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Learning objectives

Identify the exposure and cellular mechanisms driving mineral dust injury.

Differentiate coal workers” pneumoconiosis, silicosis and asbestosis by distribution and
morphology.

Connect fibrosis and pleural disease to clinical consequences and occupational risk.

Distinguish disease-associated neoplasia and infectious vulnerability.



Pneumoconiosis: A changing definition

Originally: Lung disease due to workplace inhalation of mineral dust.

The term now includes disease arising from chemical fumes and vapors.

The major fibrosing examples discussed here are coal dust, crystalline silica and asbestos.

e Worker-exposure regulation has reduced dust-related disease where implemented.

Occupational exposure is the unifying etiologic context.



Inhaled pollutants: Etiologic categories

Mineral dusts ] [ Organic dusts ] [ Chemical agents
e Coal dust: CWP and e Moldy hay and bagasse: e Fumes/vapors can produce
anthracosis Hypersensitivity pneumonitis asthma or bronchitis

e Severe exposures may cause
edema, ARDS or mucosal
injury

e Bird exposure: Bird breeder’s

e Silica: Silicosis
lung

e Asbestos: Fibrosis, pleural . e Not all pollutant injuries are
. . e Cotton, flax, hemp: Byssinosis . .
and malignant disease collagenous fibrosis



Occupational setting predicts the inhaled agent

Dust / fiber

Coal

Crystalline silica

Asbestos

Other mineral dust

Characteristic setting

Coal mining

Sandblasting, stone cutting, mining, casting

Insulation; Mining, milling,
installation/removal

Welding; Barium or tin mining

Potential lesion

Coal macules, nodules or PMF

Silicotic nodules or PMF

Asbestosis; Pleural and neoplastic effects

Siderosis, baritosis or stannosis



Why the same workplace does not cause identical injury

Exposure

Concentration and years
in the environment

Retention

Mucociliary and
macrophage clearance

Particle chemistry

Size, solubility and
cytotoxicity

-

Host response

Inflammation and
fibrogenesis

e Severity depends on retained dose, not merely job title.

e Individual predisposition affects which exposed workers develop disease.




Dust retention is cumulative

Ambient burden

Higher airborne dust
concentrations

-

Exposure duration

Repeated inhalation over years

Clearance

Effective clearance limits retained
load

e Impaired mucociliary clearance promotes particulate accumulation.

e Cigarette smoking increases retained dust by compromising clearance.




Particle size determines distal lung deposition

Large inhaled particles

More likely removed from
conducting airways

1-5 um particles

Reach terminal airways and air
sacs

Persistent deposition

Sustained epithelial and
macrophage contact

e The 1-5 um range is particularly important in fibrosing pneumoconioses.

e Size influences the anatomical site of retention and injury.




Solubility changes the injury phenotype

More soluble / cytotoxic J h Less soluble / persistent

e Some small, highly soluble particles act

: e Persistent particles can remain for years
rapidly

e Can provoke acute lung injury e Ongoing macrophage activation

e Short interval between heavy exposure and

e Collagenous fibrosis, exemplified by silicosis
symptoms



From airspace deposition to interstitial injury

Alveolar entry

Particles deposit in distal
lung

Tissue access

Epithelial uptake or
crossing

-

Cell contact

Interstitial macrophages
/ fibroblasts

Scarring

Inflammation and
collagen accumulation

e Particles may also drain to regional lymph nodes.

e Lymphatic transport can initiate responses to particulates or altered self-proteins.




Macrophage inflammasomes amplify inflammation

Phagocytosis

Particle uptake by
macrophages

-

Inflammasome

Innate immune signaling

Mediator release

Recruits inflammatory
cells

Fibroblast response

Sustained collagen
deposition

e Macrophages are central to the persistence of inflammatory injury.

e This pathway is explicitly implicated for silica and asbestos.




Smoking and host factors modify severity

e Smoking worsens the effects of inhaled mineral dust and impairs mucociliary clearance.

The interaction is especially important for asbestos-associated cancer.

Only a subset of exposed individuals develop clinically significant disease.

The textbook interprets this variation as evidence of host susceptibility.

Exposure history must include both work and tobacco smoking.



What progressive fibrotic disease does to the lung

Persistent dust

Continued injury
stimulus

Fibrotic scarring

Distortion of lung
architecture

Restrictive impairment

Reduced lung expansion

Vascular effects

Pulmonary hypertension
/ cor pulmonale

e Progression may persist after exposure ends in advanced coal dust disease or silicosis.




The three classic mineral-dust patterns

| Feature

Distribution
Signature

Major consequence

Coal dust

Upper-zone, respiratory
bronchiolar

Pigmented macules /
nodules

Progressive massive
fibrosis

Crystalline silica

Upper-zone nodules, hilar
nodes

Whorled collagen nodules

Progressive fibrosis; TB
risk

Asbestos

Lower-lobe and subpleural

Interstitial fibrosis and
asbestos bodies

Fibrosis, pleural disease,
cancers



Coal workers’ pneumoconiosis: Defining exposure

Inhalation of coal particles together with admixed mineral dust causes CWP.

e The spectrum runs from incidental anthracosis to complicated CWP.

e Contaminating silica favors progression to more severe disease.

e Coal dust itself is implicated in the development of complicated lesions.

CWP severity correlates with the retained dust burden.



Coal dust disease: A morphological continuum

Anthracosis

Pigment only; Often silent

Simple CWP

Coal macules and nodules

Complicated CWP

Progressive massive fibrosis

e Some coal workers also develop chronic bronchitis and emphysema independently of smoking.

e The morphologic stages differ in functional impact.




Anthracosis is pigment deposition, not automatically disease

Carbon pigment in macrophages

Peribronchiolar focus

Original editable schematic — not a histologic specimen or micrograph

Morphologic interpretation

e Carbon-laden macrophages
collect beside lymphatics.

e Pigment also accumulates in
peribronchial lymphoid tissue and
hilar nodes.

e May occur in urban dwellers and
tobacco smokers.



Coal macules are the lesion of simple CWP

Coal macules measure approximately 1-2 mm.

e They consist principally of carbon-laden macrophages.

e Dust is concentrated close to respiratory bronchioles.

e Macules are far smaller than the scars of progressive massive fibrosis.

Size and degree of collagen deposition distinguish macules from larger lesions.



Coal nodules add a collagenous framework

Coal macule J h Coal nodule
e Carbon-laden macrophages dominate e Larger lesion in simple CWP
e Approximately 1-2 mm e Contains dust-laden macrophages

e Limited supporting collagen e Delicate collagen network is present



Why simple CWP causes centrilobular emphysema

Peribronchiolar dust

Macules near respiratory
bronchioles

Adjacent airspace dilation

Alveoli progressively enlarge

Centrilobular emphysema

Local anatomical airspace
remodeling

e Emphysematous change can coexist with coal macules.

e Functional findings vary with disease burden and associated airway disease.




Coal disease preferentially involves upper lung zones

Upper lung zones

Upper-lobe macules

Upper lower-lobe zones

Lower lung zones / subpleura
)

Relatively less prominent

Not the initial dominant zone

~




Progressive massive fibrosis: Large black scars

Complicated CWP arises on a background of simple CWP, usually after years.

e Multiple intensely black fibrotic scars are typically >1 cm.

e The scars may reach approximately 10 cm in greatest diameter.

Histology shows dense collagen intermingled with abundant carbon pigment.

PMF is a scarring process, not simply increased pigment deposition.



Why progressive massive fibrosis may necrose centrally

Large fibrotic mass

Dense, collagen-rich black scar

Local perfusion reduction

Ischemic injury within scar

Central necrosis

Necrotic center may be present

e |ocal ischemia as the probable cause of central necrosis.

e Do not interpret every necrotic mass as infection without clinical evaluation.




The clinical course of coal workers’ pneumoconiosis

Simple CWP J h Complicated CWP
e Usually benign and asymptomatic e A minority progress to PMF
e Little decrement in lung function * Increasing pulmonary dysfunction

e Macules, nodules + local emphysema e Pulmonary hypertension; Cor pulmonale



Advanced coal fibrosis can progress after exposure ends

Heavy retained burden

Insoluble particulate persistence

Established PMF

Large dense fibrotic scars

Ongoing progression

Functional deterioration despite
cessation

e Exposure reduction prevents additional dust deposition.

e Established progressive massive fibrosis may continue to worsen.




Coal dust, tuberculosis and cancer: Distinguish associations

| Clinical association

Tuberculosis
Lung cancer

Post-exposure course

Coal workers’ pneumoconiosis Silicosis

No convincing increased susceptibility  Increased susceptibility

No predisposition shown without

smoking Approximately twofold increased risk

PMF may continue to progress Fibrotic disease can continue to progress



Case 1: Coal dust exposure and progressive dyspnea

Clinical vignette Discuss

A former coal miner has upper-zone abnormalities
and dark fibrotic pulmonary masses. Lung function
has deteriorated gradually over several years,
although he no longer works underground.

e Which stage of coal dust
disease is most likely?

e What lesion explains the
progressive dysfunction?

e Can disease advance despite
cessation?



Case 1: Diagnostic reasoning

e The combination of a long coal-mining history and large black scars favors complicated
CWP.

e Progressive massive fibrosis is the structural lesion underlying pulmonary impairment.

e Scars are collagenous and heavily pigmented, and may contain central necrosis.

e Fibrosis may worsen even after occupational exposure stops.

Correlation of exposure, distribution and lesion architecture is essential.



Silicosis: Crystalline silica is the primary exposure

e Silicosis results from inhalation of inflammatory crystalline silicon dioxide.

e Quartz, cristobalite and tridymite are fibrogenic crystalline polymorphs.

e Quartzis the form most often implicated.

e Conventional chronic disease develops slowly as nodular pulmonary fibrosis.

Crystallinity strongly influences the fibrogenic response.



Silica exposure is not confined to mining

[ Extraction / fabrication ][ Construction ][ Other processes

i e Concrete demolition and e Sandblasted denim
e Hard-rock mining :
repair manufacture
e Metal casting and foundry e Road and building e Jewelers working with chalk
work rehabilitation molds

e Finely divided dust

e Stone cutting and carving e Sandblasting generation



Crystalline silica is more fibrogenic than amorphous forms

Crystalline silica J h Amorphous silicates
e Quartz is most commonly implicated e Generally less biologically active
e Cristobalite and tridymite are additional e Heavy retained burdens can still injure the
polymorphs lung

e Mineral coating may modify the silica

e Strong macrophage inflammatory stimulus
response



Silica activates the macrophage inflammasome

Silica crystal uptake

Alveolar macrophage
phagocytosis

Inflammasome
activation

Innate inflammatory
signaling

IL-1 and IL-18

Mediator release

Fibroblast activation

Collagen deposition /
nodules

e Macrophage-mediated inflammation connects silica exposure to collagenous fibrosis.




Sustained silica exposure produces collagenous scars

Repeated particle
retention

Persistent crystalline
silica

Ongoing inflammation

Macrophage cytokine
release

Collagenous nodules

Discrete and coalescent
scars

Progressive fibrosis

Mass formation with
architectural distortion

e Disease can progress even when subsequent exposure is eliminated.




Chronic silicosis begins with discrete upper-zone nodules

Early nodules are small, pale or dark when coal pigment is admixed.

e Upper lung zones and hilar lymph nodes are preferentially involved.

e Nodules enlarge and coalesce into hard collagenous scars.

Advanced disease may involve pleura and develop progressive massive fibrosis.

The upper-lobe nodular pattern differs from basal asbestosis.



The silicotic nodule: Whorled central collagen

Concentric / whorled collagen Morphologic interpretation
o ® o
o o
e Dense whorled collagen forms the
o o
nodule center.
o o
® ® e Dust-laden macrophages form a
® ® peripheral zone.
o o
[ ) () e Nodules may eventually coalesce
® o © into broad scars.

Dust-laden macrophages at periphery

Original editable schematic — not a histologic specimen or micrograph



Polarized microscopy can reveal retained silicates

Routine light microscopy J h Polarized microscopy

e Concentric / whorled collagen e Weakly birefringent silicate particles

e Provides evidence of retained particulate

e Pigment-laden peripheral macrophages material

e Discrete nodules or coalescent lesions e Interpret within the exposure history



Silica reaches hilar lymph nodes

Inhaled silica

Deposited in distal lung

Lymphatic transport

Particles in migrating
macrophages

Hilar lymph nodes

Nodular fibrosis /
mineral deposition

Peripheral calcification

Potential “eggshell”
appearance

e Eggshell calcification is characteristic but is not claimed to be universally present.




Complicated silicosis produces coalescent upper-zone scars

e Collagenous nodules may enlarge and merge into extensive dense fibrosis.

e Large lesions can contract affected upper lung zones.

Central softening or cavitation may follow ischemia or superimposed tuberculosis.

The same clinical end-stage term, progressive massive fibrosis, is also used in CWP.

Central cavitation requires consideration of tuberculosis.



Silicosis varies markedly by exposure intensity

| Clinical pattern

Chronic
Accelerated

Acute

Approximate onset

10-30 years after exposure

Within 10 years

Weeks to months

Characteristic context

Most common; Slowly progressive nodular
disease

Greater or more intense exposure

Exceptionally heavy fine crystalline-silica
exposure



Acute silicosis can resemble alveolar proteinosis

Intense silica exposure

Large burden of fine crystalline
particles

Rapid injury

Weeks to months

Alveolar filling

Abundant lipoproteinaceous
material

e The material is morphologically similar to that in pulmonary alveolar proteinosis.

e This acute phenotype is distinct from slowly developing nodular silicosis.




Radiographic and physiologic evolution of silicosis

Early chronic disease J h Progressive disease
e Fine upper-zone nodularity on radiographs e Expanding / coalescent fibrotic masses
e Normal or moderately affected lung function * Increasing functional impairment

e Often few symptoms e Dyspnea becomes more prominent



Why silicosis predisposes to tuberculosis

Crystalline silica

Macrophage uptake

Impaired killing

Reduced clearance of ingested
mycobacteria

Tuberculosis susceptibility

Increased infection risk

e The source proposes impaired macrophage mycobactericidal function as a mechanism.

e Tuberculosis must be considered when silicotic lesions cavitate.




Silicosis is associated with lung carcinoma

Source-reported association Biologic interpretation
<2 X Chronic injury
Higher lung cancer risk in people with Inflammation may promote carcinoma
silicosis development

Association cited; Mechanism not fully established.



Case 2: Upper-lobe nodules in a stone cutter

Clinical vignette Discuss

A stone cutter develops slowly progressive dyspnea
years after frequent dust exposure. Imaging reveals
numerous upper-zone nodules and peripheral
calcification of some hilar lymph nodes.

e Which pneumoconiosis is
most likely?

e What is the characteristic
nodule architecture?

e Which infection deserves
special attention?



Case 2: Characteristic diagnostic clues

Silicosis is favored by crystalline-silica exposure and upper-zone nodular disease.

The hallmark histologic lesion has centrally whorled collagen and a rim of dust-laden
macrophages.

Hilar lymph-node fibrosis may yield eggshell calcification.

Silicosis is linked to increased susceptibility to tuberculosis.

Exposure and the whorled collagen nodule are more discriminating than symptoms alone.



Asbestos exposure has both fibrotic and malignant outcomes

e Asbestos is a group of fibrogenic hydrated silicate minerals with a crystalline structure.

e Exposure can affect pulmonary parenchyma, pleura and several cancer sites.

e Common settings include mining, manufacturing, insulation and removal work.

e Long latency complicates retrospective identification of the exposure.

An asbestos history must trigger assessment of pleural as well as interstitial disease.



Two asbestos fiber families have different geometry

Serpentine: Chrysotile J h Amphiboles

e Flexible, curved fibers o Stiff, straight fibers

e More easily trapped in upper airway

passages e Penetrate more deeply into distal airspaces

e Relatively soluble and cleared from tissues e Greater persistence and pathogenicity



Why amphibole fibers are generally more pathogenic

Fiber alighment

Straight stiff fibers follow
the airstream

-

Deep penetration

Distal lung / interstitium

Persistence

Lower tissue solubility

-

Inflammation /
neoplasia

Fibrotic and carcinogenic
responses

e The source emphasizes particular mesothelioma risk with amphibole exposure.




Chrysotile and amphiboles both cause fibrosis

e Chrysotile accounts for most historical industrial asbestos usage.

Its curled form and higher solubility favor airway trapping and gradual tissue removal.

Amphibole fibers are more durable and readily reach the interstitium.

Both major fiber families are fibrogenic; Greater dose increases risk.

Relative potency must not be mistaken for safety of chrysotile.



Asbestos first injures small airway bifurcations

Fiber deposition

Bronchiolar / ductal
bifurcations

Epithelial contact

Direct cytotoxic injury

Macrophage uptake

Persistent cellular
activation

-

Interstitial response

Inflammation and
fibrosis

e |nitial peribronchiolar injury later spreads to adjacent alveoli.




Asbestos activates inflammation and profibrotic signaling

Asbestos fiber

Macrophage
phagocytosis

Inflammasome

Proinflammatory
activation

ROS + mediators

Proteases, cytokines,
growth factors

Fibroblast response

Progressive interstitial
fibrosis

e Both alveolar and interstitial macrophages participate.




Asbestos fibers also have oncogenic properties

Persisting fibers

Local tissue interaction

Reactive radicals

Oxygen / nitrogen
species

DNA-damaging milieu

Initiator/promoter
effects

Malignant disease

Lung carcinoma /
mesothelioma

e |ron within the fibers contributes to radical-generating reactions.

e Carcinogens adsorbed on fibers may contribute to tumor promotion.




Tobacco smoke intensifies asbestos-associated lung cancer

Asbestos alone Asbestos + smoking

5-fold 55-fold

Lung cancer risk in one study of

exposed workers Risk reported in the same study

Historical textbook example from a single cited study; Not a universal risk prediction.



Asbestos-related conditions span six categories

Pulmonary ] [ Pleural ] [ Extrapulmonary cancer ]

e Pleural plaques and diffuse

e Asbestosis: Interstitial fibrosis e Laryngeal cancer

fibrosis
e Lung carcinoma e Recurrent effusions e QOvarian cancer association
e Progressive respiratory e Mesothelioma (pleural / e Other sites considered in

impairment peritoneal) source



Asbestosis is diffuse interstitial fibrosis

e Parenchymal scarring starts around respiratory bronchioles and alveolar ducts.

e Fibrosis extends into adjacent alveolar sacs and alveolar septa.

e Progressive distortion can produce thick-walled enlarged airspaces and honeycombing.

Its morphology can resemble other interstitial fibrosing disorders.

The exposure context and asbestos bodies help establish asbestos-related fibrosis.



Interstitial fibrosis progresses from bronchioles to alveoli

Bronchiolar fibrosis

Initial peribronchiolar
injury

Alveolar involvement

Fibrosis extends into
alveolar sacs

Architectural
distortion

Distal airspaces enlarge

Honeycomb change

Fibrous-walled residual
airspaces

e The distribution is characteristically basal and subpleural in asbestosis.




Asbestos bodies are iron-coated mineral fibers

Iron—protein coating Morphologic interpretation

Golden-brown beaded or fusiform
structures.

e Translucent internal fiber, with
knobbed ends.

e Coating consists of iron-containing
proteinaceous material.

Beaded, knob-ended rod

Original editable schematic — not a histologic specimen or micrograph



An asbestos body is a subset of ferruginous bodies

Asbestos body J h Ferruginous body
e Asbestos fiber coated with iron—protein e Descriptive term for a similarly coated
complexes inorganic particle
e Golden-brown beaded rod e May form around other dust materials

e Do not equate all ferruginous bodies with

e Helpful in asbestos-related tissue injury asbestos



Pleural plaques are an exposure marker

e |Localized plaques are the most common manifestation of asbestos exposure.

e They consist of sharply demarcated dense collagen, often calcified.

Typical sites are the parietal pleura and diaphragmatic domes.

e Plaques are usually asymptomatic and lack identifiable asbestos bodies.

Pleural plague burden does not reliably quantify exposure dose.



Asbestos can cause other benign pleural lesions

Pleural effusions j h Diffuse visceral pleural fibrosis

e May recur e Relatively uncommon

e Advanced fibrosis may tether the lung to

e Often serous; May be bloody chest wall

e Part of the asbestos-related spectrum e Distinguish from localized parietal plaques



Anatomical contrast: Upper versus lower lung predominance

Upper lung zones Lower lung zones / subpleura

~

Coal-related lesions Asbestosis

Silicotic nodules Subpleural fibrosis




Asbestosis usually has a long clinical latency

Interval after initial exposure Clinical implication
Rarely <10 years Early clinical asbestosis is uncommon
Often 20-30 years Exertional dyspnea may first appear

Later course Rest dyspnea, respiratory failure or cor pulmonale



Symptoms and radiology reflect diffuse fibrosis

Symptoms J h Imaging

e Progressive exertional dyspnea e Irregular linear densities in lower lobes

e Possible honeycomb pattern in advanced

e Later dyspnea at rest disease

e Sputum production more often reflects

) e Pleural plaques as circumscribed densities
smoking



Asbestosis may culminate in cor pulmonale

Vs

Widespread interstitial
fibrosis

Progressive alveolar
architectural distortion

~\

Vascular narrowing

Trapped / narrowed
pulmonary arterioles

Pulmonary
hypertension

Elevated pulmonary
vascular pressure

Cor pulmonale

Right-sided cardiac
consequences

e Advanced disease may progress to respiratory failure and death.




Cancer risk must be assessed separately from fibrosis

Lesion Anatomic origin Teaching distinction
Lung carcinoma Pulmonary epithelial malignancy Smoking acts synergistically with asbestos
Pleural or peritoneal mesothelial Amphiboles have particularly strong

Mesothelioma ..
cells association

Localized collagenous pleural

. . Benign, often incidental exposure marker
fibrosis

Pleural plaque



Household contacts can have asbestos exposure

e Family members of exposed workers may encounter asbestos brought from occupational
settings.

e The source notes elevated asbestos-related cancer risk in such contacts.

The burden of exposure should be assessed from a detailed history.

e Occupational prevention and exposure reduction remain essential.

Absence of direct employment in an asbestos industry does not exclude exposure.



Case 3: Basal interstitial disease and pleural plaques

Clinical vignette Discuss

An older former insulation worker reports exertional
dyspnea years after leaving his job. Imaging shows
bilateral lower-zone linear interstitial opacities and
calcified pleural plaques.

e Which occupational
exposure is most probable?

e What microscopic inclusion
can support the diagnosis?

e What two major
malignancies are
associated?



Case 3: Correlate exposure, distribution and lesion

Asbestos exposure is suggested by prior insulation work and pleural plaques.

e Asbestosis favors lower lobes and subpleural lung.

e |ron—protein-coated asbestos bodies may be present in fibrotic parenchyma.

Associated malignancies include lung carcinoma and malignant mesothelioma.

Plaques support exposure; They are not synonymous with parenchymal asbestosis.



Comparison: Morphological recognition

Entity

Simple CWP

Silicosis

Asbestosis

Pleural plaque

Dominant histologic finding

Carbon macules / delicate collagen nodules

Central whorled collagen with dust rim

Diffuse fibrosis + asbestos bodies

Circumscribed dense collagen # calcification

Typical site

Respiratory bronchioles,
upper zones

Upper lung; Hilar nodes

Basal and subpleural lung

Parietal pleura / diaphragm



Exposure-focused diagnostic reasoning

History

Job tasks, duration, dust
and smoke

Distribution

Upper nodules vs basal
fibrosis

Morphology

Coal pigment, silicotic
nodules, asbestos bodies

Complications

Tuberculosis, PMF,
pleura and cancer

e This is a source-informed reasoning framework—not a formal diagnostic guideline.

e Evaluate comorbid smoking-related disease when interpreting symptoms.




Three complications with different implications

Progressive massive fibrosis

[ Tuberculosis

]

Malignhancy

: e e |ncreased susceptibility in
e Coal disease and silicosis e P y
silicosis

e May cause cavitation of

e Dense confluent fibrotic scars
nodules

e Can progress despite e Not shown convincingly for
cessation CWP

e Silica: Elevated lung cancer
association

e Asbestos: Lung carcinoma,
mesothelioma

e Smoking strongly amplifies
asbestos risk



Integrated clinical challenge

Clinical vignette Discuss

Three workers present with chronic dyspnea: (A) a
coal miner has pigmented peribronchiolar macules;
(B) a sandblaster has upper-lobe whorled collagen
nodules; (C) an insulation installer has lower-lobe
interstitial fibrosis with pleural plagues.

e Assign the most likely
diagnosis for A, B and C.

e Which worker has increased
tuberculosis risk?

e Which should prompt
specific attention to
mesothelioma?



Integrated challenge: Answers

e A: Simple coal workers’ pneumoconiosis—carbon-laden macules near respiratory
bronchioles.

e B: Silicosis—whorled silicotic nodules; Increased susceptibility to tuberculosis.

e C: Asbestos-related disease—asbestosis with pleural plaques.

e Asbestos exposure is strongly associated with malignant mesothelioma.

The exposure—distribution—morphology triad gives the core differential.



Pneumoconioses: Mechanistic synthesis

Retained particles

Dose, size, persistence
and clearance

-

Macrophage signaling

Inflammasome and
inflammation

Fibrotic remodeling

Collagen nodules /
interstitial scarring

Clinical consequences

Restriction, vascular and
neoplastic effects

e Fibrotic lesions remain anatomically and etiologically distinct across dust types.




Essential distinctions to retain

e Coal dust: Macules and nodules may progress to large black scars and cor pulmonale.

e Crystalline silica: Whorled collagen nodules, upper-zone disease and tuberculosis
susceptibility.

e Asbestos: Basal subpleural interstitial fibrosis, pleural plaques and mesothelioma
association.

e Fiber chemistry, retention, macrophage activation and smoking modify the outcomes.

Use occupational history and morphology together; Neither alone is always sufficient.



Primary reference

e Robbins, Cotran & Kumar: Pathologic Basis of Disease, 11th edition (2026).

e The Lung: Pneumoconioses, Chapter 15.

e Related source illustrations: coal-dust progressive massive fibrosis; silicotic nodules;
asbestos bodies and pleural plaques.

The original textbook micrographs should be consulted alongside these editable morphological schematics.
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