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ABSTRACT  Granulomatous lung diseases are a heterogeneous group of disorders that have a wide
spectrum of pathologies with variable clinical manifestations and outcomes. Precise clinical evaluation,
laboratory testing, pulmonary function testing, radiological imaging including high-resolution computed
tomography and often histopathological assessment contribute to make a confident diagnosis of
granulomatous lung diseases. Differential diagnosis is challenging, and includes both infectious
(mycobacteria and fungi) and noninfectious lung diseases (sarcoidosis, necrotising sarcoid granulomatosis,
hypersensitivity pneumonitis, hot tub lung, berylliosis, granulomatosis with polyangiitis, eosinophilic
granulomatosis with polyangiitis, rheumatoid nodules, talc granulomatosis, Langerhans cell histiocytosis
and bronchocentric ~granulomatosis). Bronchoalveolar lavage, endobronchial ultrasound-guided
transbronchial needle aspiration, transbronchial cryobiopsy, positron emission tomography and genetic
evaluation are potential candidates to improve the diagnostic accuracy for granulomatous lung diseases. As
granuloma alone is a nonspecific histopathological finding, the multidisciplinary approach is important for
a confident diagnosis.
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Introduction

The term granulomatous lung disease does not refer to a specific disease entity, but to a wide spectrum of
pathologies with variable clinical manifestations and outcomes. Both infectious and noninfectious diseases
can be associated with granuloma formation. Careful clinical evaluation, laboratory testing, pulmonary
function testing and radiological imaging including high-resolution computed tomography (HRCT) are
crucial steps in the diagnostic approach to granulomatous lung diseases. In most cases, lung biopsy with
expert pathological examination of lung tissue specimens is necessary.

This review focuses on novel procedures and recent advances in the differential diagnosis of
granulomatous lung diseases.

Definition of granuloma

A granuloma is a focal aggregation of inflammatory cells, activated macrophages (epithelioid histiocytes),
Langhans giant cells and lymphocytes. Epithelioid histiocytes have ill-defined cell borders and elongated
nuclei, which are different from the well-defined cell borders and round nuclei observed in ordinary
histiocytes. The presence of necrosis, lymphocytes, plasma cells or multinucleated giant cells is not
essential for granuloma formation [1]. Caseation necrosis is defined as a region in granulomas with
eosinophilic, granular and cheese-like cellular debris with necrosis.

Basic diagnostic procedure and difficulties

The differential diagnoses of granulomatous lung disease are listed in table 1. As histological abnormality
alone is rarely diagnostic for a specific granulomatous disorder, the diagnostic procedure should focus on
precise clinical evaluation, laboratory testing, detection of infectious organisms and radiological evaluation.
The small size of tissue samples obtained by transbronchial lung biopsy (TBLB), together with high
interobserver variability among pathologists, complicates the interpretation of histopathology. Surgical lung
biopsy can provide larger tissue samples compared with TBLB.

As infection is a common cause of pulmonary granulomas, it is always important to exclude infectious
lung diseases. The most frequently found organisms in pulmonary granulomas are mycobacteria and
fungi. Although infectious lung diseases can show both necrotising and nonnecrotising granulomas,
necrotising granulomas are more likely to be associated with infectious lung diseases [2]. Clinicians should
note that tuberculosis (TB) may also show nonnecrotising granulomas, depending on the immune status
of the patient.

TABLE 1 Differential diagnosis of granulomatous lung diseases

Infectious lung diseases

Mycobacteria Tuberculosis and nontuberculous mycobacteriosis

Fungal infection Cryptococcus, Coccidioides, Histoplasma, Blastomyces and Aspergillus
Aspiration pneumonia

Others Syphilis, Hansen's disease (leprosy), tularaemia, cat scratch disease,

parasitic infections and Whipple's disease
Noninfectious lung diseases
Inflammatory Sarcoidosis
Necrotising sarcoid granulomatosis
Bronchocentric granulomatosis
Inflammatory bowel disease
Exposure/toxins Hypersensitivity pneumonitis
Drugs (methotrexate, interferon, Bacillus Calmette-Guérin, infliximab,
etanercept, leflunomide, mesalamine and sirolimus)
Hot tub lung
Berylliosis
Talc
Metals (aluminium and zirconium)
Foreign body reaction

Vasculitis Granulomatosis with polyangiitis
Eosinophilic granulomatosis with polyangiitis
Autoimmune diseases Rheumatoid nodule
Malignancy Sarcoid-Llike lesions
Lymphomatoid granulomatosis
Others Pulmonary Langerhans cell histiocytosis

Granulomatous-lymphocytic interstitial lung disease
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The histochemical stains commonly used for the pathological evaluation of infective organisms are the
Grocott methenamine silver (GMS) stain for fungi and the Ziehl-Neelsen stain for mycobacteria. The
periodic acid-Schiff (PAS) stain is also a useful histochemical stain for fungi. The PAS stain can detect the
cell walls of living fungi, whereas the GMS stain detects the cell walls of both living and dead fungal
organisms [3]. Auramine-rhodamine fluorescence shows greater sensitivity than Ziehl-Neelsen staining,
although specificity is lower (auramine-rhodamine: sensitivity 80% and specificity 84%; Ziehl-Neelsen:
sensitivity 60% and specificity 98%) [4].

When mycobacteria are identified, the next step is to differentiate tuberculous mycobacteria from
nontuberculous mycobacteria (NTM). However, tuberculous mycobacteria and NTM are morphologically
similar and often undistinguishable. Currently, the only definitive methods for differentiating mycobacteria
are microbiological culture and PCR. Mycobacteria can grow in culture even when specific staining yields
negative results. If microbiological culture is not available, PCR is the only method for differentiating the
organisms.

Infectious lung diseases

Tuberculosis

Initiation of a diagnostic evaluation for TB is usually based on a suspicion of TB from epidemiological,
clinical and radiographic findings. In general, prolonged cough, lymphadenopathy, fevers, night sweats and
weight loss are suggestive of TB, but are nonspecific. Typical radiological findings for TB include focal
infiltration of the upper lobe(s), cavitation, tissue destruction, fibrosis with traction bronchiectasis,
enlargement of hilar/mediastinal lymph nodes, small nodular lesions and pleural effusions. Detection of
Mycobacterium tuberculosis in sputum, bronchoscopy specimens, gastric secretions or pleural fluid is
necessary for a confident diagnosis. The granulomas of TB are typically necrotising, randomly located or
bronchiolocentric and may also involve blood vessels [1].

TB-PCR using endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) samples
is a novel technique in the differential diagnosis of intrathoracic granulomatous lymphadenopathy [5].
Sensitivity, specificity, positive predictive value, negative predictive value and diagnostic accuracy for TB
were found to be 56%, 100%, 100%, 81% and 85%, respectively [5]. Heterogeneous echotexture in the
EBUS feature (53% versus 13%; p<0.001) and coagulation necrosis signs (26% versus 3%; p<0.001) in
specimens obtained by EBUS-TBNA are suggestive of TB rather than sarcoidosis [6].

The Xpert MTB/RIF assay is a novel semi-automated hemi-nested nucleic acid amplification test that can
simultaneously identify M. tuberculosis and rifampicin resistance within 2 h [7-10]. Duooria et al. [11]
investigated the role of Xpert MTB/RIF combined with EBUS-TBNA in differentiating TB from
sarcoidosis in 147 patients with mediastinal lymphadenopathy. Xpert MTB/RIF was positive in 26 (49%)
patients with TB and two (2%) patients with sarcoidosis. Xpert MTB/RIF showed good specificity (98%)
and positive predictive value (93%) in the diagnosis of TB. Accordingly, Xpert MTB/RIF combined with
EBUS-TBNA has the potential to become a novel tool to supplement smear microscopy for rapid
diagnosis in patients with suspected TB.

Nontuberculous mycobacteriosis

NTM are mycobacterial species other than those belonging to the M. tuberculosis complex. More than 140
NTM species have been identified to date. NTM cause a wide range of organ involvement, with
pulmonary infections being the most frequent (65-90%) [12]. Pulmonary lesions of NTM are caused
primarily by Mycobacterium avium complex (90%) and Mycobacterium kansasii (10%). Traditionally,
NTM infection in the lung was thought to be associated with immunodeficiency or pre-existing lung
disease, such as chronic obstructive pulmonary disease or cystic fibrosis. However, it is now recognised
that NTM infection in the lung also occurs in immunocompetent patients without pre-existing lung
disease [13]. A radiological manifestation of right middle lobe or lingular infiltrates is typical in elderly
women without predisposing lung disease [14]. In immunocompromised patients, NTM infection is
characterised by mycobacteria-containing foamy histiocytes, poorly formed granulomas or absence of an
appropriate inflammatory response [15]. In immunocompetent patients, however, NTM infection
demonstrates a wide variety of histological findings, including inflammation and both necrotising and
nonnecrotising peribronchiolar granulomas [16]. The histological appearance of NTM alone is
indistinguishable from that of TB. Exposure to aerosolised NTM can cause a hypersensitivity
pneumonitis-like disease known as “hot tub lung” (as discussed in a later section).

Fungal granuloma
In immunocompetent patients, exposure to a small amount of fungus leads to asymptomatic infection.
However, exposure to a large amount of fungus may lead to an acute flu-like or pneumonia-like disease
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(e.g. Coccidioides, Histoplasma and Blastomyces). The clinical manifestation of these infections resembles
influenza or community-acquired pneumonia. Diagnosis of fungal infection is made predominantly
by serological rather than histological examination [17]. Occasionally, fungal organisms persist in
a well-formed, necrotising granuloma, similar to TB (e.g. Cryptococcus, Coccidioides and Histoplasma)
[18, 19]. Fungal infection occasionally progresses, resulting in chronic fungal lung disease. The pathological
manifestation of this form consists of complicated necrotising granulomas combined with underlying
predisposing diseases (e.g. emphysema and cavities). In immunocompromised patients, fungal infections
may present as a disseminated form, with poorly formed granulomas and widespread lesions [20].
This form of disease often involves the lymphohaematopoietic system and the lungs.

Noninfectious lung diseases

Sarcoidosis

General diagnostic procedure

Sarcoidosis is a systemic granulomatous disease with a heterogeneous clinical manifestation. Although
pulmonary involvement is typically predominant, other organs can also be involved and about half of
patients are asymptomatic. The diagnosis of sarcoidosis can be made by fulfilling the following criteria:
1) a compatible clinical and/or radiological abnormality, 2) histological confirmation of noncaseating
granulomas, and 3) exclusion of other diseases capable of presenting similar histological and clinical
manifestations [21]. Typical histological findings of sarcoidosis are discrete, well-formed, interstitial
nonnecrotising epithelioid cell granulomas showing a lymphangitic distribution. Lymphocyte infiltration
and granulomas can be found in the pleura, interlobular septa and bronchovascular bundles. Although
noncaseating or nonnecrotising granulomas are the hallmark of sarcoidosis, discrete areas of fibrinoid
necrosis may be seen in the centre of some granulomas in cases of typical sarcoidosis. This type of
necrosis is distinguishable from caseation by the persistence of an intact reticulin pattern, as shown by
silver staining. The incidence of fibrinoid necrosis in sarcoidosis ranges from 6% to 35% [22-25], and may
be associated with prominent systemic symptoms (e.g. fever, erythema nodosum and arthralgia) and recent
onset of sarcoidosis. The lung tissue apart from the granulomas in sarcoidosis is normal, while
hypersensitivity pneumonitis shows significant interstitial inflammation even in areas apart from
granulomas. Granulomatous vasculitis may also be seen in sarcoidosis, which is not observed in
hypersensitivity pneumonitis [1].

A multidisciplinary approach including clinical, radiological and pathological evaluation is essential for an
accurate diagnosis [26].

Bronchoalveolar lavage

Bronchoalveolar lavage (BAL) is one of the minimally invasive and safest investigational tools for the
differential diagnosis of diffuse parenchymal lung diseases [27, 28]. The characteristic findings of BAL for
sarcoidosis include a normal or mildly elevated total cell count with lymphocytosis, a normal percentage
of eosinophils and neutrophils, and an absence of plasma cells and foamy alveolar macrophages [29, 30].
Active sarcoidosis tends to show higher lymphocyte counts than inactive sarcoidosis. However, BAL
findings may be normal in 10-15% of patients, despite disease activity. In late or advanced sarcoidosis,
neutrophils and mast cells can also be increased [31]. An increased neutrophil count in BAL may be
associated with an unfavourable outcome in newly diagnosed patients with sarcoidosis [32, 33]. The
importance of the CD4"/CD8" ratio for diagnosing sarcoidosis is controversial. A CD4"/CD8" ratio >3.5
indicates the presence of sarcoidosis with a high specificity of 93-96%, although the sensitivity is low,
ranging from 53% to 59% [34, 35]. The CD4"/CD8" ratio is frequently high in patients with Lofgren’s
syndrome and acute sarcoidosis, whereas the ratio is usually within the normal range in inactive
sarcoidosis.

OzpEMIR et al. [36] demonstrated that the BAL fluid (BALF) concentration of CD95 (Fas), an apoptotic
molecule, was significantly higher in patients with chronic sarcoidosis compared with those with
spontaneous remission. HErRON et al. [37] evaluated the utility of integrin CD103 expressed on CD4"
T-lymphocytes in BALF for the diagnosis in 56 patients with sarcoidosis. They demonstrated that the
combined use of the CD103* CD4"/CD4" ratio (<0.2) with either the BAL CD4"/CD8" ratio (>3) or the
relative BAL/peripheral blood CD4"/CD8" ratio (>2) could discriminate sarcoidosis from other interstitial
lung diseases with a sensitivity of 66% and a specificity of 89%.

Endobronchial ultrasound-guided transbronchial needle aspiration

TBLB is the traditional diagnostic procedure for the demonstration of granuloma in pulmonary
sarcoidosis, with a diagnostic accuracy ranging from 40% to 90% [38-40]. Endoscopic
ultrasonography-guided fine-needle aspiration (EUS-FNA) and EBUS-TBNA are safe and minimally
invasive techniques for obtaining granulomatous specimens [41]. Homogeneous low echotexture (88%)
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and the presence of a germinal central structure (71%) are the specific ultrasonographic findings in lymph
nodes of sarcoidosis [42]. Pathological characteristics for sarcoidosis include the lack of necrotic debris or
exudate [43]. In a recent meta-analysis including 14 studies, the diagnostic power of EBUS-TBNA for the
diagnosis of sarcoidosis was evaluated in consecutive patient populations with intrathoracic
lymphadenopathy, regardless of the suspected underlying aetiology [44]. The pooled diagnostic accuracy,
sensitivity and specificity were 79%, 84% and 100%, respectively, indicating a very good test performance
even in these unselected patient cohorts with a low overall prevalence of sarcoidosis of only 15%. However,
little is known about the diagnostic accuracy of EBUS-TBNA in patients with normal-sized lymph nodes.

Rapid on-site evaluation (ROSE) of biopsy specimens obtained by EBUS-TBNA could provide information
on the number of lymph nodes and passes that need to be undertaken. Puir et al. [45] demonstrated that
EBUS-TBNA with ROSE showed a sensitivity, specificity and positive predictive value of 88%, 91% and
98%, respectively, for the diagnosis of sarcoidosis. Interobserver agreement between cytotechnologists and
pathologists was good (xk=0.91). A recent study showed that ROSE is more important for conventional
TBNA than for EBUS-TBNA; when conventional TBNA was combined with ROSE, the diagnostic yield
increased significantly and reached a similar sensitivity as for EBUS-TBNA, whereas ROSE did not add to
the sensitivity of EBUS-TBNA alone (TBNA with ROSE 72%, EBUS-TBNA with ROSE 67%, EBUS-TBNA
alone 68% and TBNA alone 32%; p=0.04) [46].

Potential complications of pneumothorax and bleeding must be considered [47, 48]. A systematic review
including 190 studies with 16181 patients with suspected sarcoidosis demonstrated that the incidence of
serious adverse events was 0.14% and no mortality was observed. Serious adverse events were more
frequent with EUS-FNA than with EBUS-TBNA (0.30% versus 0.05%) [49].

Transbronchial cryobiopsy

Transbronchial cryobiopsy is a novel technique providing larger lung parenchymal specimens than
conventional TBLB [50]. The biopsies are obtained under fluoroscopic guidance using a flexible
bronchoscope inserted through a rigid tube into the selected bronchus. Particular attention is given to the
position of the biopsy: the cryoprobe is placed perpendicular to the chest wall to assure accurate evaluation
of the distance from the thoracic wall by fluoroscopy. A distance of ~10 mm from the thoracic wall is
considered optimal. The probes are cooled with carbon dioxide, which allows the temperature in the
probe’s tip to decrease to —75°C within several seconds [50].

Tomasserl et al. [51] demonstrated an increase in diagnostic confidence with the addition of
transbronchial cryobiopsy in multidisciplinary interstitial lung disease (ILD) diagnosis. They showed that
transbronchial cryobiopsy provided comparable results to surgical lung biopsy in the diagnosis of various
ILDs. However, their study did not assess the utility of transbronchial cryobiopsy for the diagnosis of
sarcoidosis, because only two patients with the final diagnosis of sarcoidosis were included and both were
in the surgical lung biopsy group. UssavarunGsI et al. [52] demonstrated that clinical, radiological and
histopathological findings from transbronchial cryobiopsy yielded a definite multidisciplinary diagnosis in
51% of patients with ILDs (38 out of 74 patients), including two patients with sarcoidosis. GRrirr et al. [53]
demonstrated that the diagnostic yield of transbronchial cryobiopsy was 83% in sarcoidosis (10 out of 12
patients). Basiak et al. [54] achieved a diagnostic yield of 95% in 41 ILD patients including six with
sarcoidosis with this technique. Based on these results, transbronchial cryobiopsy has potential as a novel
diagnostic tool for sarcoidosis.

Positron emission tomography

'8E-fluorodeoxyglucose (FDG)-positron emission tomography (PET) is widely used in the evaluation of
tumours, vasculitis and inflammatory diseases [55], and is more sensitive than gallium scanning [56, 57].
FDG-PET is likely to be useful for evaluating the extent of inflammatory activity in sarcoidosis in a subset
of patients with complicated disease course [58]. MostarD et al. [59] showed that positive PET uptake in
the lung was associated with HRCT severity and impaired pulmonary function. VORSELAARS et al. [60]
demonstrated that high maximum standardised uptake value of pulmonary parenchyma in FDG-PET at
baseline was associated with improvement in forced vital capacity, suggesting that evaluation by FDG-PET
at baseline is useful for therapeutic decision making in sarcoidosis. However, differentiation between
granulomatous inflammation and malignancy using FDG-PET/CT is still challenging because of the high
false-positive rate [61, 62].

1-3-'8F-fluoro-a-methyltyrosine (FMT), an amino acid analogue, is accumulated in tumour cells solely via
an amino acid transport system, suggesting its higher specificity for evaluating malignancy compared with
FDG. Kara et al. [63] demonstrated that the use of FMT-PET in combination with FDG-PET may be
useful to distinguish sarcoidosis from malignancy. In lung cancer, an increased uptake on FDG-PET was
seen in 94% of patients and on FMT-PET in 88% of patients, whereas sarcoidosis lesions were positive
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only on FDG-PET and always negative on FMT-PET. '*F-fluorothymidine (FLT) is a novel surrogate
marker for in vivo assessment of DNA synthesis. FLT has been used for imaging proliferation in several
malignant diseases [64]. The utility of FLT-PET for sarcoidosis is still controversial [65, 66].

Genetics

Genetic factors are likely to be associated with disease phenotype and outcome in sarcoidosis. GRUNEWALD
and ExLunp [67] demonstrated in 150 patients with an acute onset of sarcoidosis that ~99% of human
leukocyte antigen (HLA)-DRB1*0301/DQB1*0201-positive patients showed a spontaneous remission,
whereas only 55% of HLA-DRB1*0301/DQB1*0201-negative patients had a spontaneous remission. These
alleles seem to be excellent factors to predict prognosis in Lofgren’s syndrome. Lofgren’s syndrome and
non-Lofgren’s syndrome have different genetic susceptibilities and genomic distributions. A shared overlap
between these two phenotypes was limited to only 17 single nucleotide polymorphisms, including BTNL2
(butyrophilin-like 2) and HLA-DRA [68].

The BTNL2 gene polymorphism [69-71], HLA-DRB1*14 and HLA-DRBI1*12 [72] are independent risk
factors for sarcoidosis. A systematic review and meta-analysis demonstrated that BTNL2 G16071A gene
polymorphism was associated with susceptibility to granulomatous disease (A versus G: OR 1.25;
p=0.005) and particularly to sarcoidosis (A versus G: OR 1.52; p<0.001) [73]. The angiotensin-converting
enzyme D/D genotype was associated with an increased risk of sarcoidosis (OR 1.21, 95% CI 1.06-1.38;
I’=48%) [74]. However, there is still no routine application of genetic testing in the clinic for the
diagnosis or differential diagnosis of sarcoidosis.

Necrotising sarcoid granulomatosis

Necrotising sarcoid granulomatosis (NSG) is a rare granulomatous disease of the lung with associated
vasculitis. It is still controversial whether it is a discrete entity or a variant of nodular sarcoidosis. The
main features of NSG include 1) histologically sarcoid-like granuloma with vasculitis and necrosis,
2) radiologically multiple lung nodules without hilar lymphadenopathy, and 3) a benign clinical course.
The clinical symptoms of NSG are often nonspecific (e.g. fever, chest pain, weight loss, cough and
dyspnoea) and the radiological findings vary widely (e.g. bilateral nodules and masses, cavitation, and
pleural effusion). NSG does not usually affect extrapulmonary organs [75].

Typical pathological findings include large areas of parenchymal necrosis surrounded by sarcoid-like
granulomatous inflammation and granulomatous vasculitis out of proportion to the granulomatous
inflammation [76]. Necrosis in NSG is usually coagulative or caseous. Vasculitis is almost always
granulomatous, and involves both veins and arteries [75]. The diagnosis of NSG requires careful exclusion
of other similar diseases. Nodular sarcoidosis does not show such extensive vasculitis and diffuse
parenchymal necrosis [3]. Granulomatosis with polyangiitis (GPA) is not associated with sarcoid-like
nonnecrotising granulomas [3]. Granulomatous infections can be excluded by negative tests for causative
microorganisms. As false-negative microbiological results cannot be completely avoided despite the use of
the latest technologies, and granulomatous infections can also demonstrate vasculitis, necrosis and
sarcoid-like reaction, the exclusion of possible infections is especially important.

Bronchocentric granulomatosis

Bronchocentric granulomatosis is confined to the lungs and characterised by a destructive, granulomatous
inflammation of the bronchioles that might be associated with a nonspecific pathological response to
various forms of lung injury [77]. The incidence and prevalence of bronchocentric granulomatosis are still
unknown. Approximately half of all cases are associated with asthma or allergic bronchopulmonary
aspergillosis.

In such cases, typical findings include blood eosinophilia, elevated total serum IgE and IgE antibodies to
Aspergillus species [78]. Gram stain and culture of sputum sometimes show the presence of Aspergillus or
Candida species. As bronchocentric granulomatosis is part of a complex tissue response to fungal
colonisation in the airways, other associated tissue manifestations of hypersensitivity including mucoid
impaction of bronchi, eosinophilic bronchiolitis and eosinophilic pneumonia can also be observed.

Although radiographic findings of bronchocentric granulomatosis vary, single or multiple pulmonary
nodules and upper-lobe-predominant unilateral consolidation are relatively common [79]. Mass-like
lesions, alveolar infiltrates and reticulonodular infiltrates can also be found, whereas hilar adenopathy and
cavitation are infrequent [80]. One case report of FDG-PET demonstrated intermediate activity without
significant FDG uptake in bronchocentric granuloma [81].

Bronchocentric  granulomatosis is pathologically characterised by peribronchiolar necrotising
granulomatous inflammation [77]. Bronchioles are predominantly affected, compared with the larger
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airways. Granulomatous replacement of mucosa and submucosa by palisading, epithelioid and
multinucleated histiocytes is the characteristic finding of bronchocentric granulomatosis, which results in
the destruction of airway walls [78]. Affected airways may contain necrotic debris. A prominent
accompanying eosinophilic infiltrate is important in making the diagnosis. Mucoid impaction of the
bronchi is common in the more proximal larger bronchi. Nonspecific extension of the inflammatory
infiltrate to neighbouring arteries is frequent but a necrotising vasculitis is not present, in contrast to GPA
and eosinophilic GPA (EGPA).

A careful search for an underlying cause, including allergic bronchopulmonary aspergillosis, mycobacterial
and fungal infection, rheumatoid arthritis, GPA, and bronchogenic carcinoma, is necessary for the
accurate diagnosis of bronchocentric granulomatosis.

Inflammatory bowel disease

Inflammatory bowel diseases (IBDs) are characterised by nonnecrotising granulomas of the gastrointestinal
tract. Although extraintestinal manifestations occur in 21-36% of patients [82], pulmonary granulomatous
manifestations are extremely rare, occurring in <1% of patients [83]. Chronic bronchiolitis with
nonnecrotising granulomas without the lymphangitic pattern has been reported [84]. BAL may show a
lymphocytosis [27]. However, pathological and/or microscopic findings alone cannot discriminate
pulmonary involvement of IBD from other granulomatous lung diseases.

Hypersensitivity pneumonitis

General diagnostic procedure

Hypersensitivity pneumonitis, synonymous with extrinsic allergic alveolitis, is a complex syndrome
resulting from repeated exposure to a variety of antigenic particles found in the environment [85]. The
clinical manifestations have regional characteristics, e.g summer-type hypersensitivity pneumonitis is
limited to Japan. The causative particles for hypersensitivity pneumonitis show a wide variety with a size
of <5um, which include fungal (e.g. Aspergillus and Penicillium species), bacterial, protozoal, animal
(mostly bird) and insect proteins, and low-molecular-weight chemical compounds (e.g. isocyanates, zinc,
inks and dyes) [86]. Hypersensitivity pneumonitis presents as an acute, subacute or chronic clinical form
and overlap is possible. The clinical presentation of hypersensitivity pneumonitis is influenced by several
factors including the nature and the amount of inhaled antigen, the intensity and frequency of exposure,
and the host immune response, which is likely determined by a genetic background [85].

Although various diagnostic criteria have been proposed for hypersensitivity pneumonitis [87, 88], none
of these has been validated. Lacasse et al. [89] suggested a clinical prediction model for a diagnosis of
hypersensitivity pneumonitis (table 2). If all of the six predictors in this model are fulfilled, the
probability of having hypersensitivity pneumonitis is 98%. If none of the six predictors are present, the
probability is 0%. The histological triad of hypersensitivity pneumonitis includes peribronchiolar chronic
inflammation, poorly formed small interstitial nonnecrotising granulomas and foci of organising
pneumonia. Multinucleated giant cells are randomly scattered within the interstitial inflammation and/or
bronchiolar walls.

One of the pitfalls in the diagnosis of hypersensitivity pneumonitis is the effect of cigarette smoking.
Hypersensitivity pneumonitis is less frequent in smokers than in nonsmokers under the same exposure [90].
Cigarette smoking seems to be protective against the development of hypersensitivity pneumonitis.
Although the mechanisms of the protective effect of smoking for developing hypersensitivity pneumonitis
are poorly understood, certain immunological functions such as macrophage activation or lymphocyte
proliferation are impaired in the lungs of cigarette smokers [88].

TABLE 2 Predictors of hypersensitivity pneumonitis

Variable OR (95% CI)
Exposure to a known offending antigen 38.8 (11.6-129.6)
Positive precipitating antibodies 5.3 (2.7-10.4)
Recurrent episodes of symptoms 3.3 (1.5-7.5)
Inspiratory crackles 4.5(1.8-11.7)
Symptoms 4-8 h after exposure 7.2 (1.8-28.6)
Weight loss 2.0 (1.8-28.6)

Reproduced and modified from [89] with permission from the publisher.
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FIGURE 1 Chest high-resolution computed tomography (HRCT) of a-c] acute hypersensitivity pneumonitis and d-f] chronic hypersensitivity
pneumonitis. Chest HRCT of acute hypersensitivity pneumonitis shows bilateral ground-glass densities with centrilobular micronodular
accentuation and minor consolidation. Chest HRCT of chronic hypersensitivity pneumonitis shows bilateral reticular shadowing, traction
bronchiectasis and minor mosaic perfusion along with some micronodules.

High-resolution computed tomography

Chest radiography and HRCT are usually the first steps when evaluating a patient with suspected
hypersensitivity pneumonitis. HRCT findings in acute hypersensitivity pneumonitis may be normal [91].
In patients with more severe manifestations of acute hypersensitivity pneumonitis, HRCT shows patchy or
diffuse ground-glass attenuation and/or centrilobular poorly defined small nodules. Consolidation is rarely
seen (figure la—c) [92-97]. Mosaic perfusion is also observed, which represents indirect signs of small
airway obstruction (air-trapping) due to a concomitant bronchiolitis. Small nodules are not specific for
acute hypersensitivity pneumonitis and are also observed in chronic hypersensitivity pneumonitis.

In subacute hypersensitivity pneumonitis, patchy air-trapping areas on expiratory scans become more
prominent, often in a lobular distribution [93, 98]. Poorly defined small nodules are more prominent in
subacute hypersensitivity pneumonitis compared with acute hypersensitivity pneumonitis, which are
usually <5 mm in diameter and generally have a centrilobular distribution. Although the nodules may
sometimes be seen throughout the lungs, they typically distribute in the upper and middle lobes. As a
result of the considerable overlap of subacute and chronic hypersensitivity pneumonitis, the findings of
chronic hypersensitivity pneumonitis may be observed in subacute hypersensitivity pneumonitis to varying
degrees.

In chronic hypersensitivity pneumonitis, the prominent findings on HRCT are the signs of lung fibrosis
combined with ground-glass attenuation and centrilobular small nodules. The signs of lung fibrosis
include interlobular septal thickening, lobar volume loss, linear/reticular opacities, traction bronchiectasis
and honeycombing (figure 1d-f) [92, 99-101]. Traction bronchiectasis is a significant prognostic factor for
chronic hypersensitivity pneumonitis. Idiopathic pulmonary fibrosis (IPF) can be differentiated from
chronic hypersensitivity pneumonitis by the basal predominance of honeycombing, the absence of relative
subpleural sparing and the absence of centrilobular nodules [99]. It is noteworthy that honeycombing was
observed in 64% of patients with chronic hypersensitivity pneumonitis, which was similar to the frequency
seen in IPF [99]. Mosaic perfusion can also be useful to differentiate IPF from chronic hypersensitivity
pneumonitis (absent in IPF, present in hypersensitivity pneumonitis). Nonspecific interstitial pneumonia
(NSIP) can be differentiated from chronic hypersensitivity pneumonitis by the subpleural sparing, absence
of lobular areas with ground-glass attenuation and lack of honeycombing [102]. Sarcoidosis can be
differentiated from chronic hypersensitivity pneumonitis by the different distribution of the micronodules
(perilymphatic/subpleural/along  fissures in sarcoidosis versus centrilobular in hypersensitivity
pneumonitis) and by the lack of mosaic perfusion in sarcoidosis [1].
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Bronchoalveolar lavage

BAL is a highly sensitive method to detect hypersensitivity pneumonitis. An increase in the total cell count
(usually >20x10° in a total of 100 mL BALF) with a remarkable increment of lymphocytes (usually >50%)
is characteristic for hypersensitivity pneumonitis [103]. BAL lymphocytes show the highest count in
hypersensitivity pneumonitis of all ILDs. This increase is unusual in fibrotic ILDs such as IPF [104, 105]
and a BAL lymphocytosis with a cut-off level of 30% favourably differentiates chronic hypersensitivity
pneumonitis from IPF [104]. An increase of CD8" T-cells in BALF of hypersensitivity pneumonitis
patients results in a low CD4"/CD8" ratio with mean values of 0.5-1.5. However, the ratio is variable and
may be frequently increased in chronic hypersensitivity pneumonitis. Small numbers of neutrophils,
eosinophils, mast cells and, more characteristically, plasma cells are also found in BALF [95, 106-109].

Activated T-cells in hypersensitivity pneumonitis show folded nuclei and/or broad cytoplasm, and have
increased expression of counter-ligand CD28 [110]. Macrophages are also activated in hypersensitivity
pneumonitis, showing foamy macrophages and an increased expression of CD80/CD86 [111]. Lymphocyte
subsets of HLA-DR" CD8" T-cells and natural killer T-cells in BALF may differentiate hypersensitivity
pneumonitis from sarcoidosis. Natural killer T-cells were over seven-fold higher and HLA-DR™ CD8"
T-cells were two-fold higher in hypersensitivity pneumonitis compared with sarcoidosis [112].

Cytokines in BALF are also different in hypersensitivity pneumonitis. CCL18 is a member of the CC
chemokine family and is chemotactic for T-lymphocytes. The concentration of CCL18 both in serum and
BALF was significantly increased in hypersensitivity pneumonitis compared with IPF, respiratory
bronchiolitis ILD/desquamative interstitial pneumonia and cryptogenic organising pneumonia [113]. The
interleukin-6 polymorphism on the CXC chemokine motif ligand CXCL5 (ENA78) in BALF was specific
for hypersensitivity pneumonitis compared with sarcoidosis and IPF [114].

Transbronchial cryobiopsy

ToMasseTTI et al. [51] demonstrated that 17% of patients, mostly idiopathic NSIP and hypersensitivity
pneumonitis, were reclassified as IPF after having obtained histopathological information from
transbronchial cryobiopsy specimens. Ussavaruncst et al. [52] investigated the diagnostic utility of
transbronchial cryobiopsy in 74 patients with diffuse parenchymal lung disease. They observed that the
most frequent histopathological pattern was granulomatous inflammation (n=12, 16%), resulting in the
final diagnoses of hypersensitivity pneumonitis in six patients (8%). The rates of pneumothorax and
bleeding were 1.4% and 22%, respectively. GRiFr et al. [53] demonstrated among a total of 52 patients with
ILDs that transbronchial cryobiopsy was diagnostic in six out of seven patients (86%) with hypersensitivity
pneumonitis. Despite the encouraging results of transbronchial cryobiopsy, the use of this technique is not
yet recommended as a standard procedure for the diagnosis of suspected hypersensitivity pneumonitis,
because chronic hypersensitivity pneumonitis and IPF may be histologically similar, especially in advanced
stages. In general, histological changes in chronic hypersensitivity pneumonitis may not be different from
the patterns found in other fibrotic lung diseases. Isolated usual interstitial pneumonia-like or fibrotic
NSIP-like patterns have been reported in chronic hypersensitivity pneumonitis. Nevertheless, the greater
specimen size obtained by the use of transbronchial cryobiopsy could allow for a more confident
evaluation of granulomas and/or other characteristic histopathological features.

Genetics

Hypersensitivity pneumonitis develops in only a small proportion of individuals exposed to pathogenetic
antigens, suggesting that additional host/environmental factors may play a role. FALFAN-VALENCIAE et al. [115]
investigated the genetic susceptibility to hypersensitivity pneumonitis, and found that the frequency of
HLA-DRB1*04:07-DQB1%*03:02, DRB1*04:05-DQB1*03:02 and DRB1¥04:03-DQB1*03:02 haplotypes was
higher in patients with hypersensitivity pneumonitis compared with healthy controls. In addition, the
combination of HLA-DRB1*04 alleles and the tumour necrosis factor-238 GG genotype was significantly
increased in the hypersensitivity pneumonitis group compared with healthy controls (OR 6.93; p=0.01).
The low-molecular-weight proteasome (synonymous with proteasome subunit f (PSMB)) genes code for
subunits of the enzyme that degrades proteins into peptides for the major histocompatibility complex
class I pathway. CaMARENA et al. [116] demonstrated a significant increase of the PSMB8 KQ genotype
frequency in patients with hypersensitivity pneumonitis compared with healthy controls (OR 7.25, 95%
CI 2.61-21.3; p=0.000034). Although these findings suggest that various genotypes may increase the risk
of developing hypersensitivity pneumonitis, there is currently no clinical value of genetic testing in the
diagnosis or differential diagnosis of hypersensitivity pneumonitis.

Drug-induced granulomatous lung disease

Drug-induced ILD can present as a granulomatous lung disease, with or without hilar and/or mediastinal
lymphadenopathy. Updated information of drug toxicity can be found at www.pneumotox.com.
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Granulomas of drug-induced ILD are typically nonnecrotising. Depending on the immune status of
patients, special stains and molecular analyses are necessary to differentiate drug-induced ILD from
mycobacteria, Pneumocystis or other infections. A number of drugs (methotrexate, interferon, Bacillus
Calmette-Guérin, infliximab, etanercept, leflunomide, mesalamine and sirolimus) can be causative of
granulomas in drug-induced respiratory diseases. Pathological evaluation alone does not allow the
diagnosis of drug-induced granulomatous lung disease, because information about the exposure to the
causative drugs is essential for the accurate diagnosis.

Hot tub lung

Hot tub lung is a syndrome that combines features of hypersensitivity pneumonitis and M. avium complex
infection resulting from exposure to contaminated hot tubs, spas and Jacuzzis. Chest HRCT shows
ground-glass attenuation and scattered small nodules. Pathological findings are similar to those of typical
hypersensitivity pneumonitis. However, the interstitial pneumonia tends to be less prominent and the
usually nonnecrotising granulomas are well formed, which are frequently distributed within the airway
lumen rather than in the peribronchiolar interstitium [117]. Cultures and a history of exposure are
necessary for diagnosis.

Berylliosis

Berylliosis is characterised by a granulomatous reaction in the lung to inhaled beryllium. The clinical,
radiological and histopathological findings mimic sarcoidosis, with lymphangitic distribution and hilar
lymph node involvement [1]. In addition to granulomas, histopathology shows interstitial inflammation
which rather resembles hypersensitivity pneumonitis. A history of exposure to beryllium and a positive
beryllium lymphocyte transformation test are crucial for the accurate diagnosis of berylliosis.

Talc-induced granulomatosis

Drug abusers, especially of cocaine and crack, can develop a broad spectrum of acute and chronic lung
diseases. The method of administration (oral, nasal or intravenous), dose size, frequency of exposure and
presence of associated substances are associated with the different lung manifestations. Talc (hydrated
magnesium silicate) is the most frequently used carrier substance for oral medications. If such medications
are applied intravenously by drug abusers, typical pathological findings are perivascular location of foreign
body-containing granulomas. Talc can be found in the granulomas as a sheet-like substance [118].

Granulomatosis with polyangiitis

GPA, previously known as Wegener’s granulomatosis, and microscopic polyangiitis (MPA) are defined as
systemic vasculitis usually without eosinophilia that predominantly affects small vessels, and are now
categorised along with EGPA in the group termed antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV) [119]. The positive rate of proteinase 3 (PRTN3)-ANCA is >90% in
extended GPA and 75% in limited GPA without renal involvement [120]. Typical histological findings for
GPA are necrotising granulomas accompanied by necrotising vasculitis, resembling abscesses at low
magnification.

CaBrAL et al. [121] investigated the clinical characteristics of paediatric patients with AAV in an ARChiVe
(A Registry for Childhood Vasculitis: e-entry) cohort study. Older age at disease onset (14 versus 11 years),
more frequent pulmonary manifestations (74% versus 44%), less frequent gastrointestinal manifestations
(36% versus 58%) and less frequent renal failure requiring dialysis (13% versus 25%) formed the
characteristic clinical profile for patients with GPA compared with those with MPA. Although the
diagnostic utility of FDG-PET/CT for GPA is limited, FDG-PET/CT may be useful for the detection of
occult sites of disease activity and the extent of disease activity [122].

MERkEL et al. [123] identified risk alleles relevant to AAV in a genome-wide association and subsequent
replication study including 1986 patients with AAV. They detected HLA-DPB1 and HLA-DPA1 variants
were associated with GPA, and HLA-DQA2 and HLA-DQBI variants were associated with MPA. PRTN3
and SERPINAI (serpin family A member 1) loci were also associated with GPA.

Eosinophilic granulomatosis with polyangiitis

EGPA, previously known as Churg-Strauss syndrome, is defined as a necrotising granulomatous
inflammation with marked eosinophil infiltration in the respiratory tract, with necrotising vasculitis
predominantly affecting small-to-medium size vessels, and associated with asthma and eosinophilia [119].
Asthma and eosinophilia >1.5x10° L™" or 10% of leukocytes can be found in all patients with EGPA [124].
Pathological examination contributes to the diagnosis of EGPA in 57% of patients, demonstrating
necrotising vasculitis of small-to-medium size vessels (18%), leukocytoclastic capillaritis (13%),
eosinophilic infiltration of the arterial wall (8%) or of the adjacent tissue (18%), extravascular granulomas
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(6%) and/or giant cells (4%). Predominant HRCT features include ground-glass opacities (39%), bronchial
wall thickening (32%), consolidation (28%) and micronodules (<3 mm) (24%). BAL cell differentials show
a mean eosinophilia of 33%. ANCAs are positive at the time of diagnosis in 31% of patients [124].

The Fcy receptor 3B (FCGR3B) is mainly expressed on neutrophils and contributes to the clearance of
immune complexes by neutrophils. MARTORANA et al. [125] demonstrated that FCGR3B deficiency
predisposes to EGPA and is particularly associated with vasculitis on biopsy (OR 3.23, 95% CI 1.3-8.02;
p=0.008).

Rheumatoid nodules

Rheumatoid nodules are necrotising granulomas observed in 20% of patients with rheumatoid arthritis.
They are usually located subcutaneously but may also occur in the lungs as subpleural necrobiotic nodules,
either multiple or solitary, with an incidence of <1% [126]. The size of these nodules varies from 1 to
10 mm. Typical pathological findings include abundant central necrosis with a rim of palisading
histiocytes surrounded by infiltrates of lymphocytes and plasma cells. Although vasculitis can be found,
necrotising vasculitis is absent [127].

Pulmonary Langerhans cell histiocytosis

Pulmonary Langerhans cell histiocytosis (PLCH), synonymous with eosinophilic granuloma, is a rare lung
disease of unknown cause, primarily affecting young adults [128-130]. As nearly all patients with adult
PLCH have a history of current of recent cigarette smoking, smoking appears to be one of the important
aetiological factors. The clinical presentation of PLCH is usually nonspecific, and symptoms include
nonproductive cough, dyspnoea, fatigue, chest pain, weight loss and fever. However, some patients with
PLCH experience life-threatening multiorgan failure. Chest HRCT typically shows multiple cysts and
nodules with a middle- to upper-lobe predominance. These cysts may be isolated or confluent, sometimes
mimicking centrilobular emphysema [128]. The nodules are usually ill defined or stellate form with a size
of 2-10 mm [131, 132].

PLCH is pathologically characterised by an accumulation of activated Langerhans cells in granulomas
accompanied by eosinophils and lymphocytes. PLCH granulomas are associated with formation of cystic
appearing structures >1 cm in size. BALF analysis usually shows the presence of CDla" and/or CD207
(Langerin)* cells (Langerhans cells) accounting for >5% of total cells [105]. However, the cut-off value of
5% has not been established conclusively and <5% of Langerhans cells does not exclude the diagnosis of
PLCH. A low proportion of Langerhans cells can be seen in other clinical settings, including current
smokers, other ILDs and bronchioloalveolar carcinoma. The diagnostic yield of TBLB is limited, ranging
from only 10% to 40%, because of the focal distribution of the lesions [133].

FDG-PET scan shows increased uptake in the granulomas of PLCH. Positive FDG uptake is more likely to
be associated with a nodular radiographic pattern, whereas negative FDG uptake is more likely to be
associated with a cystic pattern with fewer nodules [134]. Osert et al. [135] recently demonstrated that
FDG-PET might have some utility for evaluating extrapulmonary lesions of PLCH (e.g. bone and thyroid).
However, the sensitivity of FDG-PET for pulmonary involvement was low (three out of 12 patients (25%)).
Accordingly, the role of FDG-PET in the diagnosis of PLCH is currently limited.

Granulomatous-lymphocytic interstitial lung disease

Common variable immunodeficiency (CVID) is a primary immunodeficiency characterised by
B-lymphocyte dysfunction and hypogammaglobulinaemia. Patients with CVID frequently demonstrate
recurrent respiratory tract infections [136]. Granulomatous and lymphoproliferative inflammation
sometimes affects small airways and the pulmonary interstitium, this is termed granulomatous-
lymphocytic ILD (GLILD). The pathological changes are complex, and include follicular bronchiolitis,
lymphoid hyperplasia, lymphocytic interstitial pneumonia and sarcoid-like granulomatous reactions. The
incidence of GLILD in CVID ranges from 8% to 22% [137]. Impaired T-cell function and subsequent
impaired antigen handling has been considered as a possible mechanism of GLILD [138].

Common physical findings of GLILD include dyspnoea, splenomegaly, lymphadenopathy and/or liver
disease in the context of multisystem granulomatous/inflammatory involvement. Pulmonary function tests
show a restrictive pattern with a low diffusing capacity of the lung for carbon monoxide. Bronchoscopic
examination for bacterial and mycobacterial culture is necessary in the diagnostic work-up for GLILD.
There is no consensus on other tests, including TBLB, PCR for mycobacteria, other atypical pathogens
including viruses, routine tests for Pneumocystis, BAL cell differentials and lymphocyte phenotyping [137].

Typical radiological findings of GLILD on HRCT include solid nodules (<3 cm), semi-solid nodules, pure
ground-glass opacities, patchy consolidations, reticular densities, enlarged hilar and/or mediastinal lymph
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nodes, and splenomegaly [137]. FDG-PET/CT may be beneficial for detecting areas of increased metabolic
activity in the lungs and lymph nodes, which can be detected by FDG-PET/CT, even if lymph nodes are
not enlarged [139].

Pathological examinations including immunostaining for CD3, CD4, CD8 and CD20 are recommended,
and also evaluating clonality to exclude lymphoma, since there is an increased risk for the development of
malignant lymphoma in patients with CVID [137]. The presences of granulomatous inflammation,
peribronchiolar lymphoid proliferation, interstitial lymphoid proliferation and CD4" cell predominance are
suggestive of GLILD. Conversely, the presence of eosinophils is not typical for GLILD.

Aspiration pneumonia

Aspiration of a variety of substances, including oropharyngeal bacteria, foreign bodies and gastric contents,
leads to an aspiration pneumonia. Typical pathological findings include acute necrotising
bronchopneumonia accompanied by foreign body granulomas or multinucleated giant cells containing
aspirated foreign material [140]. Organising pneumonia can also be found. No recent advances have been
reported for improving the diagnostic accuracy of aspiration pneumonia.

Conclusions

The recent advances in the diagnostic procedures for granulomatous lung diseases have been reviewed.
Although some of the diagnostic procedures have potential to improve diagnostic accuracy, they cannot yet
routinely be used in practice. As granuloma alone is a nonspecific histopathological finding, the
multidisciplinary approach is important for a confident diagnosis. Figure 2 summarises the diagnostic
algorithm for granulomatous lung diseases. Characterisation of accompanying histological findings and
evaluation of clinical and radiological findings are crucial to achieve accurate diagnosis.

Yes Necrotising No
l granuloma l
N - oP
ecrotlﬁl_ng Peribronchiolar
VEEELE inflammation
Yes | No Yes | No
Eosinophilic L CD4 Lymphangitic
infiltration ~elizaiing lymphoid proliferation distribution
Yes No Yes No Yes No Yes | No
v v
. " Well- Well- Foreign
Sarctgld ﬁlers\:/:?gc\gi: formed formed body
reaction granuloma granuloma granuloma
Yes | No Yes No Yes | No Yes No
y vy v v vy v
| E6PA | | NSG | [6PA| | Rheumatoid GLILD | [Hottub| | HP
nodule lung Yes
Foreign
body CD1a+
granuloma cells
Yes ° v
4 v Sarcoidosis Yes
Bronchocentric || Aspiration v or v A 4
granulomatosis || pneumonia Infection berylliosis | Talc | |PLCH|

FIGURE 2 Diagnostic algorithm of granulomatous lung diseases. OP: organising pneumonia; EGPA: eosinophilic granulomatosis with polyangiitis;
NSG: necrotising sarcoid granulomatosis; GPA: granulomatosis with polyangiitis; GLILD: granulomatous-lymphocytic interstitial lung disease; HP:

hypersensitivity pneumonitis; PLCH: pulmonary Langerhans cell histiocytosis.
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