and two had a liver transplant. One of the
two patients treated with HCT reported it as treatment for
the primary immunodeficiency and was alive. The living
status of the other patient who had undergone HCT was
not reported. One liver transplant patient reported indica-
tion for end-stage cirrhosis and the other for portal hyper-
tension; both were reported as living.
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Survival

Of 178 patients with reported living status, 158 (88.8%)
were living and 20 (11.2%) were deceased. For 191 patients
in whom sufficient data was available (age at diagno-
sis, living/death status, and most recent office visit date),
Kaplan—Meier survival analysis showed that 75% of patients
had survived to 25 years beyond diagnosis (Fig. 3A). There
was no significant difference in survival between those who
started IgG before or after 2 years of age, which corresponds
to the median age at diagnosis among this cohort (Fig. 3B).

The reported median age of death was 21 years (range,
3-56.7 years). On average, these patients were diagnosed at a
median age of 2.7 years of age (range, 0.8—8.7 years) and had
lived to a median age of 17.1 years (range, 2-50.7) since diag-
nosis. In 14 of these 20 (70%) families, a history of XLLA was
known, whereas IgGR status was not known for 6/20 deceased
patients. The most common underlying co-morbid conditions
in these deceased patients were neurologic (75%), followed by
respiratory (70%) (Table 3). Causes of death were primarily
infections. Most of the deaths reported occurred before 1993,
the year the BTK gene was discovered. Since the year 2000,
only one death is reported among this USIDNET cohort.

The Lansky and Karnofsky scales of daily living were
collected for 46 and 30 patients respectively. The mean Kar-
nofsky score was 90.6 +10.99 and the mean Lansky score
was 92.38+21.3.

Discussion

We sought to understand the health impacts experienced by
XLA patients living in the USA, utilizing the USIDNET
registry. The racial/ethnic breakdown of patients included
in this dataset is predominantly White (72.5%) and is not a
complete representation of the current US population based
on the most recent US census Bureau that shows White,
59.3%; Black/African, 13.6%; Hispanic/Latino, 18.9%;
Asian, 6.1%; American Indian or Alaska Native, 1.3%;
Native Hawaiian or Pacific Islander, 0.3%; and two or more
races, 2.9% (https://www.census.gov/quickfacts/fact/table/
US/PSTO045221). As new registries are developed, efforts
should be made to ensure inclusion of all ethnic/racial back-
grounds, along with gender and socioeconomic and insur-
ance status to allow for a better understanding of how health
disparities impact morbidity and mortality.

Compared to the previous analysis of US patients per-
formed utilizing the USIDNET registry in 2006, the cur-
rent cohort of XLLA patients was diagnosed at a younger age
(median age, 2 years), had a higher reported family history
(62%), and in 95% of cases, a molecular diagnosis had been
established as compared to 59% of patients from an earlier
cohort [6].

In the absence of newborn screening for XL A, a delay in
diagnosis can impact long-term morbidity [14]. Improve-
ment in early diagnosis is notable among this group of XLA
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Table 3 Underlying co-morbid conditions in deceased XLA patients

Co-morbid conditions Total
number of
patients
N=20 (%)

Neurological 15 (75)

Respiratory 14 (70)

Gastrointestinal/liver 13 (65)

Musculoskeletal 13 (65)

Cardiovascular 7 (35)

Dermatologic 7 (35)

Hematologic 4 (20)

Psychiatry 2 (10)

Endocrine 2 (10)

Renal 1(5)

patients residing in the USA, when compared to previous US
reports and those from other regions [6, 7, 9, 14]. However,
until newborn screening (NBS) programs incorporate ana-
lytes to detect congenital B cell deficiencies, earlier diagno-
sis will likely not change, and true prevalence will remain
unknown [15].

Infections remain the critical contributor to morbidity and
organ dysfunction in patients with XLA [6, 7, 9, 16]. After
almost 60 years of IgG replacement therapy, there is no doubt
to its critical role for the survival of XLA patients (Fig. 3C).
Yet, the most striking observation among this cohort is the
frequent episodes of infections and organ system involvement
that patients with XLLA continue to experience, despite IgG
replacement and supportive therapies. This is not a novel find-
ing and corroborates similar observations reported by a care-
fully designed study by the Italian Primary Immunodeficiency
Network (IPINET) [9]. In addition, 50% of patients from this
USIDNET cohort were reported as having more than three
medical conditions after diagnosis, an observation that has
been implicated as impacting quality of life [17]. Specifically,
before or at diagnosis, 20.4% of patients experienced pneumo-
nia. However, after diagnosis and IgGR, pneumonia continued
to occur in almost 40% of patients, but sinusitis (46.2%) and
otitis media (42.1%) became more frequent, followed by skin
infections (22.5%) and conjunctivitis (22.5%), both having
increased dramatically (Fig. 1A and supplemental Table 2).
Twenty-two patients (9.1%) were reported as having bron-
chiectasis. This dataset did not allow us to establish whether
bronchiectatic changes were present at diagnosis or during a
patient’s lifetime. A recent report analyzing the same registry
of patients found that the earlier the patients were diagnosed,
the less likely they were to develop lower respiratory tract
infections [16]. This is important because once bronchiec-
tatic changes have occurred, disease progression is difficult
to control and leads to chronic lung disease (CLD), a known
predictor of morbidity and mortality [5, 7, 9]. However, recent
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reports indicate the development of CLD despite IgG replace-
ment [9]. Enterovirus is a well-known cause of infections, par-
ticularly encephalitis, in patients with XL A [14, 18]. Extraor-
dinarily, encephalitis was four times more likely to occur after
diagnosis in this cohort and higher than previously reported
by the Italian cohort [9]. The reason for this is unknown but
highlights caution when comparing findings from studies with
different study design. In addition, this may also underline the
importance of BTK in the immune response to certain viruses
[19, 20]. The dramatic increase of neurologic system involve-
ment after diagnosis as the third most commonly reported
system affected merits additional investigations (Fig. 2B).
Fortunately, there was an almost 50% reduction in cases of
bacteremia/sepsis/meningitis after the diagnosis of XL A was
made. However, these serious life-threatening infections were
still reported (Fig. 1A, B; Supplemental Table 2).

Inflammatory bowel disease, Crohn’s disease, coli-
tis, and ulcerative colitis were collectively seen in 14
patients (14/240; 5.8%; Supplemental table 4). A previ-
ous US cohort from 2006 reported diarrhea in over 50%
of patients, but inflammatory colitis was not called out
[6]. A more recent update among US patients entered
in the USIDNET registry identified a higher prevalence
of IBD or enteritis [21]. The description of the different
gastrointestinal manifestations reported makes it difficult
to compare to other series, but in general, US patients
appear to report less inflammatory enteritis [9-11] [21].
Similarly, autoimmune manifestations such as arthritis,
cytopenias, and endocrinopathies were identified, many
of which have been previously recognized [22]. XLA
patients with dermatomyositis merit further investigation
to understand if viruses, like enterovirus, are potentially
important triggers.

Among patients in this cohort, an unexpected number of
reports of appendicitis, above that expected in the general
population of 1 in 1000 patients, were observed. Similarly,
despite the dogma that XLLA patients have small/undetect-
able tonsils, it was unusual to identify 12% of XLA patients
undergoing either tonsillectomy or adenoidectomy. There
was insufficient information to evaluate whether these
patients represented a “leaky” XLA phenotype.

Interestingly, several patients experienced features of
atopy and food and drug allergies, an aspect to further exam-
ine. Many conditions involving the central nervous system
were identified in this cohort with patients reported as hav-
ing cognitive delays, seizures, mental retardation, and learn-
ing difficulties. There is no clear understanding of whether
these observations are the result of infectious injury and will
require further inquiry. Similarly, mental health concerns
such as depression, anxiety, drug abuse, and suicidal idea-
tion were noted among this US cohort, but has received lit-
tle attention (Supplemental Table 5). Studies are needed to
address mental health concerns in PID in general.
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Mortality in the past 20 years appears improved among
this US cohort, with only one death since 2000. This is in
contrast to large multicenter international studies [7] [11].
However, this observation may be limited by selection bias
as those patients entered are primarily followed by subspe-
cialists very familiar with their condition.

Few patients in the USIDNET registry underwent trans-
plantation, with only two patients having had bone mar-
row transplantation and two patients liver transplantation.
Reports of patients undergoing stem cell transplantation for
XLA have been few [23, 24]. None of the patients in this
cohort had undergone lung transplantation [25].

This study has several limitations. First, the racial/eth-
nic breakdown of patients included in this dataset is pre-
dominantly White (72.5%) and is not a complete represen-
tation of the current US population. A subset analysis did
not identify a difference between White and non-White
with respect to age of death, age of disease onset, age at
diagnosis, age at start of [gGR, family history, and sur-
vival (Supplemental Table 14). However, the data is lim-
ited and further studies are needed to investigate whether
differences may exist. Second, health disparities were not
adequately captured and we were unable to address how
ethnic/racial backgrounds, along with socioeconomic sta-
tus and insurance coverage, impacted access to care and
subsequently morbidity and mortality. As new registries
are developed, efforts should be made to include infor-
mation regarding social determinants of health to allow
better understanding of how health disparities are impact-
ing patient outcomes. Third, our study may suffer from
selection bias as those patients included represent patients
followed primarily by clinical immunologists from large
academic referral centers or large private practice groups
with experience caring for XLA patients. Fourth, while
more XLA patients are reported as having a BTK defect
as compared to 15 years ago, it was disappointing to see
that the exact pathogenic variant was not available for
most and its correlation with clinical outcomes could not
be analyzed. Fifth, the dataset lacks continuous long-term
follow-up data and the number of patients with complete
information on IgG dosing/route of administration/trough
levels, and details on specific infections, was small mak-
ing it difficult to perform statistical analysis with mean-
ingful clinical correlations due to lack of power and/or
targeted study design.

There is no doubt that current therapies in XL A patients
reduce early mortality, but patients continue to experi-
ence complications that impact both organ function and
health-related quality of life (Fig. 2B) [9, 26]. Sinopul-
monary infections and hospitalizations remain part of the

day-to-day life for these patients. Among this cohort of
patients, no significant association was detected for IgG
dose and/or IgG level and survival, but this is likely due
to limited data among those who died.

As patients with XLA live into adulthood, there is a
need to establish standards of practice to monitor progres-
sion of disease and end organ damage. The cumulative
risk of chronic lung disease in XLA has been reported to
reach 47% at 50 years of age [9]. Therefore, how should
lung function of XLA patients be monitored? Should all
patients have periodic CT imaging? What about pulmo-
nary function studies? When should this start and how
frequently? Given the gastrointestinal and neurologic
manifestations reported, should efforts be directed at
identifying biomarkers for these complications? New-
born screening strategies are currently being considered
[27-29]. Earlier diagnosis could allow for early institu-
tion of therapies. However, it is clear from this and the
longitudinal study of Italian patients that IgG replacement
during the lifetime of these patients is not sufficient to con-
trol morbidity and mortality [9, 16]. Alternatively, gene
therapy strategies are in the horizon. B cell development
and function were restored in a murine model of XLA
using UCOE-BTK promoter—based lentiviral gene therapy
with a recent publication describing its safety and efficacy,
and sustained correction of B cell function in these murine
models [30-32].

Conclusions

In this large-cohort study of patients with XLLA in the United
States Immunodeficiency Network registry, patients have
frequent co-morbid conditions and infections, despite the
use of different treatment modalities. Patients with XLA
need alternative early diagnosis and novel treatment options
to address the underlying disease and aid in the treatment
and prevention of co-morbid conditions that complicate the
health and impact the quality of life of these individuals.
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