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Pneumoconiosis

Chen Zhang and Jeffrey L. Myers

Pneumoconiosis is a nonneoplastic reaction of the lung to 
inhaled inorganic particles. Most affected patients are diag-
nosed based on a combination of an occupational history, 
pulmonary function tests, and radiologic findings. Surgical 
specimens showing pneumoconiosis are uncommon. The 
histologic reactions of the lung to the inhaled particles vary, 
depending on the chemical properties and size of the particu-
lates, the length and dose of exposure, and the individual sus-
ceptibility of the host. The characteristic pathologic features 
in the types of pneumoconiosis most commonly encountered 
in surgical lung specimens are summarized in Table 9.1 and 
are illustrated in this chapter.

�Silicosis

Silicosis (Figs.  9.1, 9.2, 9.3 and 9.4) occurs in reaction to 
inhaled crystalline silica. Simple silicosis consists of sili-
cotic nodules involving predominantly the upper lobes. Hilar 
or mediastinal lymph nodes may also be involved. Progressive 
massive fibrosis is defined by the presence of nodular fibrosis 
that is greater than 1 cm in size and is the form of disease 
most likely to be associated with physiologically significant 
lung disease and disability.
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Table 9.1  Major types of pneumoconiosis and their typical pathologic 
features

Diseases Pathologic features
Silicosis Concentric hyaline nodules; progressive 

massive fibrosis
Mixed dust fibrosis Stellate interstitial fibrotic nodules
Asbestosis Diffuse interstitial fibrosis
Coal workers’ 
pneumoconiosis

Dust macules and collagen fibrosis

Berylliosis Sarcoid-like granulomas
Hard metal 
pneumoconiosis

Giant cell interstitial pneumonia
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Fig. 9.1  Simple silicosis. (a) Cut surface of autopsy lung showing 
classic simple silicosis with multiple pigmented lung nodules measur-
ing less than 1 cm in their greatest dimension. (b) Low-magnification 
photomicrograph of a section from the same autopsy lung showing 

multiple silicotic nodules consisting of concentric, hyalinized collagen 
bundles, and a peripheral rim of inflammatory cells in which dust-laden 
macrophages predominate

Fig. 9.2  Silicotic nodule. Higher-magnification view of nodule illus-
trated in Fig. 9.1b showing the coarse collagen bundles typical of silicotic 
nodules with the usual degree of associated dust-laden macrophages

Fig. 9.3  Silicotic nodule. High-magnification photomicrograph taken 
using polarized light showing small, dimly birefringent crystalline particu-
lates characteristic of free crystalline silica. Finding crystalline particles 
does not by itself establish the diagnosis of silicosis, which is predicated 
on the finding of particulates in the appropriate histologic context
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Fig. 9.4  Complicated silicosis (progressive massive fibrosis). (a) This 
low-magnification photomicrograph shows a conglomeration of sili-
cotic nodules to form a larger complex lesion measuring more than 

1 cm in greatest dimension. (b) Low-magnification photomicrograph 
showing another example of progressive massive fibrosis that involved 
nearly all of the right upper and middle lobes in an explanted lung from 
a patient with complicated silicosis
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�Mixed Dust Fibrosis

Mixed dust fibrosis (Figs. 9.5, 9.6 and 9.7) occurs when the 
inhaled particles consist of a mixture of silica and other less 
fibrogenic dusts such as anthracotic pigment and iron oxides. 
Compared to those of pure silicosis, the radiographic opaci-

ties of mixed dust fibrosis tend to be more irregular and stel-
late in shape. The main histologic finding is multiple 
bronchiolocentric stellate dust macules composed of dust-
laden macrophages without well-formed silicotic nodules. 
Nonasbestos ferruginous bodies containing brown or black 
cores may also be present.

Fig. 9.6  Mixed dust fibrosis. High-magnification view of another dust 
macule surrounding a bronchiole in a patient with mixed dust fibrosis. 
The stellate macule consists of macrophages, fibroblasts, and various 
pigmented particulates without silicotic nodules

Fig. 9.7  Mixed dust fibrosis with nonasbestos ferruginous bodies. A 
high-magnification photomicrograph shows pigmented particulates and 
ferruginous bodies containing central black cores (arrows) that differ 
from the translucent cores typical of asbestos

a b

Fig. 9.5  Mixed dust fibrosis. (a) Low-magnification photomicrograph showing irregularly shaped dust macule without well-formed nodules. (b) 
Higher-magnification view showing epithelioid and spindled dust-laden macrophages making up the dust macule
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�Asbestosis

Asbestosis (Figs. 9.8, 9.9, 9.10 and 9.11) is interstitial fibro-
sis caused by inhaled asbestos fibers. The disease process 
preferentially involves the lower lobes of the lung and is 
commonly accompanied by pleural plaques/fibrosis. The 

interstitial fibrosis of asbestosis ranges from early peribron-
chiolar fibrosis to late stage disease that may be indistin-
guishable from usual interstitial pneumonia. Identifying 
asbestos bodies in a background of interstitial fibrosis in a 
patient with a supportive occupational history is key to the 
diagnosis of asbestosis.

Fig. 9.8  Asbestosis. Low-magnification photomicrograph showing 
diffuse fibrosis with patchy scarring and honeycomb changes indistin-
guishable from usual interstitial pneumonia

Fig. 9.9  Asbestosis. At high magnification, the interstitial fibrosis 
includes fibroblast foci (arrow) typical of those commonly seen in usual 
interstitial pneumonia of unknown cause (i.e., idiopathic pulmonary 
fibrosis)

Fig. 9.10  Asbestosis. High-magnification photomicrograph showing a 
club-shaped asbestos body with a clear central core, a finding helpful in 
establishing the histologic diagnosis of asbestosis

Fig. 9.11  Asbestosis. High-magnification photomicrograph showing 
another example of an asbestos body with a beaded appearance. Note 
the clear, refractile central core that distinguishes asbestos bodies from 
other forms of nonasbestos ferruginous bodies
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�Coal Workers’ Pneumoconiosis

Coal workers’ pneumoconiosis (CWP) (Figs.  9.12, 9.13, 
9.14 and 9.15) occurs in reaction to inhaled coal dusts. 
Depending primarily on the silica content of the coal dust, 
CWP may be complicated by concomitant silicosis or mixed 
dust fibrosis. Simple CWP is characterized by a combination 
of dust macules and nodules with associated black coal dust. 
Complicated CWP is the term applied to those examples in 
which there is associated progressive massive fibrosis defined 
as conglomerate nodules measuring more than 1 cm in great-
est dimension. As with complicated silicosis, progressive 
massive fibrosis in CWP can be very extensive and associ-
ated with severe respiratory impairment.

Fig. 9.12  Coal workers’ pneumoconiosis (CWP). Cut surface of 
autopsy lung from a patient with CWP. There are numerous black pig-
mented macules and nodules with early complicated lesions measuring 
just over 1 cm in greatest dimension

Fig. 9.13  Simple CWP.  Specially prepared Gough section of thinly 
sliced lung showing darkly pigmented dust macules characteristic of 
simple CWP

a b

Fig. 9.14  Simple CWP. (a) Low-magnification photomicrograph showing a dust macule marked by deposits of black coal dust. (b) Higher-
magnification view showing black coal dust in a dust macule characteristic of simple CWP
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�Berylliosis

Berylliosis (Figs. 9.16 and 9.17) is a systemic disease caused 
by beryllium exposure. Chronic exposure may lead to pulmo-
nary interstitial fibrosis accompanied by non-necrotizing gran-
ulomas, causing a pattern of granulomatous inflammation 
indistinguishable from pulmonary sarcoidosis in some patients. 
Beryllium is not visible on tissue sections. Differentiation from 
sarcoidosis requires correlation with exposure history, clinical 
course, and radiologic findings. The beryllium lymphocyte 
proliferation test is available only in specialized centers. If the 
test is positive, it confirms the diagnosis in an exposed worker 
with granulomatous disease in a lung biopsy.

Fig. 9.15  Complicated CWP. Low-magnification photomicrograph of 
autopsy lung showing large area of progressive massive fibrosis in a 
patient with advanced CWP

Fig. 9.16  Berylliosis. (a) low-magnification view showing interstitial 
fibrosis associated with multiple non-necrotizing granulomas. In this 
example, many of the granulomas show prominent cytoplasmic inclu-
sions consisting of concentric calcifications (Schaumann bodies). 
Schaumann bodies are characteristic of the granulomas seen in berylli-
osis but are nonspecific and commonly seen in other granulomatous 
conditions such as sarcoidosis

Fig. 9.17  Berylliosis. A high-magnification view of a non-necrotizing 
granuloma consisting of histiocytes, multinucleated giant cells, and a 
rim of lymphocytes
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�Hard Metal Pneumoconiosis

Hard metal pneumoconiosis is a diffuse interstitial lung dis-
ease caused by exposure to hard metals such as cobalt, tung-
sten carbide, titanium, chromium, and nickel. Cobalt is 
considered the etiologic driver in most patients. A common 
feature of hard metal pneumoconiosis is the intra-alveolar 
accumulation of multinucleated macrophages and epithelial 
giant cells, which is the reason why the disease is often 
referred to as giant cell interstitial pneumonia (Figs.  9.18, 
9.19 and 9.20). Giant cell interstitial pneumonia is not 
pathognomonic, however, and also occurs in patients who 
lack evidence of cobalt exposure.

Fig. 9.18  Hard metal pneumoconiosis (giant cell interstitial pneumo-
nia). A low-magnification view showing patchy interstitial thickening 
and cellular infiltrates distributed in a bronchiolocentric fashion. At this 
low magnification, you can see numerous multinucleated giant cells, 
many of them with hyperchromatic nuclei

Fig. 9.19  Hard metal pneumoconiosis (giant cell interstitial pneumo-
nia). A higher-magnification view showing expansion of peribronchio-
lar interstitium by inflammation with prominent multinucleated giant 
cells composed of both epithelium and alveolar macrophages. The mul-
tinucleated epithelial giant cells are TTF-1 positive (not shown) and 
represent pneumocytes

Fig. 9.20  Hard metal pneumoconiosis (giant cell interstitial pneumo-
nia). High-magnification view showing intra-alveolar and surface epi-
thelial giant cells
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�Other Rare Types of Pneumoconiosis

Other rare types of pneumoconiosis include a pattern of dis-
ease resembling simple coal workers’ pneumoconiosis in 
workers exposed to aluminum dust (Figs.  9.21 and 9.22). 
Other inorganic particulates, including other metals, can 
occasionally cause occupational lung disease frequently 
characterized by the accumulation of a combination of dust 
macules and fibrosis.
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Fig. 9.22  Aluminum pneumoconiosis. High-magnification view of a 
dust macule showing macrophages containing finely granular, grayish-
brown particles characteristic of aluminum

Fig. 9.21  Aluminum pneumoconiosis. Low-magnification photomi-
crograph showing multiple dust macules in which peribronchiolar 
interstitium is expanded by prominent collections of dust-laden 
macrophages
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