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Abstract
Lipopolysaccharide (LPS)-responsive beige-like anchor (LRBA) protein deficiency is a rare syndrome of primary
immune deficiency and immune dysregulation. In this study, we sought to summarize our experience with respiratory
manifestations in LRBA-deficient patients. We conducted a retrospective analysis of the medical records of LRBA-
deficient patients treated at Hadassah-Hebrew University Medical Center, Jerusalem, Israel. Data retrieved included
pulmonary workup, disease course, treatment, and outcome. Ten patients were included. Mean age at presentation of
LRBA deficiency-related symptoms was 4.65 years (range 3 months–14 years). Respiratory symptoms were noted in
six patients and consisted of chronic cough. Computed tomography revealed consolidation in five patients, atelectasis
and bronchiectasis in two patients each, and diffuse interstitial lung disease in two additional patients. Respiratory
tract cultures yielded a bacterial pathogen in five patients. Seven patients required active therapy: intravenous
immunoglobulins (six patients), immunosuppressive drugs (five patients), and one was successfully treated with
abatacept. Two patients underwent successful bone marrow transplantation. Mean follow-up period was 4.5 (range
0.4–14.4) years. On their latest examination, seven patients had no respiratory symptoms.

Conclusion: Pulmonary manifestations are common in LRBA deficiency. Respiratory characteristics in LRBA-deficient
patients should be investigated, monitored, and treated from the time of diagnosis.
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What is Known:
• Lipopolysaccharide-responsive beige-like anchor (LRBA) deficiency is a syndrome of primary immune deficiency and immune dysregulation.
• Studies concerning the pulmonary characteristics of LRBA-deficient patients are lacking.

What is New:
• Respiratory manifestations include infections, bronchiectasis, interstitial lung disease, thoracic lymphadenopathy, and clubbing.
• Awareness to pulmonary morbidity in LRBA-deficient patients and involvement of a pulmonologist in the workup and clinical decision-making is
important.

• Respiratory characteristics in LRBA-deficient patients should be investigated, monitored, and treated from a young age.
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Abbreviations
AM Alveolar macrophages
BAL Bronchoalveolar lavage
CMV Cytomegalovirus
CT Computed tomography
CTLA-4 Cytotoxic T-lymphocyte antigen-4
CVID Common variable immunodeficiency

disorder
CXR Chest X-rays
FEV1 Forced expiratory volume in 1 s
FTT Failure to thrive
FVC Forced vital capacity
GCS Glucocorticosteroids
GGOs Ground glass opacities
GLILD Granulomatous-lymphocytic ILD
HSCT Hematopoietic stem cell transplantation
IC Inflammatory cells
Ig Immunoglobulins
ILD Interstitial lung disease
IPEX Immune dysregulation,

polyendocrinopathy, enteropathy, X-linked
IVIG Intravenous Ig
LPS Lipopolysaccharide
LRBA LPS-responsive beige-like anchor
MMF Mycophenolate mofetil
PFT Pulmonary function testing
Treg Regulatory T cells
WES Whole exome sequencing

Introduction

Lipopolysaccharide (LPS)-responsive beige-like anchor
(LRBA) protein belongs to the BEACH-WD40 protein family
[2]. Located on 4q31.3, the LRBA gene is expressed in a va-
riety of organs, including the brain, heart, placenta, liver, skel-
etal muscles, kidneys, and pancreas [2, 19]. LRBA protein
plays an important role in the expression of cytotoxic T-
lymphocyte antigen (CTLA)-4 in CD4+ and FOXP3+ T cells
[11, 14, 18].

LRBA deleterious mutations are associated with a syn-
drome of primary immune deficiency (PID) comprised of a

combined immunodeficiency, autoimmune cytopenia, recur-
rent infections, immune dysregulation, hepatosplenomegaly,
and enteropathy [4, 12, 13, 16, 18, 19].

Studies describing patients with LRBA deficiency
focus on immunological and hematological characteris-
tics [4, 12–14, 18, 19]. However, detailed descriptions
of pulmonary manifestations in these patients are
lacking.

In this study, we summarize our experience with respirato-
ry manifestations of 10 LRBA-deficient patients. We present
pulmonary diagnostic workup, clinical course and treatment,
and review current literature.

Materials and methods

Patients

The study was conducted at Hadassah-Hebrew
University Medical Center, Jerusalem, Israel. All pa-
tients that were diagnosed with LRBA deficiency, due
to a mutation in the LRBA gene, and treated between
January 2000 and February 2018 were included in the
study. LRBA gene mutations were identified using whole
exome sequencing (WES) and were confirmed by
Sanger sequencing. The method of WES used in our
study was previously described [22]. Furthermore, pa-
tients P1–P4 have been previously reported [13, 22].

Study design

This is a retrospective analysis of the medical records of
LRBA-deficient patients. Data collected included clinical
presentation, course, treatment, and outcome. Results of
the pulmonary workup including fiber-optic bronchosco-
py studies, bronchoalveolar lavage (BAL) cultures, pul-
monary function testing (PFT), chest X-rays (CXR), and
computed tomography (CT) scans were reviewed and
analyzed. One patient (P6) was summoned to a
follow-up visit and completed PFT. CXR and CT scans
were reviewed by a senior pediatric radiologist. PFT and
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bronchoscopy studies were reviewed by a senior pediat-
ric pulmonologist.

Pulmonary function testing, computed tomography
scans, and bronchoscopy studies

PFT was performed according to the American Thoracic
Society/European Respiratory Society guidelines [20].
Evaluations included spirometry, lung volumes by pleth-
ysmography, airway resistance, and diffusion capacity
corrected for hemoglobin and lung volumes. Values are
presented as percent predicted values. PFT reference
values have considered failure to thrive (FTT) and
growth retardation.

CT scans were performed, using Phillips 256-slice
scanner (Brilliance iCT, Philips), utilizing standard pro-
tocol appropriate to the patient weight, with contrast
injection.

Bronchoscopy was performed using a pediatric flexible
bronchoscope under general anesthesia. BAL aliquots of ~
1 ml/kg normal saline were used in the right middle lobe
and lingula in addition to areas of evident airway secretions.
All samples were sent for Gram and acid-fast stains, fungal
smear, bacterial, fungal, and mycobacterial cultures. One pa-
tient (P7) underwent a trans-bronchial biopsy with multiple
specimens obtained under fluoroscopy.

Ethical review of the study

The study was approved by the Hadassah and Israeli
Ministry of Health institutional review boards (number
187-17-HMO).

Results

Clinical characteristics of the patients

Clinical characteristics are presented in Table 1. Ten Arab
patients (eight males), representing six consanguineous fami-
lies, were included in our study. P1, P2, and P3 are siblings of
one family; P7, P8, and P9 are siblings of a separate family.
Mean patient age (excluding P3 and P9) at first clinical pre-
sentation related to LRBA deficiency was 4.65 (range 0.25–
14) years.

Autoimmune manifestations on initial presentation includ-
ed ulcerative colitis (P10), immune thrombocytopenic purpura
(P1, P2, P4, P7, and P10), autoimmune hemolytic anemia (P1,
P2, P4, and P6), and Graves’ disease (P8). FTT was noted in
one patient (P7). A history of recurrent infections was noted in
four patients: Three patients had recurrent pneumonia (P1, P5,
and P7), one patient (P6) had recurrent urinary tract infections,
and another patient (P7) had recurrent acute otitis media. Two

patients suffered from chronic diarrhea (P5 and P6). Physical
examination revealed lymphadenopathy and splenomegaly in
seven (P1, P2, P4, P5, P6, P7, and P10) and five patients (P2,
P4, P5, P6, and P7), respectively.

Initial laboratory workup

Complete blood count on their first admission demonstrated
thrombocytopenia in four patients (P1, P2, P4, and P10;
10,000, 13,000, 71,000, and 8000 × 10−6 cells/l, respectively).
Anemia was noted in four patients (P2, P6, P8, and P10; 7.9,
10.9, 12.1, and 9.9 g/dl, respectively).

Decreased immunoglobulins (Ig) G levels were noted in
four patients (P4, P5, P7, and P10; 315, < 30, 486, and
331 mg/dl; age-adjusted normal range 639–1439, 463–1236,
608–1572, and 700–1600 mg/dl, respectively). Decreased
IgA was found in five patients (P4, P5, P6 P7, and P10; 34,
< 5, < 5, < 5, and 74; 70–312, 25–154, 33–202, 45–236, and
70–400 mg/dl, respectively). Three patients had decreased
IgM levels (P4, P5, and P6; 15, < 5, and 43; 56–352, 43–
196, and 48–207 mg/dl, respectively). Coombs test was pos-
itive in four patients (P1, P2, P5, and P10). Other autoanti-
bodies were found positive in two patients and included anti-
nuclear antibodies + 1 to + 2 out of four (P2) and anti-
thyroperoxidase antibodies > 1000 IU/ml (P8; normal range
< 35 IU/ml).

Genetic diagnosis of LRBA deficiency

WES revealed three LRBA gene mutations (Table 1). P1, P2,
P3, and P6 were found to have the same mutation
(c.8174_8175insCATG, p.N2727Hfs*13). P4, P5, P7, P8,
and P9 were found to have another mutation (c.7970T>G,
p . I 2 6 5 7 S ) . P 1 0 h a d a d i f f e r e n t m u t a t i o n
(c.7869_7873delTTCTA, p.S2624Rfs*23). Sanger sequenc-
ing confirmed mutations in all patients. The families reported
in our study are not related, and genetic analysis results were
attributed to a possible founder effect in the Palestinian
population.

Pulmonary manifestations and workup

Pulmonary manifestations at initial presentation

Pulmonary manifestations at initial presentation are presented
in Table 2. Four patients (P3, P6, P8, and P9) presented with
no respiratory complaints. Chronic cough was noted in six
patients on their first admission. One patient (P1) had dyspnea
and perioral cyanosis at rest. One of the patients (P5) had
clubbing. Lung auscultation on initial presentation was nor-
mal in six patients, with good bilateral aeration, and clear lung
fields. Unilateral left-sided crackles were noted in two patients
(left upper and left lower lobes, P2 and P5, respectively).

Eur J Pediatr (2018) 177:1163–1172 1165
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Decreased bilateral air entry was noted in two other patients
(P1 and P7). Examination of P1 revealed diffuse bilateral
wheezing and crackles.

Pulmonary workup

Pulmonary workup was guided by the clinical presentation.
Baseline PFT and CXR were available in five patients each.
Bronchoscopy studies were available in four patients (Tables 2
and 3). CT scans were available in six patients (Table 2).

Chest X-rays and computed tomography scans

CXR were consistent with hilar lymphadenopathy in four pa-
tients (P1, P5, P7, and P10). Atelectasis was noted in one
patient (P1). Consolidations were seen in two patients (P7
and P10).

Representat ive CT scans are shown in Fig. 1.
Opacifications suggestive of consolidations were seen in five
(50%) patients. Lobar and sub-segmental atelectasis were not-
ed in two patients (P5 and P1, respectively). Two patients
demonstrated bronchiectatic changes (P5 and P7).
Lymphadenopathy in thoracic CT scans was observed in five
patients. Axillary, mediastinal, and hilar lymphadenopathy
were demonstrated in two, three, and two patients, respective-
ly (Fig. 1a). In two patients (P7 and P10), CT scan demon-
strated changes consistent with diffuse interstitial lung disease
(ILD) including septal thickening, heterogeneous attenuation
pattern, and patchy opacities (Fig. 1b). Ground glass opacities
(GGOs) were seen in three patients (P1, P2, and P7; Fig. 1e).
Lung nodules were seen in five patients (P1, P2, P4, P7, and
P10; Fig. 1f). In three of them (P1, P2, and P4), only two to
five lung nodules were seen in each patient.

Pulmonary function testing

Presentation PFT included spirometry in five patients
(Table 3). Lung volumes, airway resistance, and diffusion

capacity were available in three patients (P1, P4, and P10).
One patient had normal flows with normal high lung volumes
and normal airway resistance (P4) but increased residual vol-
ume, likely secondary to poor effort. The remaining four (P1,
P2, P7, and P10) had a symmetrical forced expiratory volume
in 1 s (FEV1) and forced vital capacity (FVC) decrease in
flows. One of which had normal lung volumes and airway
resistance. The corrected diffusion capacity was normal. All
patients were young children with no prior experiencewith the
test, and therefore, technical difficulties were common. One
patient (P6) completed PFTon a follow-up visit. However, she
managed less than a 1-s effort, and the test was therefore
considered uninterpretable and is not displayed in the table.
In summary, these pulmonary functions are grossly normal
with no clear evidence of obstructive or restrictive disease.

Bronchoscopy studies

Patients with respiratory complaints and abnormal imaging as
described above underwent fiber-optic bronchoscopy with
BAL (Table 2). Normal respiratory tract anatomy was noted
in two out of four patients. Tracheomalacia and adenoid hy-
pertrophy were seen in two and one patients, respectively.

Pulmonary cytology and pathology

Cytological examination of the BAL fluid was available in all
the patients that underwent bronchoscopy (P1, P2, P4, and
P7). In all the patients above, specific pathogens were not
identified. A few inflammatory cells (IC) and alveolar macro-
phages (AM) were seen in the BAL specimens of P2 and P4,
respectively. The BAL of P7 demonstrated an abundant
amount of IC and AM. In P7, a trans-bronchial biopsy was
performed. Pathological examination revealed a dense chronic
inflammation in the bronchial wall. In the lung parenchyma,
chronic inflammation was noted in the alveolar septae with
fibrin and neutrophils in the alveolar spaces. No granulomas
were seen.

Table 3 Baseline pulmonary function testing of LRBA protein-deficient patients

Patient
Spirometry Lung volumes RAW (%

predicted)
DLCO (%
predicted)

FEV1 (%
predicted)

FVC (%
predicted)

FEV1/FVC
(%)

RV (%
predicted)

TLC (%
predicted)

RV/TLC
(%)

1 69 61 100 NA NA NA NA NA

2 73 79 85 95 84 25 95 104

4 99 95 95 174 116 32 75 91

7 52 45 99 NA NA NA NA NA

10 54 48 113 90 56 157 117 57

FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, RV residual volume, TLC total lung capacity, RAW airway resistance,DLCO diffusing
capacity of the lungs for carbon monoxide
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Microbiological analysis of the respiratory tract

Cultures from the respiratory tract were available in six pa-
tients (P1, P2, P4, P5, P7, and P10). BAL cultures were pos-
itive for Haemophilus influenzae beta-lactamase negative in
two patients (P4 and P7).

Coughed sputum cultures were positive for Haemophilus
influenzae beta-lactamase negative in three patients (P2, P5,
and P10) and Streptococcus pneumoniae in one patient (P5).
Sputum cultures in P2 were taken 7 months following BAL
cultures. P5 and P10 did not undergo bronchoscopy and had
no BAL cultures available. Galactomannan was available in
two patients (P7 and P10) and was positive in one (P10).

Polymerase chain reaction (PCR) for respiratory viruses
was available in three patients (P4, P7, and P10) and positive
in one (P7 for influenza virus type A (H1N1), cytomegalovi-
rus (CMV; 810 copies/ml) and herpes simplex virus-1. During
hospitalization, in which bronchoscopy was performed, P7
continued to have chronic productive cough and thus treat-
ment with amoxicillin and clavulanic acid, azithromycin and
oseltamivir was started. P4 and P5 were treated with amoxi-
cillin due to chronic cough and growth in cultures described
above.

Treatment and outcome

Treatment and outcome are presented in Table 1. Treatment
was directed against LRBA deficiency-related symptoms.
Seven patients received pharmacotherapy directed against au-
toimmune phenomena or hypogammaglobulinemia. One pa-
tient (P8) received methimazole for Graves’ disease. Six pa-
tients (P1, P2, P4, P5, P7, and P10) received monthly courses
of intravenous immunoglobulins (IVIG). Immunosuppressive
drugs were given to f ive pat ients and included
glucocorticosteroids (GCS; P1, P2, P4, P7, and P10),
rapamycin (P1, P2, and P4), and mycophenolate mofetil
(MMF; P1, P2, and P4). One patient (P7) was treated with
abatacept and hydroxychloroquine. P10 previously received
several courses of rituximab for autoimmune cytopenia.

Mean follow-up period (excluding P8 and P9, who have
continued follow-up in another medical center) was 4.5 (range
0.4–14.4) years. Mean current age is 12.07 (range 4.6–
25.5) years. In all patients, respiratory symptoms have ap-
peared before receiving treatment and did not significantly
change during the treatment. All patients are currently alive
with a stable clinical status. In their last physical examination,
cough was noted in three patients (P4, P5, and P10). Findings

Fig. 1 Computed tomography
(CT) scans of LRBA-deficient
patients. a, b Baseline axial
images of chest CT of P7 in
mediastinal (a) and lung (b)
windows demonstrating severe
lymphadenopathy and diffuse
interstitial lung changes. c, d
Corresponding axial images of P7
in mediastinal (c) and lung (d)
windows following abatacept
treatment with marked
improvement of the findings
shown in a, b. e Axial image of
chest CT of P1 in lung window.
Noted are ground glass opacities
in the right upper lobe (arrow). f
Axial image of chest CT of P1 in
lung window. Sub-segmental
atelectasis in the right middle lobe
and small nodules at the periphery
of both lower lobes are
remarkable (arrows)
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on physical examination were noted in three patients (left lung
crackles and upper respiratory rhonchi, P5 and P7, respective-
ly, and decreased RUL air entry and wheeze in P10).

Two patients (P4 and P7) underwent hematopoietic stem cell
transplantation (HSCT), and both are currently alive and well.

Pulmonary symptoms of P7 improved following treatment
with abatacept. A 2-month follow-up CT scan, which was
done before her HSCT and on antibiotic and abatacept treat-
ment, has demonstrated a significant reduction in mediastinal
lymphadenopathy and interstitial changes (Fig. 1c, d,
respectively). P10 is the oldest patient in our cohort. He suffers
a chronic productive cough, with occasional hemoptysis with
musculoskeletal chest pain. He has recently been commenced
on inhaled salbutamol and fluticasone with an improvement in
his symptoms, and is currently preparing for HSCT.

Discussion

In this study, we summarize respiratory features and workup
of 10 patients with genetically proven LRBA deficiency.

LRBA deficiency was first reported in four families, who
suffered from hypogammaglobulinemia and autoimmunity
[19]. In a cohort of 22 patients, clinical characteristics
consisted of immune dysregulation, hepatosplenomegaly, re-
current infections, hypogammaglobulinemia, and reduced
counts of regulatory T (Treg) and B cells [13]. Other studies
have extended the clinical phenotype of LRBA deficiency [2,
3, 5, 22]. However, studies focusing on respiratory manifesta-
tions in these patients are lacking.

LRBA deficiency is a rare autosomal recessive disease, and
data regarding epidemiology is extracted from case series and
small cohorts. High prevalence is noted among patients from
communities with high rate of consanguineous marriages.
However, compound heterozygous cases have also been de-
scribed [13].

In our study, pneumonia, as confirmed by CT scans and
isolation of bacterial pathogens from the respiratory tract, was
noted in 50% of the patients. Combined immunodeficiency is
characteristic of LRBA deficiency and explains this observa-
tion [1]. Prevalence of respiratory tract infections is reported
in a review of 31 LRBA-deficient patients to be 61% [2].
Other studies reported an even higher incidence, such as 76
and 80% among 17 and 22 LRBA-deficient patients, respec-
tively [6, 13].

Bronchiectasis was found in 20% of our patients. This cor-
responds well with previous studies, which reported bronchi-
ectasis in one third of LRBA-deficient patients [2]. As both
patients with bronchiectasis in our study had a history of re-
current pneumonia, bronchiectasis is probably a manifestation
of post-infectious sequela. PID is gaining appreciation in the
aetiopathogenesis of childhood non-cystic fibrosis bronchiec-
tasis, with an incidence rate that varies between 9.1 and 17%

[7]. Changes in diversity and composition of lung
microbiome, partly resulting from recurrent pulmonary infec-
tions and chronic inflammatory processes, may play a key role
in bronchiectasis formation [9]. Interestingly, one of our pa-
tients presented with digital clubbing, a feature already de-
scribed in LRBA-deficient patients, with an incidence rate of
26% in one study [2] and 65% in another [6].

Non-infectious, immune-mediated pulmonary manifesta-
tions were found in several of our patients. This includes
ILD, GGOs, and lung nodules. Of the 22 LRBA-deficient
patients reported in one study, 38% presented with
granulomatous-lymphocytic ILD (GLILD) [13]. Lower rates
of 6 and 18% were noted in other studies [2, 6]. GLILD was
previously reported in common variable immunodeficiency
disorder (CVID) [17, 21, 26], with immune complexes and
switched memory B cells suggested to be involved in patho-
genesis [21].

LRBA deficiency belongs to PID characterized by regula-
tory T cells (Treg) dysfunction. This group includes diseases
such as immune dysregulation, polyendocrinopathy, enterop-
athy, X-linked (IPEX) syndrome, cytotoxic T lymphocyte
antigen-4 (CTLA-4) deficiency, and signal transducer and ac-
tivator of transcription (STAT)1 gain of function (GOF) [28].
In these conditions, pulmonary disease occurs not only sec-
ondary to infection, but also due to the autoimmune sequelae
of Treg dysfunction (ILD, granuloma, fibrosis). For example,
GLILDwas reported in patients with CTLA-4 deficiency [24],
bronchiectasis in STAT1 GOF mutation [10], and acute respi-
ratory distress syndrome in IPEX syndrome [8]. In such con-
ditions, pulmonary manifestations are likely to be improved
by general measures such as IVIG replacement, anti-microbial
and immunosuppressive therapy, and also targeted therapy if it
exists for the specific deficiency, as in the case of abatacept for
LRBA and CTLA4 deficiency [18].

Another key finding in our study is thoracic lymphadenop-
athy, as evident in CT scans of 50% of our patients.
Autoimmune lymphoproliferative syndrome-like presentation
of LRBA deficiency was previously reported in four of our
patients [13, 22].

The pulmonary functions the patients performed did not
reveal an obstructive or restrictive disease and thus show no
evidence of airway or interstitial lung disease. This is consis-
tent with the finding of mostly infectious pulmonary diseases.
However, interpretation was compounded by poor technique
and effort in the majority of patients.

An important retrospective multicenter study examined the
pulmonary monitoring of 178 pediatric PID patients receiving
IVIG treatment and found a significant variation between dif-
ferent European centers. Lack of international guidelines and
standardization of biomarkers for disease progression were
noted as possible reasons [15]. Pulmonary workup and mon-
itoring in our 10 LRBA patients were clinically guided, as no
such consensus guidelines are available.
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Of the 10 patients in our study, 6 required treatment and the
remaining are under surveillance alone. Treatment was largely
composed of immunosuppression. GCS and rapamycin
achieved and maintained clinical remission in most cases.
MMF was used to taper down GCS treatment in three patients
with partial clinical response. Treatment of one patient with
abatacept, a CTLA4-Ig fusion agent, was found to be effective
in ameliorating pulmonary symptoms and findings in CT, as
previously published [18].

Our experience with HSCT in LRBA deficiency is limited
with two patients. Prior studies reported successful treatment
with allogeneic HSCT with an overall survival rate of 67%
[25]. As reported, autoimmune phenomena in LRBA deficien-
cy have been shown to improve following HSCT [23, 27].

Our study has few limitations. It is small sized and
retrospective, although all reported cohorts of LRBA-
deficient patients are small [5, 13, 22]. The largest cohort
summarized so far to the best of our knowledge consisted
of 31 patients [2]. Despite these limitations, we have dem-
onstrated that even young children with LRBA deficiency
often suffer respiratory symptoms and pulmonary chang-
es. The oldest patient in our study, at 25 years old, dem-
onstrates the potential prognosis of essentially untreated
long-term LRBA lung disease: chronic productive cough,
bullous changes, lung nodules, ILD, and pulmonary
lymphadenopathy. Therefore, based on the clinical presen-
tation and high rate of pulmonary complications in these
patients, we would suggest a baseline CT scan for all
newly diagnosed patients.

In conclusion, clinical characteristics of LRBA deficiency
often include different pulmonary manifestations, such as re-
spiratory tract infections, bronchiectasis, and ILD, which must
be investigated, monitored, and treated from a young age.
Awareness of pulmonary morbidity in these patients and in-
volvement of a pulmonologist in the workup and clinical
decision-making are keys to effective treatment.
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