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ABSTRACT The finding of collections of macrophages/histiocytes in lung biopsy and bronchoalveolar
lavage is relatively common in routine practice. This morphological feature in itself is pathological, but the
exact clinical significance and underlying disease should be evaluated together with clinical data,
functional respiratory and laboratory tests and imaging studies.

Morphological characteristics of macrophages and their distribution along the different pulmonary
structures should be examined carefully by pathologists. Indeed, haemosiderin-laden macrophages are
associated with smoking-related diseases when pigment is fine and distribution is bronchiolocentric, while
alveolar haemorrhage or pneumoconiosis are the main concerns when pigment is chunky or coarse and
the macrophages show an intra-alveolar or perilymphatic location, respectively. In the same way,
pulmonary accumulation of macrophages with foamy cytoplasm is generally associated with pathologies
leading to broncho-bronchiolar obstruction (e.g. diffuse panbronchiolitis, hypersensitivity pneumonia or
cryptogenic organising pneumonia) or alternatively to exogenous lipoid pneumonia, some drug toxicity
(e.g. amiodarone exposure or toxicity) and metabolic disorders (e.g. type B Niemann–Pick disease).

This pathology-based perspectives article is aimed at concisely describing the diagnostic possibilities
when faced with collection of macrophages in lung biopsy and cytology.

Copyright ©ERS 2017. ERR articles are open access and distributed under the terms of the Creative Commons
Attribution Non-Commercial Licence 4.0.
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Introduction
In the lung, macrophages and histiocytes play a key role in inflammatory and phagocytic processes
through complex production of cytokines and cellular interaction [1, 2].

Recent studies have demonstrated dynamic changes of circulating monocytes, lung alveolar macrophages
and interstitial macrophages with M1 (pro-inflammatory) and M2 (anti-inflammatory) phenotypes in
preclinical models of interstitial lung diseases (ILDs) [3].

Nevertheless, the presence of collections of macrophages is considered a pathologic feature, although the
exact clinical significance may range in a single case. Indeed, the occurrence of several macrophages in the
lung often represent an incidental finding, while in other cases macrophages are indeed the problem.

Among ILDs, the careful evaluation of the morphological characteristics and the exact localisation of the
macrophages disclosed in a lung biopsy may be fundamental diagnostic clues for pathologists. Pathologists
have different diagnostic methodologies to identify macrophage-based lung lesions with various diagnostic
yields, including bronchoalveolar lavage (BAL), transbronchial biopsy, transbronchial cryobiopsy and
surgical lung biopsy (table 1) [4, 5].

Several histochemical stains and immunohistochemical markers are used to recognise histiocytes in
cytology and biopsy. Among histochemical stains oil red O or Sudan black are useful in recognising
lipid-rich histiocytes on fresh material (alcohol-based fixation used for conventional haematoxylin–eosin
stain digest the lipids that are not visible in formalin-fixed paraffin-embedded samples), while Perls’
Prussian blue stains the iron-laden macrophages. Periodic acid–Schiff (PAS) and May–Giemsa stains are
helpful in differentiating some metabolic diseases. Among immunohistochemical markers, CD68, S-100
protein, CD1a, langerin, CD56, CD163, CD4, lysozyme, α1-antitrypsin and factor XIIIa are the most
common primary antibodies used to recognise different histiocytic disorders [6]. Of note, there is evidence
that human alveolar macrophages from donors are maintained in the lung parenchyma for several years
after lung transplantation, possibly resulting in an important mechanism for the development of chronic
graft rejection [7].

This article summarises the most important features of lung pathologies characterised by the accumulation
of histiocytes (with the exclusion of granulomatous processes) and provides a practical approach to the
diagnosis of ILDs from the “viewpoint” of the macrophages.

Pathologies consisting of accumulation of macrophages containing fine
haemosiderin pigment
The accumulation of yellow-brown, haemosiderin-laden, pigmented macrophages (“smokers’
macrophages”) within the lumens of respiratory bronchioles and into the peribronchiolar alveolar spaces
(figure 1) is seen very frequently and in the great majority of cases secondary to a cigarette smoking habit
[8–11]. Macrophages initially fill the lumen of the respiratory bronchioles and peribronchiolar alveoli
leading to a specific type of bronchiolitis, namely respiratory bronchiolitis. This histological finding is
associated with a patchy submucosal and peribronchiolar chronic inflammation with or without mucostasis
and occurs in virtually all cigarette smokers; patients are generally asymptomatic or paucisymptomatic and
histological stigmata of respiratory bronchiolitis may persist for decades after smoking cessation [9].

In some cases, particularly in heavy smokers, alveolar accumulation of pigmented macrophages extends
from peribronchiolar zones to the periphery of the lobules, determining an ILD affecting the upper lung
lobes with centrilobular nodules and ground-glass opacities at high-resolution computed tomography
(HRCT) [12–14].

This phenomenon is defined as RB-ILD when the subpleural alveoli are not involved in the process, while
the misnomer “desquamative interstitial pneumonia” (DIP) [15] is used when the entire lobule is involved
by accumulation of smokers’ macrophages (although the differential diagnosis between RB-ILD and DIP is
sometimes arbitrary and has no clinical significance). Respiratory bronchiolitis, RB-ILD and DIP do
represent a continuous spectrum of histological lesions secondary to their accumulation of macrophages
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into the peripheral zone of the lungs and secondary to cigarette smoking in the great majority of cases
(also collected under the umbrella term “smoking-related ILDs”).

A subset of patients with RB-ILD and DIP have an insidious presentation with exertional dyspnoea,
symptomatic wheezing, persistent cough and concomitant functional impairment and imaging
abnormalities at chest radiography and HRCT [13–15]. In most cases, RB-ILD and DIP show a relatively
stable clinical course with long-term outcomes and good prognosis.

a) b)

c) d)

FIGURE 1 a) Smokers’ macrophages show a fine, golden haemosiderin cytoplasmic pigment; b) in respiratory
bronchiolitis (RB), smokers’ macrophages are located in the bronchiolar lumen and peribronchiolar alveoli; in
c) RB-associated interstitial lung disease and d) desquamative interstitial pneumonia, smokers’ macrophages
progressively expand to the peripheral alveoli.

TABLE 1 Diagnostic yield of the different sampling techniques in macrophage-rich pulmonary diseases

Bronchoalveolar
lavage

Transbronchial
biopsy

Transbronchial
cryobiopsy

Surgical lung
biopsy

Respiratory bronchiolitis interstitial lung disease + ++ +++ +++
Desquamative interstitial pneumonia + ++ +++ +++
Langerhans cell histiocytosis + ++ +++ +++
Extrinsic allergic alveolitis/hypersensitivity pneumonitis + ++ +++ +++
Diffuse pan-bronchiolitis + ++ +++ +++
Exogenous lipoid pneumonitis ++ ++ +++ +++
Pneumoconiosis + ++ +++ +++
Pulmonary alveolar proteinosis +++ ++ +++ +++
Erdheim–Chester disease − + ++ +++
Rosai–Dorfman disease − + ++ +++
Gaucher disease +# + ++ +++
Niemann–Pick disease +# + ++ +++

–: almost never diagnostic; +: weakly diagnostic; ++: moderately diagnostic; +++: almost always diagnostic. #: bronchoalveolar lavage is helpful
in supporting the diagnosis once clinically suspected, but rarely diagnostic per se.
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From the pathologist’s viewpoint, it is important to underline that respiratory bronchiolitis, RB/ILD and
DIP represent diagnoses of exclusion in all cases [13–15]. In other words, since the accumulation of
smokers’ macrophages in a lung biopsy or BAL are nonspecific morphological features, it is mandatory to
ascertain that they represent the real and unique problem of the patient. Indeed, respiratory bronchiolitis,
RB-ILD and DIP may be observed concurrently in other more aggressive diseases, namely lung cancer and
idiopathic pulmonary fibrosis. Keeping this in mind, a diagnosis of RB-ILD or DIP on small biopsy or
BAL may be considered only in an adequate clinicoradiologic context.

In addition, both primary and metastatic lung tumours are rarely associated with a peculiar discohesive
growth pattern resulting in airspace filling by macrophage-like tumour cells, closely simulating RB-ILD
and DIP. The malignant cytology of the tumour nuclei and immunohistochemical stains are the clues in
differential diagnosis [16].

However, a subset of DIP occurs in nonsmokers and is related to occupational inhaled toxins, drug
toxicity and connective tissue diseases [17]. In addition, the DIP pattern has been associated with genetic
diseases, such as ABCA3 mutations [18].

Pathologies consisting of accumulation of macrophages containing coarse
haemosiderin pigment
The finding of accumulations of macrophages with intracytoplasmic deposits of coarse or chunky
haemosiderin pigment is entirely characteristic of various diseases, possibly leading to chronic
haemorrhage [19] (figure 2).

In chronic haemorrhage, apart from the presence of chunky haemosiderin pigment, there is some
interstitial fibrosis and other features of alveolar bleeding, such as intra-alveolar fibrin intermingled with
blood red cells, foci of organising pneumonia and capillaritis.

In some cases, the differential diagnosis between smoking-related ILD and chronic haemorrhage is very
difficult and requires a striking integration with clinical, laboratory and imaging data.

Accumulation of macrophages with coarse haemosiderin pigment in the lung parenchyma may be
observed in other pulmonary diseases, such as some pneumoconiosis (asbestosis and siderosis) and
pulmonary vascular diseases (e.g. veno-occlusive disease) [20, 21].

The haemosiderin content of alveolar macrophages may be evaluated according to the Golde scoring
system, considering the number of cells and the type of haemosiderin content using a special iron stain
(e.g. Perls’ Prussian blue) [22].

Pathologies consisting of accumulation of macrophages containing exogenous
material and crystals
Accumulation of macrophages is always present in pneumoconiosis (figure 3) such as silicosis [23, 24].
Indeed, the early phase of silicosis is characterised by the aggregation of “dirty macrophages” along the
lymphatic routes. These macrophages show carbon particles and birefringent material into the cytoplasm,
while the typical fibrotic nodules with “onion-skin” pattern appear only in the subsequent phases of the
disease (figure 4). The increased risk of alveolar proteinosis and infection (e.g. tuberculosis) occurring in
silicosis seems to be related to the lack of function of macrophages [24].

a) b)

FIGURE 2 In chronic haemorrhage a) several pigmented macrophages fill the alveoli with dense fibrosis of the
interstitium; b) the haemosiderin pigment in macrophages is coarser than that observed in smokers’
macrophages.
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In different forms of pneumoconiosis, the exogenous material is covered by iron leading to ferruginous
bodies. The asbestos body is a peculiar type of ferruginous body in which the exogenous material is
represented by the asbestos corpuscles. This is unique and consists of a transparent, not birefringent and
linear corpuscle [8].

Intravenous talcosis is another form of pneumoconiosis caused by the injection of material containing
silicates and characterised by the intravascular accumulation of exogenous material [25].

Chronic aspiration pneumonitis is a relatively common, but often underrated pathology characterised by
the finding of mono-/multinucleated macrophages with intracytoplasmic alimentary digested debris or

a)

b) c)

FIGURE 3 a) The accumulation of haemosiderin pigment may be observed in some cases of pneumoconiosis,
such as b) asbestosis with the presence of asbestos bodies showing a linear non-birifringent “core” attracting
ferrous material or c) pneumosiderosis (welder’s lung) with bronchiolitis and sheets of macrophages having
cytoplasmic iron pigment.

a) b)

FIGURE 4 Silicosis is characterised by a) irregular, stellate-shaped nodules along the lymphatic routes, with
b) “dirty” macrophages and comparison of dense fibrosis in chronic phases.
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other exogenous material in the background of chronic bronchiolocentric damage with bronchiolar
metaplasia and inflammatory reaction. Exogenous lipoid pneumonitis is a peculiar variant of aspiration
pneumonitis due to prolonged aspiration of mineral oils leading to a pulmonary histological lesion
identical to the subcutaneous paraffinoma with areas of dense fibrosis including clear vacuoles of different
size, often surrounded by foamy macrophages (figure 5). Examination of BAL fluid may be used to
diagnose exogenous lipoid pneumonitis when numerous lipid-laden macrophages are disclosed in the
correct clinicoradiological setting [26].

The finding of multinucleated macrophages with intracytoplasmic cholesterol crystals/clefts is a frequent
and nonspecific histological finding in lung biopsies. Nevertheless, their presence in the background of a
cellular (lymphocyte and plasma cell-rich infiltrate) interstitial pneumonitis is an important morphological
circumstantial proof favouring hypersensitivity pneumonitis (allergic extrinsic alveolitis), particularly when
the inflammatory process is accentuated in the centrolobular regions [27, 28].

The finding of numerous macrophages with intracytoplasmic cholesterol clefts under the pleura or in the
peripheral regions of the lung should raise the possibility of a pulmonary alveolar proteinosis in the
healing phase. In this case, a meticulous search for focal areas including alveoli containing the
characteristic eosinophilic, PAS-positive material is mandatory to confirm the diagnosis [29].

Rarely, primary pulmonary lymphomas (e.g. marginal zone or mucosa-associated lymphoid tissue
lymphoma and lymphoplasmacytic lymphoma) or lung involvement by plasma cell proliferations (multiple
myeloma or plasma cell disorders) and lymphomas are associated with aggregates of macrophages
containing intracytoplasmic eosinophilic, refractile, rod-shaped crystals due to intralysosomal accumulation
of immunoglobulin light chain crystals (figure 6). This condition is called crystal-storing histiocytosis [30]
and has been described in some reactive processes secondary to non-neoplastic immune-mediated diseases
(i.e. rheumatoid arthritis) or the use of clofazimine for the treatment of leprosy [31].

Chronic eosinophilic pneumonitis [32] is characterised by the accumulation of intra-alveolar eosinophilic
granulocytes, macrophages and fibrin. Macrophages may contain eosinophilic granules leading to a
brilliant pink staining of the cytoplasm. The finding of these macrophages, particularly when associated
with fibrin deposits and organising pneumonia, is an important clue in suspecting a chronic eosinophilic
pneumonia, even when eosinophilic granulocytes are very few or absent (possibly due to steroid
treatment).

Pathologies consisting of accumulation of foamy macrophages
In routine practice, the presence of foamy histiocytes in BAL fluid and lung biopsies is a very frequent
finding (figure 7). Foamy macrophages represent an incidental and poorly significant sign in the great
majority of cases. Indeed, it is very common to observe foamy macrophages akin to necrotic processes (e.g.
resected lung tumours after neoadjuvant chemotherapy) peripherally to an obstructive pathology of the
bronchial tree, along various levels and due to different causes, or in the setting of areas of parenchymal
consolidation (“golden pneumonia”) at the periphery of a lung tumour occluding the bronchial lumen.

However, in some circumstances foamy macrophages are an important “spy” of an underlying subtle
obstructive respiratory pathology, possibly not considered at a first glance by the pathologist.

For example, endoalveolar foamy macrophages are frequently noted in bronchiolitis and small airway
diseases, a complex group of diseases characterised by a clinically and functional obstructive picture

a) b)

FIGURE 5 a) Lipoid exogenous pneumonia on bronchoalveolar lavage is characterised by macrophages with
several intracytoplasmic vacuoles of various sizes; b) in chronic phases, the lesion is partially substituted by
fibrosis and chronic inflammation, leading to a nodular mass known as paraffinoma.
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coupled to subtle-to-evident inflammation and fibrosis of the small airways at histology [33, 34]. In
addition, in the context of a diffuse infiltrative pneumonia, the finding of intra-alveolar foamy
macrophages should lead to the consideration of hypersensitivity pneumonia [27, 28] and organising
pneumonia (bronchiolitis obliterans organising pneumonia or cryptogenic organising pneumonia) [33–
35], the ILDs most commonly associated with a prominent accentuation of peribronchiolar inflammation
(bronchiolitis).

A peculiar variant of small airway disease is “diffuse panbronchiolitis”, a clinicopathological entity
frequently observed in Japan and very rare in Western countries [36]. Patients present with productive
cough, exertional dyspnoea, chronic sinusitis and elevated titres of cold hemagglutinins. At HRCT, diffuse
panbronchiolitis shows bilateral diffuse centrolobular nodules with bronchiectasis and bronchiolectasis.
Lung biopsy reveals accumulation of foamy macrophages in the lumen of the alveoli and peribronchiolar
interstitium.

These histological features are incorrectly considered to be pathognomonic of diffuse panbronchiolitis, but
rarely, interstitial aggregates of foamy histiocytes may be observed in other diseases, as in the peripheral
lung portion of patients with cystic fibrosis, in lung involvement by idiopathic chronic inflammatory bowel
diseases, some vasculitides and connective tissue diseases [37, 38]. As in many non-neoplastic lung
pathologies, the diagnosis of diffuse panbronchiolitis requires a careful correlation between histology,
clinical, laboratory and imaging data.

Apart from small-airway diseases, another group of pathologies characterised by the presence of foamy
macrophages is represented by drug toxicities [8]. This is another poorly recognised and underrated rubric
of lung diseases by clinicians and pathologists.

In the great majority of cases, drug toxicity in the lung consists of nonspecific histological features, ranging
from acute (diffuse alveolar damage or haemorrhage) to chronic interstitial pneumonitis morphologically
identical to nonspecific interstitial pneumonia or even idiopathic pulmonary fibrosis (www.pneumotox.
com).

The definitive recognition of a pulmonary drug toxicity requires a close correlation of histological clues
with clinical data and exclusion of other diseases justifying the lung injury. Despite this, it is quite true

a) b)

FIGURE 6 a) Crystal-storing histiocytosis with sheets of macrophages containing intracytoplasmic eosinophilic
crystal of immunoglobulin in a plasmacytoma and b) mucosa-associated lymphoid tissue-type lymphoma.

a) b)

FIGURE 7 Endoalveolar foamy histiocytes in a) hypersensitivity pneumonia and b) amiodarone-related toxicity.
Images courtesy of T.V. Colby, from the Charles B. Carrington Collection, sited at the Dept of Laboratory
Medicine and Pathology, Mayo Clinic, Scottsdale, AZ, USA.
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that drug toxicity should always be taken into account when pathologists face with an intra-alveolar
accumulation of foamy macrophages with scattered, sparse eosinophils and foci of organising pneumonia.

Virtually all drugs may cause accumulation of foamy macrophages in the lung, but amiodarone toxicity
is by far the most commonly encountered [39]. Amiodarone is an anti-arrhythmic agent leading to
lung toxicity in ∼5–10% of cases. Amiodarone is often associated with foamy changes either in the
macrophages and type II pneumocytes as a sign of drug exposure, not necessarily indicating
drug toxicity. The real significance of these histological features should be evaluated in the light of
clinical data.

Finally, the accumulation of foamy histiocytes is observed in exogenous lipoid pneumonia and in some
histiocytic disorders, some infections and metabolic diseases.

Infections characterised by the accumulation of macrophages
Accumulation of pulmonary macrophages may be the morphological clue to some infections, particularly
when associated with granulomas, necrosis and aggregates of neutrophils or in immunocompromised
patients.

In all these situations, it is mandatory to rigorously exclude an infection using of specific stains (e.g.
methenamine silver stain, Gram stain or Ziehl–Neelsen) and possibly microbiological cultures.

In this article, we focus on two unusual infections that occasionally involve the lung, namely Whipple’s
disease and malakoplakia.

Whipple’s disease [40] is a rare infection involving several organs which is sustained by the Gram-positive
bacterium Tropheryma whippelii. The disease mainly affects adult males and presents with systemic
symptoms (arthralgia and weight loss) together with gastrointestinal and neurological manifestations. The
pulmonary involvement is exceedingly rare and characterised by bronchiolocentric accumulation of
intensely PAS-positive macrophages.

Malakoplakia is an uncommon inflammatory condition characterised by the accumulation of macrophages
due to defective lysosomal activity and microtubular assembly leading to impairment of the normal
phagocytic process with accumulation of benign macrophagesis. This rare condition occurs most
commonly in the urinary tract and is due to the accumulation of macrophages unable to destroy
phagocytosed bacteria. In the lung, malakoplakia [41, 42] is often secondary to Rhodococcus equi infection,
Gram-positive coccobacilli common in the environment, which may cause fatal pneumonia in horses.
Occasionally, other micro-organisms are responsible for pulmonary malakoplakia.

Malakoplakia may occur in immunocompromised and immunocompetent individuals concurrently to
extrapulmonary involvement.

Chest radiography shows an opacity of the upper lobes tending to cavitate and the disease is often resistant
to common antibiotic therapy. The histological features (figure 8) are characterised by abscesses
containing the Gram-positive bacilli associated with dense accumulation of macrophages. Disease
progression is characterised by a decrease in neutrophils and the number of bacilli coupled with an
increase in macrophages. These peculiar macrophages tend to create confluent nodular tumour-like masses
and are characterised by an ample eosinophilic cytoplasm (von Hansemann histiocytes) containing
intracytoplasmic coccobacilli and scattered rounded von Kossa-positive inclusions consistent with
Michaelis–Gutmann bodies.

Langerhans cell histiocytosis and other histiocytic disorders
Langerhans cell histiocytosis
Langerhans cell histiocytosis (LCH) may involve the lung as localised disease or, more rarely, as part of a
systemic process [43]. Systemic disease is generally considered a clonal pathology [44, 45], while the
pulmonary isolated form is generally considered a polyclonal reactive process secondary to active or
passive cigarette smoking in virtually all cases [46, 47].

Pulmonary LCH is relatively rare and generally occurs in young smoking adults with a male prevalence.
∼25% of patients with LCH are asymptomatic, while cough, dyspnoea, chest pain, fever and weight loss
are the most common and nonspecific symptoms. Pneumothorax is present in a quarter of cases.
Respiratory function tests may return entirely normal results or show mild-to-moderate restrictive/
obstructive abnormalities.

Imaging studies (chest radiographs and computed tomography scans) generally show pulmonary
alterations characterised by multiple, tiny, peribronchiolar nodules (early phase) and cysts (chronic,
advanced phase) of varying and irregular shapes. These lesions are preferentially located at the upper
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lobes, sparing the costophrenic angles [48, 49]. Ground-glass opacities and mediastinal lymphadenopathy
may be observed [40], while solitary parenchymal or endobronchial nodules are very rare [50, 51]. Despite
entirely characteristic imaging findings at computed tomography, the diagnosis usually requires a
transbronchial or even surgical biopsy, particularly in atypical cases. BAL fluid analysis is very helpful
when ⩾5% of CD1a-positive Langerhans cells are found [52, 53] (figure 9).

At histology, the early phases of LCH are characterised by collections of Langerhans histiocytes in the
peribronchiolar interstitial tissue; they tend to aggregate in small nests. In contrast, the presence of
scattered and isolated Langerhans cells is a very common and nonspecific finding in smokers [51, 54].
Langerhans histiocytes show a peculiar morphology (discrete amounts of pale to slightly eosinophilic
cytoplasm devoid of any pigment, irregular nuclei with prominent grooves and a delicate nuclear
membrane) and a characteristic phenotype at immunohistochemistry (expression of S100 protein, CD1a,
CD68 and Langerin and factor XIIIa-negative).

Langerhans cells proliferate along the bronchiolar wall and the alveolar septa leading to irregular,
stellate-shaped, multiple nodules accompanied by a discrete quote of eosinophils and pigmented smokers’
macrophages into the alveolar lumen and septa. With time, the central zone of the nodule develops a dense
fibrosis and central cavitations due to progressive destruction of the bronchiolar wall [55].

In the chronic phase, the Langerhans cells are often visible only at the periphery of the lesions and absent
in the central fibrotic areas. In this mature phase of LCH, the disease shows multiple stellate nodules,
some of which are cavitated and characteristically separated by normal lung parenchyma. These
histological alterations are easily recognisable at low magnification, and it is often possible to observe
several lesions at difference stages of evolution (active CD1a-rich cellular nodules akin to “burnt-out”
fibrotic and cavitated nodules) in the same histological slide. Occasionally, the nodules grow into the
vascular walls, provoking pulmonary hypertension, which may be severe [56], or extend to the pleura,
leading to pneumothorax and simulating an eosinophilic pleuritis [57].

a)

b) c)

FIGURE 8 Dense clusters of a) eosinophilic macrophages (von Hansemann cells) containing b) von
Kossa-positive, rounded bodies (Michaelis–Gutmann bodies) (circled) and c) Gram-positive coccobacilli
(circled).
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Finally, the lesions of LCH tend to regress as small stellate, peribronchiolar scars that may be completely
reabsorbed. Clinical history is quite variable, since the disease may regress spontaneously after the active
phase or, more rarely, progresses to a fibrosing interstitial disease.

Treatment consists of smoking cessation with or without steroid therapy in the early phase of the disease
[43, 47]. Patients with progressive fibrotic disease have been treated with chemotherapy or transplantation.
Recurrence after lung transplant has been described rarely [58]. The clinical history of LCH is variable and
sometimes complicated by the occurrence of malignancy, such as lung cancer or lymphomas [47, 59].
Nevertheless, the great majority of patients with LCH have a good prognosis, and only 10% died of
respiratory failure [60]. Recently, the BRAF V600E mutation has been identified in ∼30% of Langerhans
histiocytes with isolated pulmonary LCH and in ∼60% of multisystemic LCH cases [61]. These molecular
features are promisingly open to targeted therapies with specific BRAF inhibitors in patients with
refractory BRAF-mutated LCH [47, 61].

Alternatively, NRAS and MAP2K1 mutations have been reported in pulmonary LCH [62, 63].

The BRAF V600E mutation may be robustly detected using immunohistochemistry using the clone VE1
on formalin-fixed paraffin-embedded tissue [64], while future diagnosis of LCH could achieved by
detecting mutations in circulating DNA using liquid biopsy.

An international classification of histiocytoses has been proposed [65]. The differential diagnosis between
histiocytic disorders involving the lungs is summarised in table 2.

Erdheim–Chester disease
Erdheim–Chester disease (ECD) is a rare, multisystemic, non-Langerhans form of histiocytosis of
unknown origin, affecting adult patients (median age 53 years) with no sex prevalence [66, 67]. The
disease is characterised by the accumulation of xanthomatous/foamy lipid-laden macrophages, with/
without multinucleated macrophages (Touton-like giant cells) surrounded by fibrotic tissue.

a)

d) e)

b) c)

FIGURE 9 In early phases, Langerhans cell histiocytosis is characterised by a) bronchiocentric collection of
peculiar macrophages with prominent grooves accompanied by smokers’ macrophages and eosinophils,
leading to b) cellular bronchiolar nodules with irregular, stellate-shaped margins; c) Langerhans cell
histiocytes express CD1a at immunohistochemistry; d) during disease progression, the nodules tend to form
central cavitation surrounded by fibrosis and decrease of Langerhans cells; e) the disease generally has a
good prognosis, leaving hypocellular bronchiolocentric scars of dense fibrosis without Langerhans cells.
Images courtesy of T.V. Colby, from the Charles B. Carrington Collection, sited at the Dept of Laboratory
Medicine and Pathology, Mayo Clinic, Scottsdale, AZ, USA.
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These histiocytes show immunohistochemical expression of CD68, factor XIIIa, CD163 and occasionally
S100 protein, whereas CD1a and Langerin are entirely negative. It is still unclear whether ECD is a clonal
process [68, 69].

The disease generally presents with bilateral and symmetric cortical osteosclerosis of the diaphyseal and
metaphyseal regions in the long bones, but it may involve central nervous system, orbit, pituitary gland
and hypothalamic areas, kidney, retroperitoneum, skin (often misdiagnosed as xanthoma) and lung (14%
of cases) [66, 70].

Interestingly, patients concurrently or metachronously affected by ECD and LCH are reported in literature,
thus suggesting a relationship between these diseases [65]. Pulmonary involvement was not found to be a
major prognostic factor in ECD and an overall mortality rate of 59% has been reported [66]. Pulmonary
involvement is characterised by dyspnoea [70–75] and thickness of the interlobular septa and pleura with
centrolobular nodular and ground-glass opacities.

At histology, lung biopsy shows a diffuse infiltration and expansion of the lymphatic bundles (pleura,
interlobular septa and peribronchiolar connective tissue) by xanthomatous/foamy histiocytes surrounded
by dense fibrosis and a lymphoplasmacytic inflammatory infiltrate (figure 10).

At low magnification, the marked fibroinflammatory dilatation of the lymphatic bundles in absence of
“dirty macrophages” (pathognomonic of silicosis) and granulomas (suggestive of sarcoidosis) should alert
the pathologist to the possibility of pulmonary involvement of ECD.

The BRAF V600E mutation is reported in ⩽60% of patients with ECD. Significant, rapid clinical and
biological improvements with the BRAF inhibitor vemurafenib have been reported in patients with
refractory and severe forms of ECD [65, 70].

TABLE 2 Main characteristics of Langerhans cell histiocytosis (LCH), Erdheim–Chester disease (ECD) and Rosai–Dorfman
disease (RDD)

Smoking
habit

Histology Chest CT Special techniques Molecular
abnormalities

LCH Yes Bronchiolocentric nodules with Langerhans
cells, eosinophils and other inflammatory

cells;
multiple stellate-shaped nodules or fibrotic
cysts separated by normal lung parenchyma

Bronchiolocentric nodules
and/or fibrotic cysts with

upper lobes involvement and
sparing of costophrenic

angles

S100+, CD1a+,
Langerin+ factor XIIIa-

Birbeck granules at
electron microscopy

BRAF (V600E)
mutations in ∼30%

ECD No Expansion of pleura, interlobular septa and
peribronchiolar tissue with xanthomatous/

foamy histiocytes and interspersed
inflammatory cells, multinucleate
Touton-like giant cells in a fibrotic

background

Thickening of pleura,
interlobular septa and

centrilobular nodules with/
without pleural effusion and

ground-glass opacities;
mediastinal involvement

CD68+, CD163+, factor
XIIIa+ CD1a-, S100-,

Langerin-

BRAF (V600E)
mutations in ⩽60%

RDD No Expansion of pleura, interlobular septa and
peribronchiolar tissue by histiocytic cells
with mixed inflammatory infiltrates and

emperipolesis phenomenon

Diffuse lymphadenopathies;
expansion of pleura,
interlobular septa and
bronchiolocentric tissue

CD68+, S100+, CD14+

and CD11c1 CD1a-,
Langerin-, factor XIIIa-

No BRAF V600E
mutation

CT: computed tomography.

a) b)

FIGURE 10 Erdheim–Chester disease is characterised by a) thickening of the pleura and interlobular septa
with b) dense fibrosis and a proliferation of lymphocytes and macrophages.
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Rosai–Dorfman disease
Sinus histiocytosis with massive lymphadenopathy (commonly known as Rosai–Dorfman disease (RDD))
is a histiocytic disorder of unknown cause, primarily characterised by lymphadenopathy (particularly of
the cervical region) and, less frequently, involvement of skin, nasal sinuses, soft tissue, orbit, bones,
salivary glands and central nervous system. Among 423 patients included in an international registry [76],
only nine (2%) cases (six females and three males; median age 14 years) had tracheal, bronchial or
pulmonary involvement, while the lung parenchyma was affected in only three cases. Concurrent
lymphadenopathy and nasal involvement was observed in all nine cases.

Given the rarity of lung involvement, the morphological characteristics of pulmonary RDD are poorly
recognized. In our single case, there was a marked expansion of the pleural, peribronchiolar and
connective tissue of interlobular septa. In these locations, the characteristic histiocytes (macrophages with
large and pale cytoplasm with emperipolesis phenomenon, expression of S100 protein and CD68 with
negativity for CD1a, factor XIIIa and CD163) were intermingled with a mixed inflammatory infiltrate and
dense fibrosis [76]. The differential diagnosis between ECD, RDD and other histiocytic disorders not
otherwise specified is often problematic, requiring a close correlation with clinical data. No BRAF V600E
mutation has been reported in RDD [65, 70].

Metabolic diseases
Gaucher disease
Gaucher disease is an autosomal recessive lysosomal storage disease caused by mutations in GBA1 with
resultant defective function of the expressed enzyme, acid β-glucosidase (glucocerebrosidase or GCase)
leading to excess accumulation of glucosylceramide and glucosylsphingosine in macrophages and other
lineage cells with multiorgan involvement [77, 78]. Three types of Gaucher disease are described, based
upon the presence and severity of neurological involvement. Type 1, lacking central nervous system
involvement, accounts for ∼90% of cases, with features usually limited to the visceral organs (e.g.
hepatosplenomegaly). Types 2 and 3 are neuronopathic variants distinguished by the age of onset and
biological progression of neurological disease: type 2 is the acute variant with early onset at age 6 months
and severe, progressive neurological and visceral involvement leading to death in the first 1–2 years of life;
and type 3 is the subacute neuronopathic variant associated with later-onset neurological and visceral
disease of varying severity [79].

Lung involvement is frequent, particularly in infantile forms and patients with L444P homozygosis [80],
with accumulations of Gaucher cells into the alveoli, interstitial space and pleura, around arteries and in
the alveolar capillaries. Collection of Gaucher macrophages in pulmonary capillaries and arteries may
cause pulmonary hypertension [81]. Gaucher cells may show various patterns, including intracapillary
involvement, lymphangitic pattern with patchy aggregated into the alveolar interstitium, diffuse thickening
or alveolar septa and intra-alveolar accumulation. Gaucher cells are CD68-positive and have an eccentric
nucleus and abundant granular or fibrillary blue-grey cytoplasm with a wrinkled tissue paper-like
appearance with abundant lightly PAS-positive and iron-stained fibrillary material in the cytoplasm [82].
Diagnosis is confirmed by the levels of serum glucocerebrosidase.

Niemann–Pick disease
Niemann–Pick disease is a rare autosomal recessive lysosomal storage disease with three subtypes and
accumulation of sphingomyelin-rich macrophages. Types A and B result from a deficiency of acid
sphingomyelinase activity, while type C is a complex lipid storage disorder. Type A is a fatal
neurodegenerative disorder of infancy; type B is a less severe form. Pulmonary involvement occurs in all
three types [83, 84], but most frequently in type B.

Imaging findings consist of ground-glass opacities and smooth interlobular septal thickening, and
intralobular lines involving mainly the lower lobes [84]. Histology is quite characteristic [85, 86] with
finely vacuolated foamy macrophages (Niemann–Pick cells) filling the alveolar spaces, alveolar septa and
pleura. The ciliated bronchiolar epithelium presents a cytoplasm with fine vacuolation or clear change
(figure 11). May–Giemsa stain and the Schmorl reaction evidences intensely blue-stained Niemann–Pick
cells (“sea-blue histiocytes”) [82]. BAL is helpful in the diagnosis of Niemann–Pick’s disease, showing the
presence of the characteristic clear macrophages [87]. The diagnosis is confirmed by the analysis of
sphingomyelinase in the serum and in vitro fibroblasts.

Fabry disease
Fabry disease is an X-linked lysosomal storage recessive disorder caused by deficiency of α-galactosidase A,
which leads to storage of neutral glycosphingolipids in virtually all tissues and cells [88]. Cutaneous and
mucosal angiokeratomas, hypohydrosis and paraesthaesia of the extremities are usually present. The
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progressive involvement of vascular system may lead to renal and cardiac failure. The obstructive lung
disease is the main pulmonary abnormality in these patients (36% of cases) [89], secondary to
accumulation of neutral glycosphingolipids (leading to dense granular inclusion bodies) along the
bronchial tree with progressive narrowing of the airways by accumulated glycosphingolipids in the
bronchial cells and smooth muscle cells.

Hermansky–Pudlak disease
Hermansky–Pudlak disease is an autosomal recessive disorder characterised by oculocutaneous albinism,
defects of platelet aggregation with bleeding diathesis, granulomatous colitis and systemic accumulation of
macrophages containing ceroid pigment (amorphous lipid–protein complexes) [90, 91]. Pulmonary
involvement (the most important complication of this disease) at chest computed tomography shows
increased reticular opacities, thickened interlobular septa, and ground-glass infiltrates in addition to
fibrotic changes, including traction bronchiectasis and honeycombing [92].

Histological lesions in the lung reveal an interstitial pneumonia with a nonspecific interstitial
pneumonia-like or usual interstitial pneumonia-like pattern. Collection of macrophages with
intracytoplasmic ceroid pigment are present in lung biopsy and upon BAL [93], as well as in other organs
(e.g. intestine) [94]. The presence of surfactant engulfment at electron microscopy with secondary marked
vacuolisation of pneumocytes has been noted [95].

Miscellanea
Several other exceedingly rare disorders characterised by the accumulation of macrophages may involve the
lungs. Patients with mucopolysaccharidoses often show a pulmonary involvement with obstruction of the
airways and recurrent infections. Other rare metabolic diseases may show pulmonary alterations, such as
infantile gangliosidosis GM1 [96], leukodystrophies (Krabbe disease) [97], glicogenosis (Pompe disease)
[98], Farber disease [99], cystinosis, Marfan syndrome and Ehlers–Danlos syndrome [100, 101].

Final remarks
A careful morphological evaluation of the features and localisation of macrophages in the lung is often
helpful in reducing the diagnostic possibilities and differential diagnosis. Obviously, these findings need a
striking correlation with clinical, laboratory and imaging data.

Faced with accumulation of haemosiderin-laden macrophages, the first concern should be for
smoking-related lesions (when pigment is fine) or alveolar haemorrhage and some pneumoconiosis (when
pigment is chunky and coarse).

Faced with collection of foamy macrophages, pathologists first should take into account all the pathologies
associated with broncho-bronchiolar obstruction, or alternatively exogenous lipoid pneumonia, drug
toxicity and metabolic disorders. When foamy macrophages are sited in the alveoli, encrusted in the
interstitium and coupled to bronchiolitis, a “diffuse panbronchiolitis” should be considered. If the disease
presents clinically as an interstitial pneumonia, organising pneumonia (cryptogenic organising pneumonia
or secondary organising pneumonia), hypersensitivity pneumonia, drug toxicity and some metabolic
diseases are at the top of the diagnostic list. Collections of PAS-positive macrophages in the pleura and
interlobular septa associated with cytoplasmic clear changes of bronchiolar epithelium (particularly when
alveolar accumulation of foamy macrophages is diffuse without inflammation and fibrosis) are quite
consistent with the possibility of type B Niemann–Pick disease.

a) b)

FIGURE 11 Niemann–Pick disease, type B, with a) diffuse accumulation of intra-alveolar foamy histiocytes and
b) clarification of the bronchiolar epithelium.

https://doi.org/10.1183/16000617.0009-2017 13

PATHOLOGY FOR THE CLINICIAN | G. ROSSI ET AL.



Multiple and stellate nodules separated by normal lung is quite suggestive of LCH. Expansion of the
pleural and peri-broncho-vascular connective tissue associated with fibrosis and mixed inflammatory cells
with histiocytes in the interlobular septa is strongly suspicious of ECD or RDD. Finally, any unclear
accumulation of macrophages in the lung raises the possibility of a systemic metabolic disorder, even in
adulthood.
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