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at room air, pulse rate of 82/min and blood pressure of 
126/78 mmHg. On physical examination, auscultation of 
the lungs revealed no abnormalities. Cardiovascular and 
other systems examination also revealed no abnormalities. 
Her chest X‑ray revealed bilateral diffuse fine micronodules 
in the mid and lower zones of the lungs. High‑resolution 
computed tomography  (HRCT) of the thorax revealed 
bilateral diffuse micro‑calcification within the lung 
parenchyma and pericardium [Figures 1 a and b and 2]. 
Fiberoptic bronchoscopy, bronchoalveolar lavage  (BAL) 
and transbronchial lung biopsy were done. GeneXpert test 
of BAL fluid showed the presence of the Mycobacterium 

CASE

A 45‑year‑old female patient, a resident of Shimla, Himachal 
Pradesh, presented to Indira Gandhi Medical College, 
Shimla, India, with a history of shortness of breath for 
the last 3 years, which is persistent and progressive. She 
feels breathless on climbing four flights of stairs. She 
also complains of fatigue on walking uphill. She also 
had a history of cough, which is dry in nature. For the 
last 4 months, she had a low‑grade fever (990F) and loss 
of appetite. She has no underlying comorbidities. She is 
a non‑smoker and has a history of exposure to biomass 
fuel smoke. She has no cyanosis or pedal oedema. Her 
vitals parameters included an oxygen saturation of 95% 

Case Report

Pulmonary alveolar microlithiasis (PAM) is a rare autosomal recessive disease characterised by the deposition of calcium 
phosphate microliths in the alveoli. PAM has been reported in all continents and there is often a familial history. There is 
clinical‑radiological dissociation as there is often a paucity of symptoms in contrast to the imaging findings. Patients often 
remain asymptomatic until the third or fourth decade of life, and dyspnea is the most common symptom. PAM is caused 
by a mutation within the solute carrier family 34 member 2 gene (the SLC34A2 gene) located on chromosome 4p15.2, 
which encodes a sodium/phosphate co‑transporter. The imaging appearance of the disease is quite pathognomic with 
the high‑resolution computed tomography (HRCT) demonstrating a diffuse micronodular appearance. Transbronchial 
lung biopsy also confirms the diagnosis. There is no effective therapy at present except lung transplantation. We herein, 
present a case of PAM along with clinical history, imaging study, histopathological study and genetic study of a 43‑year‑old 
female adult patient along with genetic analysis.
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tuberculosis complex. The transbronchial lung biopsy 
revealed numerous lamellated calcified structures within 
alveolar spaces consistent with the diagnosis of pulmonary 
microlithiasis  [Figure  3]. Whole exome sequencing 
revealed a novel homozygous variant c.T1136C (p.L380P) 
in the SLC34A2 gene responsible for pulmonary alveolar 
microlithiasis (PAM). The variant was classified as a likely 
pathogenic variant based on the American College of Medical 
Genetics and Genomics (ACMG)/ Association for Molecular 
Pathology (AMP)  guidelines. The genomic study of the 
patient’s brother, son and daughter revealed the presence 
of the same mutation (heterozygous). She was treated with 
a full course of anti‑tuberculous therapy (2RHZE/4RHE).

DISCUSSION

PAM is a rare hereditary lung disease characterised by the 
deposition of calcium phosphate microliths (calcospherites) 
within the alveolar spaces. PAM was first described in 
the literature by an Italian scientist, Marco Malpighi;[1] 
however, the disease was named ‘Microlithiasis Alveolaris 
Pulmonum’ by the Hungarian pathologist Ludwig Puhr in 
1933.[2] Castellana et al.[3] published the largest survey of 
literature on PAM including 1,022 cases from 65 nations. 
They observed a familial link in 37% of patients. Although 
there is an overall male preponderance, cases from Italy, 
Spain and France had shown a female preponderance.[3] 
The majority of cases are diagnosed at the age of 30–
40  years. PAM is caused by an inactivating mutation 
of the SCL34A2 gene. The SCL34A2 gene is located on 
chromosome 4p15.2. It has 13 exons and encodes a 2,280‑nt 
mRNA and a 690‑aa protein. The main function of the 
gene is maintaining homeostasis of inorganic phosphate 
via sodium phosphate IIb transporter protein  (Npt2b 
transporter).[4] Npt2b transporter clears phosphate from 
alveolar spaces into type  II pulmonary alveolar cells in 
the presence of sodium ions at a ratio of 3Na + 1:1HPO4

‑2.[5] 
The mutated SLC34A2 gene fails to clear phosphates from 
the alveolar space, resulting in a gradual accumulation of 
intra‑alveolar calcium microliths. To further support the 
role of the Npt2b transporter, Saito et  al.[4] observed in 
a mouse model that epithelial deletion of Npt2b results 
in a progressive pulmonary process characterised by 

diffuse alveolar microlith accumulation, radiographic 
opacification, restrictive physiology, inflammation, 
fibrosis and unexpected alveolar phospholipidosis. They 
also confirmed the potential therapeutic role of ethylene 
diamine tetraacetic acid (EDTA) lavage and a low phosphate 
diet. The SLC34A2 gene is expressed predominantly in 
type II alveolar epithelial cells. However, is also expressed 
in other organs such as mammary glands, the small 
intestine, kidneys, pancreas, ovaries, liver, testes, placenta 
and prostate.[6] Corut et  al.[7] six homozygous exonic 
mutations in the seven unrelated patients with PAM. The 
types of mutations were the following; frameshifts (three), 
chain termination  (one), amino acid substitution  (one) 
and deletion spanning the minimal promoter and the first 
exon (one). They reported PAM as a recessive monogenic 
disease with full penetrance. There are also reports of 
variant localisation with a particular geographical area. 
Variants in exon 8 have been reported from China and 
Japan,[4] whereas, variant c. 1402_1404delACC in exon 
12 has been reported in patients from Europe only.[8] Like 
many other rare autosomal recessive disorders, PAM is 
associated with consanguinity and consanguinity was 
always reported during vertical transmission.[3]

Patients with PAM typically show an indolent course. 
The majority of patients are asymptomatic at the time of 
diagnosis and they usually manifest in the third and fourth 
decades of life. With disease progression, patients develop 
exertional dyspnoea. Other symptoms are non‑productive 
cough, chest pain and asthenia.[9] The majority of patients 
show a variable progression of the disease, although a 
few may remain stationary.[3] Patients with advanced 
disease may develop persistent hypoxemia, pulmonary 
fibrosis, respiratory failure and cor pulmonale.[10] Clinical–
radiological dissociation is often seen and characterised 
by a paucity of physical signs/symptoms and extensive 
radiological involvement. Digital clubbing is seen in the 
advanced stages of the disease. Smoking and infection may 
accelerate disease progression.[7]

Figure  2: HRCT thorax  (lung window, coronal view) showing 
innumerable calcified nodules within the lung parenchyma involving 
the alveoli and interlobular septa

Figure  1:  (a and b) HRCT thorax  (mediastinal window, coronal 
view) showing pericardial calcification and calcification over the 
diaphragmatic pleura
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Diagnosis
Despite the calcium phosphate microliths deposition 
within the alveolar spaces, serum calcium and phosphates 
levels are normal and no evidence of any systemic disorder 
of calcium metabolism has been detected.[11,12] Surfactant 
protein (SP)‑D, SP‑A and monocyte chemotactic protein 
1 (MCP‑1) may be used as a biomarker in patients with 
PAM; however, their availability would be an issue. 
The pulmonary function tests  (PFTs) typically show a 
restrictive defect with a reduction in diffusion capacity 
for carbon monoxide although it may be normal in early 
disease. Similar to other chronic diffuse lung diseases, 
they may demonstrate reduced exercise capacity and 
exercise‑induced desaturation on 6‑min walk testing.

PAM is diagnosed confidently by the characteristic imaging 
pattern and genetic testing showing the rare biallelic SCL34A2 
gene variants.[13] If genetic testing is unavailable or negative, 
bronchoscopy‑guided procedures such as bronchoalveolar 
lavage (BAL), transbronchial biopsy and open lung biopsy can 
be performed to confirm the diagnosis of PAM. The diagnostic 
yield with transbronchial cryobiopsies and surgical lung 
biopsies are higher with a higher risk of complications.[14] BAL 
and transbronchial biopsy may show microliths. Microliths 
show distinct calcareous concentric lamellae around a central 
nucleus with an amorphous or granular aspect on periodic 
acid–Schiff staining. The microliths have a diameter of 0.01 
to 2.8 mm.[9] Microliths are mainly composed of calcium 
and phosphorus (phosphorus:calcium ratio of 1:2),[15] with 
varying amounts of iron, zinc, aluminium, silica, magnesium, 
potassium and copper.[9]

In the Castellana et  al.’s[3] review of 1,022 PAM cases 
globally, tuberculosis was the comorbidity reported in five 
cases. The high prevalence of tuberculosis can explain this 
association in developing countries.

Imaging study
Chest  radiography shows a diffuse distribution of 
innumerable, small, sand‑like micronodules  (also called 

microliths, calcipherites or calcospherites and <1 mm in 
diameter), within the air spaces, particularly in the lower 
parts of the lungs. This appearance is called ‘Sand‑storm 
lung’. A few micronodules may be of bigger size (2–4 mm). 
Micronodules may obscure the mediastinal and diaphragmatic 
borders in the advanced stage. It preferentially involves the 
middle and lower zones due to greater blood supply.[16] 
HRCT should be the preferred modality as it detects minute 
parenchymal abnormalities.[17] HRCT features commonly 
seen are calcified pulmonary nodules, diffuse ground‑glass 
opacity, sub pleural cysts and consolidation. Calcifications 
may also occur along the interlobular septa, bronchovascular 
bundles, fissures and pleura. Francisco et al.[18] reported 
ground glass opacities  (GGO) and small parenchymal 
nodules as the predominant tomographic findings, present 
in 100% of cases. Other findings were small subpleural 
nodules  (92.3%), sub pleural cysts  (84.6%), sub pleural 
linear calcifications (69.2%), crazy‑paving pattern (69.2%), 
fissure nodularity (53.8%), calcification along interlobular 
septa (46.2%) and dense consolidation (46.2%). The mosaic 
pattern has also been reported in the literature.[19] Marchiori 
et al.[20] reported a mosaic pattern in 40% of patients. Another 
characteristic imaging pattern is the black pleural line. It is a 
vertical stripe of peripheral hyperlucency between the ribs 
and the adjacent diffusely dense calcified lung parenchyma 
and is caused by subpleural cystic changes.

Treatment
There is no specific therapy for PAM and the management 
is mainly supportive. Therapy with corticosteroids, 
calcium‑binding agents and whole‑lung lavage has been 
tried and has shown no benefit. Supplemental oxygen 
may be advised in hypoxemic patients. All PAM patients 
should be advised of influenza and pneumococcal 
vaccination. In advanced disease, lung transplantation is 
the only effective therapy and bilateral lung transplant is 
preferred to unilateral lung transplantation as persistent 
shunting of blood through the lung may cause persistent 
intrapulmonary shunts.[21] Jackson et al.[22] in single lung 
transplantation for PAM patients reported post‑lung 
transplantation survival without recurrence for 15 years. 
Bisphosphonates such as etidronate decrease bone 
resorption by inhibiting osteoclastogenesis.[23] Moreover, 
etidronate interferes with phosphate incorporation 
into hydroxyapatite, culminating in reduced crystal 
formation.[24] The response to etidronate treatment has 
shown variable results.[25] Saito et  al.[4] had shown a 
beneficial effect of a low‑phosphate diet in mice with 
epithelial deletion of Npt2b as the reduced formation of 
microliths but human studies are lacking.
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Figure 3: Laminated calcified bodies inside alveolar spaces on H and E 
staining
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