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Abstract

BACKGROUND

Pulmonary alveolar proteinosis (PAP) and X-linked agammaglobulinemia (XLA) are
rare diseases in children. Many theories infer that immunodeficiency can induce PAP,
but these reports are almost all review articles, and there is little clinical evidence. We

report the case of a child with both PAP and XLA.

CASE SUMMARY

A 4-month-old boy sought medical treatmentdue to coughing and difficulty in
breathing for > 2 wk. He had been hospitalized multiple times due to respiratory
infections and diarrhea. Chest computed tomography and alveolar lavage fluid showed
typical PAP-related manifestations. Genetic testing confirmed that the boy also had
XLA. Following total lung alveolar lavage and intravenous immunoglobulin
replacement therapy, the boy recovered and was discharged. During the follow-up
period, the number of respiratory infections was significantly reduced, and PAP did not

recur.

CONCLUSION
XLA can induce PAP and improving immune function contributes to the prognosis of

children with this type of PAP.
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Core Tip: Pulmonary alveolar proteinosis (PAP) and X-linked agammaglobulinemia

(XLA) are both rare diseases in children. This article shares the diagnosis and treatment
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process of a special case to confirm that XLA was a secondary cause of PAP which

improved with intravenous immunoglobulin treatment.

INTRODUCTION

Pulmonary alveolar proteinosis (PAP) and X-linked agammaglobulinemia (XLA) are
rare diseases in children. Many studies have suggested that immunodeficiency can
induce PAP. However, only two cases of PAP induced by immune deficiency have been
reported’-3l, and the remaining studies are almost all review articles. Therefore, more
clinical data are needed to prove the correlation between PAP and immunodeficiency.

XLA is an X-linked recessive genetic disease. This is due to a defect in Bruton’s
tyrosine kinase (BTK). The differentiation of primitive B lymphocytes to mature B
lymphocytes is impaired. There is a lack of B lymphocytes and plasma cells in the
peripheral blood, and this leads to insufficient immunoglobulin synthesis. Therefore,
children with XLA are prone to repeated bacterial infections and autoimmune
diseasesl4>l.

According to the etiology, PAP can be divided into congenital, acquired and
idiopathic PAPI®l. Congenital PAP is an autosomal recessive disorder. It is caused by a
defect in the surface-active substance protein or the gene encoding granulocyte-
macrophage colony-stimulating factor (GM-CSF)/3l. Idiopathic PAP is caused by a
large amount of GM-CSF self-neutralizing antibodies in the body, which block the
function of GM-CSF. Therefore, the function of alveolar macrophages is severely
affected, resulting in decreased alveolar surfactant clearancel’l. The pathogenesis of
acquired PAP is unclear. It is currently believed to be related to various autoimmune,

infectious, malignant and environmental etiologies!!?l.

CASE PRESENTATION

Chief complaints
The 4-month-old male patient had an acute cough, expectoration and difficulty

breathing for > 10 d.
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History of present illness
The child developed paroxysmal cough and phlegm 2 wk previously, along with
difficulty breathing, runny nose, diarrhea, and cyanosis around the mouth. The

symptoms did not improve after receiving penicillin infusion at the local hospital.

History of past illness

The child is gravida 2 para 2 and was a full-term birth. The birth process was smooth,
with no asphyxia or respiratory distress. His birth weight was ~3 kg. He has suffered
pneumonia and diarrhea many times since birth. However, no abnormalities were

found on chest imaging except for pulmonary infection.

Personal and family history

There was no other relevant personal or family history.

Physical examination

The patient’s body temperature was 36.5°C, heart rate 136 bpm, respiratory rate 62
breaths /min, fingertip oxygen saturation (SpO2) 86%, and body weight 7.2 kg. Upon
examination, his lips were cyanotic, no swollen superficial lymph nodes were noted
throughout the body, respiratory sounds in both lungs were rough, and fine moist rales
were heard in both lungs. Physical examination of the heart, abdomen and nervous

system did not reveal any abnormalities.

Laboratory examinations

Blood tests revealed that his erythrocyte sedimentation rate, liver and kidney function,
and C-reactive protein level were normal. The myocardial enzyme spectrum was
normal except for lactate dehydrogenase (704 1I/L). Humoral immunity showed the
following: Ig 14.0 g/L, 1gG 0.93 g/L, IgM 0.29 g/L, IgA 0.0 g/L, complement C3 0.40
g/L, complement C4 0.11 g/L, and total IgE 1 U/mL. Lymphocyte subpopulation
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determination was as follows: CD3* 95.49%, CD3+*CD4* 65.58%, CD16*CD56* 3.58% and
CD19+* 0.03%. No pathogens were found in blood and sputum tests.

His bronchoalveolar lavage fluid was milky white and Periodic acid-Schiff staining
was positive (Figure 1). Genetic testing [whole exome sequencing revealed that the BTK
gene (located at chrX:100608340) had a hemizygous mutation (c.1751-1g>A)]. Thus, he
was diagnosed with&AP and XLA. Genetic testing did not find gene mutations related
to PAPI [such as surfactant protein B, surfactant protein C, ATP-binding cassette
subfamily A member 3 (ABCA3), Nkx homeobox-1 gene (NKX2-1), and granulocyte-
monocyte colony stimulating factor receptor genes]. No respiratory pathogens were

detected in blood, sputum and alveolar lavage fluid.

Imaging examinations

Chest spiral computed tomography plain scan showed a significant decrease in the
transparency of both lungs, with ground glass or butterfly-shaped changes in both
lungs, and a large bubble in the upper lobe of the right lung (Figure 1). Tracheoscopy

revealed that his alveolar lavage fluid was pale milky white.

FINAL DIAGNOSIS
PAP and XLA.

TREATMENT
The patient received ceftriaxone, total lung lavage, and infusion of intravenous

immunoglobulin (IVIG).

OUTCOME AND FOLLOW-UP

After discharge, the patient received regular IVIG replacement therapy. During 1 year
of follow-up, his respiratory tract infection frequency significantly decreased, and all
were mild infections. He did not exhibit symptoms of PAP such as excessive phlegm or

difficulty breathing, and there were no special features on chest imaging. Therefore, the
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child has not yet undergone a second bronchoscopy examination.

DISCUSSION

Current studies suggest that PAP is related to a decrease in macrophage clearance. The
Toll-like receptor (TLR) pathway is an important signal pathway regulating the
function of macrophages. BTK is an important regulatory molecule in the TLR pathway,
which is involved in the regulation of cytokine production, phagocytosis, differentiation
and the function of macrophages after TLR activation[!112l. Therefore, XLA may directly
induce PAP. At the same time, XLA children can be prone to repeated pulmonary
infections, leading to PAP. Based on the above theory, we believe that XLA is one of the
potential causes of PAP. Therefore, improving immune function may benefit the
prognosis of children with PAP caused by immunodeficiency.

The child in this report had a history of multiple respiratory infections and
diarrhea. Based on his genetic examination, chest imaging, and alveolar lavage fluid
examination, he met the diagnostic criteria for PAP and XLA. In addition, his laboratory
test results did not find GM-CSF autoantibodies, and genetic testing did not identify
gene mutations related to PAP[2 (such as surfactant protein B, surfactant protein C,
ABCA3, NKX2-1, and GM-CSF receptor genes). No respiratory pathogens were
detected in blood, sputum and alveolar lavage fluid. His mother, brother, father and
neighbors did not have PAP-related symptoms. Moreover, his residence was free from
industrial pollution. Based on a previous analysis of the etiology of PAP, this patient’s
PAP was considered to be secondary to immunodeficiency.

At present, the most effective treatment for PAP is massive whole lung lavagel'3l.
Large volume whole lung lavage can directly remove the protein-like substances
deposited in the alveoli, reduce macrophage inhibitory factors in the alveoli and distal
bronchioles, improve the function of alveolar macrophages, and thus improve lung
ventilation and function. However, for acquired PAP, we believe that the treatment of
primary disease might be equally important. Tanaka-Kubota et all3! studied children

with PAP secondary to immunosuppression. In their study, the children only received
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lung lavage at the beginning, and the children’s PAP symptoms improved, but soon
relapsed. After cell transplantation, long-term relief of the symptoms of PAP was
achieved. All cases (our report and Tanaka-Kubota’s studies) suggest that XLA was a

secondary cause of PAP which improved with IVIG treatment.

CONCLUSION
We describe a child with XLA and PAP. It is suggested that XLA may cause PAP, and

immunotherapy was helpful in improving the prognosis of this child with PAP

acquired due to immunodeficiency.
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