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Preface

The Industrial Revolution has led to human exposure to newer substances, which may be a
risk factor for occupational lung diseases. Occupational lung diseases (OLD) are a broad
group of work-related diseases occurring in a variety of occupations and presenting with a
wide range of diseases, from asthma to more severe conditions like pulmonary fibrosis and
mesothelioma. These diseases are a significant but often under-recognized and
preventable cause of morbidity and mortality worldwide. Since the symptoms can be easily
mistaken for those of non-occupational lung diseases, identifying the work-related cause
is crucial for clinicians, public health professionals, and policy makers. This information
enables them to formulate effective preventive, diagnostic, treatment and compensation
strategies for workers. So OLD should be considered in the differential diagnosis of almost
every case of a chronic pulmo-pleural disease, thus highlighting the importance of a proper
occupational history. Aim: the primary aim of the guidelines is to take care of the need of
medical students, general practioners, postgraduate trainees, clinicians and occupational
health regulators in prevention, diagnosis, management and compensation of workers
with OLD.

Prof. Mohammad Yousaf Khan (Chairman)

MBBS, FCPS (Medicine), MCPS (Pulmonology), FCPS (Pulmonology)
Professor (R) of Pulmonology
Lady Reading Hospital Peshawar, Pakistan.
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Message by the President
Pakistan Chest Society

Occupational lung diseases continue to pose a significant
yet under-recognized health burden in Pakistan. These
guidelines highlight the importance of occupational
exposure assessment, early diagnosis, preventive
strategies, and appropriate management. PCS reaffirmsits
commitment to promoting workplace respiratory health
through education, advocacy, and standardized clinical
practice.

Prof. Shereen Khan

President
Pakistan Chest Society




Message by the Chairman
Guideline Committee, Pakistan Chest Society

It is my privilege to present the Guidelines for the
Management of Occupational Lung Diseases developed
by the Pakistan Chest Society. Occupational lung diseases
represent an important yet frequently underrecognized
cause of respiratory morbidity in Pakistan, particularly
among workers exposed to dust, industrial chemicals,
fumes, and other hazardous agents in sectors such as
mining, construction, manufacturing, and agriculture.
Chronic occupational exposure can lead to a range of

respiratory conditions including pneumoconiosis, occupational asthma, hypersensitivity
pneumonitis, and chronic obstructive pulmonary disease. These guidelines have been
developed by the Working Group for Occupational Lung Diseases under the chairmanship of
Prof. Mohammad Yousaf Khan and after reviewing current international evidence and
adapting it to the local occupational and healthcare context. The document provides
practical recommendations on risk identification, early diagnosis, clinical evaluation, and
evidence-based management of common occupational lung diseases, while emphasizing
the importance of preventive strategies and workplace safety. By promoting a standardized
approach to recognition and management, these guidelines aim to improve early detection,
enhance patient care, and reduce the burden of occupational respiratory diseases in
Pakistan.

Prof. Muhammad Ashraf Jamal

Chairman Guideline Committee
Pakistan Chest Society
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Introduction

Author:Dr. Mohammad YousafKhan

Common Occupational Lung Diseases
Some of the common occupational lung diseases discussed in the guidelines include:

Hypersensitivity pneumonitis: An allergic reaction to a specific substance, such as a
chemical, protein, or organism.

Occupational asthma: an immune response to a sensitizing agent cause airflow limitation
andshortness of breath.

Asbestosis: Alungdisease causedbyinhalingasbestos fibres.

Mesothelioma: Alungdisease that can cause pleural effusionand thickening.

Coal worker's pneumoconiosis: Also known as black lung disease, this lung disease is caused
byinhaling coal dust.

Silicosis: A lung disease caused by inhaling silica, a mineral found in sand, quartz, and other
rocks.

Bagassosis: An interstitial lung disease, a type of hypersensitivity pneumonitis, caused by
inhalation ofthe fibrous cane-sugarresidue, bagasse.

Byssinosis: Also known as brown lung disease, this lung disease is caused by inhaling dust
fromhemp, flax, and cotton processing.

Aluminosis: A rather uncommon lung disease caused by exposure to aluminium dust and
fumes. Itis clinically important because exposure to aluminium dust may induce awide range
of pulmonary pathologies, including pulmonary granulomatosis, pulmonary fibrosis,
pulmonary alveolar proteinosis, and desquamativeinterstitial pneumonia.

Legislative framework for employees' safety and health from occupational health
diseases

Pakistan has a number of laws that address occupational safety and health, including the
Factories Act, 1934, the Mines Act, 1923, and the Dock Labourers Act, 1934. Factories Act,
1934, requires factories to maintain clean and safe working conditions and adequate
ventilation, lighting, and sanitation facilities. It also requires machinery to be properly
maintained and guarded.

MinesAct, 1923 focuses on safety measuresinthe miningsector.

DockLabourers Act, 1934 protects the safety of workers employedindockareas.

OtherRelated Laws:
Workmen CompensationAct, 1923

Khyber Pakhtunkhwa Workers' Compensation Act, 2013

Sindh Workers Compensation Act, 2016

Occupational safety and health legislation by provinces: Sindh (2017), Punjab (2019),
Khyber Pakhtunkhwa (2022), and Balochistan (2022). Occupational safety and health
standards are a set of rules, guidelines, and measures that aim to protect workers' physical
safety, health, and socialand economicwell-being.




Mechanisms for implementing laws and regulations regarding workers' safety at the
workplace
Mechanisms for enforcement of compliance with the laws and regulations include the

following:

1. Systemfor supervisionandinspection of workers

2. Number ofinspectors, inspectionvisits,andreports

3. Support mechanism for progressiveimprovement of occupational safety and healthin

accordance with the nationaland provinciallaws and regulations

Current situation of occupationallung diseasesin Pakistan
In the twentieth century, occupational lung diseases were the problem commonly faced by

workers in developed countries. In developing countries like Pakistan, workers still face
unregulated and unprotected exposure to occupational hazards. The difference now is that
developing country workers are being exposed when risk and preventive measures are
established, health surveillance strategies are well known, laws and regulations exist, and
mechanisms for implementation are there. The problem is that most developing countries
are complacent to therule oflaw and good governance regarding workers' safety and health.
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Prevention

Author:Dr. Saadia Ashraf

Occupational lung diseases (OLDs) remain a significant yet preventable cause of morbidity
and mortality worldwide. In Pakistan, rapid industrialization, informal labor structures, and
weak enforcement of occupational health laws have created conditions where preventable
respiratory diseases continue to affectlarge numbers of workers.

This chapter provides comprehensive preventive strategies for major occupational lung

diseases:

«  Work-relatedasthmaand COPD

«  Hypersensitivity pneumonitis (HP)

. Silicosis

«  Coalworkers'pneumoconiosis (CWP)

»  Asbestosisand mesothelioma

«  Byssinosis(cottondustdisease)

«  Bagassosis(sugarcanefibre hypersensitivity)

*  Aluminosis

Emphasisisplaced on:

1. Thehierarchyofcontrolsasaframework.

2. Common,feasible,and cost-effective measuresinresource-limited settings.

3. Integration of prevention into public health surveillance and existing health
structures.

4. ContextualrealitiesinPakistan, where enforcementandresourcesarelimited.

TheHierarchy of Controls
Elimination — Substitution — Engineering— Administrative — PPE.
«  Elimination: Remove hazardous processesaltogether (e.g.,banningasbestosuse).

«  Substitution: Replace with safer materials (e.g., synthetic fibers for cotton,
sandblastingalternatives).

«  Engineeringcontrols: Local exhaust ventilation (LEV), wet suppression, enclosure.

« Administrative controls: Rotating tasks, limiting shifts in dusty environments,
enforcingwet cleaning.

. Personal Protective Equipment (PPE): Respirators, protective clothing.

PPE is the last line of defense, nof the first.
In Pakistan, reliance on masks alone without
engineering or administrative measures is

common but ineffective.

Figure 1 Hierarchy of Controls Pyramid.
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General Preventive Approaches
Engineering Controls
Wet suppression: Continuous water spray atdrilling, cutting, or grinding points.

Local exhaust ventilation (LEV): Capture hoods near dust/fume sources.

Enclosure: Sealing high-dust operations.

Cross ventilation: Simple roof vents or side openingsinbrick kilns, cotton mills, stone cutting
yards.

5. Stack —— | X

Basic components of a Local Exhaust Ventilation (LEV) system:hood, ducting, fan, andfilter.
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Figure 2 Examples of ventilation strategies.

Administrative Controls
. Dusty tasks scheduled duringnon-peak hours.

. Rotatingworkers betweenlow-andhigh-exposure tasks.
. Prohibiting dry sweeping.
. Training programs and signage with pictograms for workers with limited literacy.

Personal Protective Equipment (PPE)
. Filtering facepiecerespirators (N95, P2, P3): Minimum for dusty workplaces.

. Reusable elastomeric half-maskrespirators: Cost-effectivelong-term.
. Powered air-purifyingrespirators (PAPR): For very dusty environments.
. Fittesting & seal checks essential for effectiveness.

TYPES OF RESPIRATORY PROTECTION




Table 1 : Respiralor types, protection factors, suitabifity.

Respirator
Type

Filtering
Facepiece
Respirator
(FFR) (e.g..
N95, N9G,
N100; P95,
P100)

Elastomeric
Half-Mask
Respirator

Full-Facepiece

Elastomeric
Respirator

Powered Air-
Purifying
Respirator
(PAPR)

Supplied-Air
Respirator
(SAR) or
SCBA

Respirator
Type

Filter/Cartridge

Disposable filter

media

Replaceable
P100 filters

Replaceable
P100 or
combination
cartridges

High-efficiency
filters
(HEPA/P100)

External air
supply /
compressed
cylinder

Assigned
Protection

Factor (APF*)

10

10

50

25-1000
(depending on
configuration)

Filter/Cartridge Protection

Typical Use
Cases

Moderate dust

Limitations / Caveats

Must be fit-tested; poor

(e.g., cotton mills, seal with facial hair; not

bagasse,

reusable; not effective

construction dust) against gases/vapors

Higher dust
exposure (e.g.,

High dust,
asbestos
removal, welding
fumes

Very high dust
environments,
silicosis risk
industries

Extreme hazard
situations (e.g.,

1000 ﬂreﬁghting.
confined spaces,
asbestos
abatement)

Assigned Typical Use
Factor (APF?) ©25€S

stone cutting,
flaur milling)

Requires cleaning &
storage, heavier than
FFR

Provides eye protection;
communication difficult;
heavier

Expensive, requires
battery
charging/maintenance

Costly, heawy, requires
training; not suitable for
routine use in Pakistan's
informal sector

Limitations f Caveats

*APF = Assigned Protection Factor as defined by OSHA/NIOSH (represents the workplace level
of respiratory protection a respirator is expected to provide when properly fitted and used).

In resource-limited Pakistani settings,
reusable elastomeric half-mask respirators
with P100 filters are the most cost-effective
and sustainable option, compared with
disposable N95s that are often reused
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Disease-Specific Preventive Strategies
1. Work-related Asthma & COPD
«  Elimination/substitution of sensitizers (e.g., low-VOC paints, enzyme substitutes).

»  Enclosures for spray-paint booths.

»  Adequate ventilation in welding and spray painting.
»  Worker education on early reporting of symptoms.
. Pre-employment and periodic spirometry.

2. Hypersensitivity Pneumonitis (HP)
»  Moisture control in cotton, bagasse, hay storage.

. Enclosure and Local Exhaust Ventilation in grain processing mills.
«  Substitution of microbial-contaminated materials.
«  PPE during high-exposure tasks (filtering respirators).

L%

Figure 3: Storage ventilation schematic for preventing mold growth.

3. Silicosis

«  Wetdrilling and on-tool misting.

LEV capture hoods in stone cutting and construction.

No sandblasting with silica sand (promote steel grit substitutes).
Periodic chest radiography (ILO classification).

Symptom screeningintegrated into TB programs.

Silicosis prevention in Pakistan requires urgent
banning of dry stone cutting and promotion of
wet methods. "No dry stene cuiting” should be
enforced nationally,

4. Coal Workers' Pneumoconiosis (CWP)

. Dust suppression using water sprays in mining.

«  Ventilation shafts and mechanical exhausts.

«  Continuous Personal Dust Monitors (CPDM) for high-risk mines.
«  Annual chest X-ray and spirometry.

14




5. Asbestosis and Mesothelioma
«  Banonimport and use of asbestos (lagging, brake linings).

«  Safe asbestos removal protocols.
«  Use of high-efficiency respirators (PAPR, full-face).
«  Surveillance: annual chest radiograph, HRCT if abnormal.

6. Byssinosis (Cotton Dust Disease)
. Humidification and ventilation in cotton mills.

. Dust suppression at carding machines.
«  Taskrotation to limit exposure.
. Spirometry every 6-12 months.

7. Bagassosis
«  Prevent damp storage of sugarcane bagasse.

» Improve bagasse ventilation.
«  Health surveillance for HP symptoms.
. PPE during handling.

8. Aluminosis
Enclosure and LEV in aluminum processing.

Avoid dry grinding/polishing.
PPE with high-efficiency filters.

Surveillance and Screening
Surveillance by hazard (baseline, periodic, referral triggers).
«  Silica: Spirometry + chest X-ray every 6-12 months.

»  Coal dust: Annual chest X-ray and spirometry.
«  Asbestos: Radiography every 12 months, HRCT for suspected disease.
«  Cotton dust: Spirometry every 6-12 months.

Common and Doable Strategies in Resource-Limited Settings

Wet sweeping/mopping instead of dry sweeping.

Locally fabricated LEV systems using exhaust fans and ducting.
Bucket and hand-sprayer wetting for drilling/cutting stones.
Reusable elastomeric respirators instead of disposable N95s.
Community spirometry camps using portable devices.

TB van linkages for chest radiographs.

Posters with pictograms for illiterate workers.

Peer safety champions in small workshops.

® N U R WD

in Pakistan, the biggest gains can be made by
enforcing just three measures:

(1) Banning dry sweeping

(2) Mandating wet stone cutting

(3) Introducing reusable respirators

15




Policy and Legal Framework
« ILO Conventions on Occupational Safety Health and silicosis

«  Pakistan Factories Act (1934) - outdated and poorly enforced.

«  Need for national occupational exposure limits (OELS)

« aligned with american conference of governmental industrial hygienists (ACGIH).
« Integration with TB programs due to silico-TB overlap.

« National surveillance registry for OLDs.

Summary
Occupational lung diseases are preventable but neglected in Pakistan.

The Pakistan Chest Society recommends:

« Implementation of the hierarchy of controls.

»«  Emphasis on engineering and administrative measures, supported by PPE.

«  Adoption of simple, low-cost interventions feasible in resource-limited settings.
« Integration with TB programs for surveillance.

»  Stronger policy enforcement and ban on asbestos and dry stone cutting.

Quick Reference: Preventive Measures at a Glance.

Disease Key Hazard Top Preventive Measures

Silicosis Respirable crystalline silica wgﬁr?lzgg(‘eg LEV, reusable respirators,
Water sprays, ventilation shafts, annual

cwp Coal dust surveillancg

Material ban, safe removal, full-face

Asbestosis Asbestos fibers respirators

Humidification, dust suppression,

Byssinosis Cotton dust spirometry
Bagassosis Moldy sugarcane fiber Ventilation, storage management, PPE
References:

1. World Health Organization. Occupational health: A manual for primary health care
workers. Geneva: WHO; 2001.

2. International Labour Organization. Safety and health in mines convention (No. 176).
Geneva: ILO; 1995.

3. National Institute for Occupational Safety and Health (NIOSH). Workplace safety and
health topics. Centers for Disease Control and Prevention; 2023.

4. Pakistan Chest Society. Guidelines for the management of silicosis patients in a primary
care setting. Peshawar: PCS; 2024.

5. Occupational Safety and Health Administration (OSHA). Respirable crystalline silica
standard. Washington DC: OSHA; 2016.

6. Parkes WR. Occupational lung disorders. 3rd ed. London: Butterworth-Heinemann;
1994.

7. Hnizdo E, Vallyathan V. Chronic obstructive pulmonary disease due to occupational
exposure to silica dust: A review of epidemiological and pathological evidence. Occup
Environ Med. 2003;60(4):237-43.
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8. Sigsgaard T, Nowak D, Annesi-Maesano |. Occupational asthma: diagnosis, management
and prevention. Eur Respir J. 2019;53:1802318.

9. International Commission on Occupational Health (ICOH). Global elimination of silicosis.
ICOH Statement; 2015.

10. Nafees AA, Fatmi Z, Kazi A, et al. Lung function decline among textile workers exposed
to cotton dust: A 5-year follow-up. Occup Environ Med. 2013;70(8):575-9.
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Hypersensitivity Pneumonitis (Extrinsic Allergic
Alveolitis)

Author:Dr.Nousheenlgbal

Definition

Hypersensitivity Pneumonitis (HP) is also known as extrinsic allergic alveolitis. It is typically an
immune-mediated disease that manifests as ILD in susceptible individuals after exposure to
an identified or unidentified factor including, but not limited to, agricultural dusts,
bioaerosols, and certain reactive chemical species. First National ILD Registry of Pakistan
published in 2021 in which HP ILD was reported in 17.7% with an avian exposure in 79.5% of
HP patients, while 86.8% were females.’

Subtypes

HP has been classified previously as acute, subacute, or chronic depending upon the
frequency, duration, and intensity of exposure and illness duration. But ATS / JRS / ALAT
guideline on HP suggest classification into fibrotic and non-fibrotic HP. (2) Fibrotic (i.e., mixed
inflammatory plus fibrotic or purely fibrotic) or nonfibrotic (i.e., purely inflammatory). Usually
in Fibrotic HP patients have chronic history with low to unidentifiable exposure or have past
exposure. On other hand, Non-Fibrotic HP history is usually short with high intensity or
chronic exposure. Patients present with dyspnea, cough, fever, malaise and/or acute
respiratory failure.’

Causes
HP develops in vulnerable individuals after recurrent exposure to one or more agents as

shownin (Table 1). Inciting agents include microbial, plant, avian or animal-based proteins, or
inorganic low-molecular weight chemical agents that combine with host proteins to form
haptens. Exposure can occur athome, workplace or recreational environment.*

Sources HP diseases

Fungi/Moulds/Yeast Farmer's lung

Moldy hay Humidifier lung
Contaminated water/misting
fountains/humidifiers and air
conditioning system

Contaminated plant material (moldy
barley)

Contaminated sawdust, moldy wood
Contaminated houses (flooded),
systems, upholstered furniture, potted Indoor air alveolitis (domestic HP)
domestic ventilation and cooling
flowers

Compost Compost lung

Malt worker's lung

Woodworker's lung




Contaminated stucco

Moldy cork

Aspergillus enzyme in baking agents
Organic wastes

Cheese casings

Moldy thatched roof

Red wood dust

Stucco worker's lung
Suberosis

Baker's lung

Waste sorter's lung
Cheese washer's lung
Thatched roof lung

Sequoiosis

Edible mushrooms
Mushrooms growing

Mushrooms grower's lung

Bacteria
Contaminated machine fluid,

metalworking fluids

Sewage treatment plants

Detergents, washing powders, biological
cleaning agents

Moldy molasses, bagasse dust

Machine operator's lung

Sewage worker's pneumonitis
Detergent workers alveolitis

Bagassosis

Animal fur dust
Avian droppings, serum, feathers:

Parakeets, canaries, budgerigars,
pigeons, parrots, chicken, turkeys,
geese, ducks, wild birds, pheasants

Feather beds, pillows, duvets

Cow Milk

Fish Feed (Daphnia, meat, mosquito larvae)
Oyster shell powder

Dust from silkworm larvae and cocoon
Contaminated grain or flour

Furrier's lung

Bird fancier's disease, bird breeder's
disease, pigeon breeder's lung, chicken
breeder's lung

Feather duvet lung

Heiner syndrome

Fish feed alveolitis

Shellfish alveolitis, oyster shell HP,
mollusk shell HP

Silkworm rearer's lung
Corn (wheat) weevil lung

Plant Proteins
Esparto grass

Flour dust (wheat, rye, oats, maize)
Legumes (soya) flour dust
Paprika dust

Wood particles (Cabreuva, cedar, pine,
mahogany, umbrella pine)

Esparto lung, plasterer's lung
Flour dust alveolitis

Soya dust alveolitis

Paprika splitter's lung

Wood fiber alveolitis
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Chemicals
Polyurethane foams, spray paints, Acid anhydride alveolitis

elastomers, glues, adhesives, mattress,
car parts, shoes,

imitation leather, rubber products, Methacrylate
chipboard, elastic synthetic fibers, Vineyard sprayer's lung
electrical insulations, Hardener for epoxy Chemical alveolitis
resin.

Dental materials, lacquer, resin, glues
Copper sulfate Bordeaux mixture
Degreasing agents, cleaning agents,
extraction agents

Hair remover lung
Painter's lung
Chemical alveolitis

Coolant fluid in laser hair removal devices
Polyester powder (powder paints)
Laboratory reagent, chromatography

Pharmaceutical Agents: Drug Induced HP
Lenalidomide

Parvastatin

Venlafaxine

Temozolide

Penicillins, Cephalosporins
Methotraxate

a-IFN

Metals:

Zinc fumes

Zircon

Batteries, computers, neons
Hard Metals, Alloys

Zinc fumes alveolitis
Zirconium alveolitis
Beryllium HP

Giant Cell pneumonitis

Pathophysiology

Animmune reaction develops after exposure to the inciting agent in suspectable individuals
which included both humoral (i.e., antigen-specific IgG antibodies) and T-helper cell type 1
(Th1) cellular immune responses.”® The pathogenesis of pulmonary fibrosis is not fully
understood in HP. However, it is believed that due to recurrent alveolar epithelial injury
following repeated exposure leads to fibroblast activation and proliferation, the
accumulation of extracellular matrix, and the eventual destruction of the lung architecture
leads to pulmonary fibrosis.

Symptomsand Signs
Mostly patients present with dyspnea and cough, with examination findings of mid-

inspiratory squeaks. Some patients may have constitutional symptoms like flu, fever, weight
loss, malaise, chest tightness and wheezing and crackles on examination.’




Diagnostic Workup
The diagnosis of HP requires a multidisciplinary approach, which includes clinical,

radiographic (HRCT) findings, in some cases bronchoalveolar lavage (BAL) lymphocytosis
and histopathologic data.** According to the CHEST guidelines 2021, a confident diagnosis of
HP can be made in patients who have an identified exposure and a typical HP pattern on a
high-resolution computed tomography (HRCT) scan.* We strongly recommend HRCT chest
inevery patient with suspected HP.

1.HRCTFindingsinHP

HRCT chest plays a vital role in the diagnosis of HP. HRCT findings include Ground glass haze,
air trapping, Centrilobular nodules to pulmonary fibrosis. The reaction to inhaled antigens
leads to bronchiolocentric inflammation, which can be seen as ill-defined centrilobular
ground-glass nodules on HRCT chest. (Figure 1a) Diffuse interstitialinflammationleads toan
increaseinlung density with visibility of vessels and bronchial walls and is called ground glass
haze. (Figure 1b). In HP, lobular areas with ground glass are frequently intermixed with lobules
of normal appearance, leading to a patchwork of lobules with differing density, which s called
mosaic attenuation. (Figure 1c) Narrowing of the small airways leads to air trapping on
expiratory scans. A patchwork of lung lobules with normal density, with lobules with ground-
glass attenuation and lobules with decreased density and decreased vessel size due to air-
trapping is called the “three-density pattern” and is the most specific sign for HP on HRCT.
This patternis more accentuated on expiratory scans.’

In Fibrotic HP, HRCT chest showed bilateral, peribronchovascular interstitial thickening,
traction bronchiectasis, honeycombing with ground glass opacities, mosaic attenuation
(three-density sign), diffuse or mid-to-upper zone distribution. (Figure 2 a and 2b) In Non-
Fibrotic HP, HRCT chest showed bilateral, diffuse mosaic attenuation (including the three-
density sign), ground glass opacities, features of small airways disease (small centrilobularill-
definednodules; gas trapping on expiration).’

=)

\ | “

Figure 1(a) showing centrilobular nodules with ground glass haze. Patient had HP
secondary to Pigeon Fancier's Lung.
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Figure 1b: Ground glass hazziness Figure 1c; Musaic attenuation along with
ground glass hazz.

Figure 2a: HRCT chest showing bilateral, Figure 2b: HRCT chest shwoing septal
peribronchovascular interstitial thicking, musain attenuation and honey
thickening, traction bronchiectasis, mild combing.

honeycombing with ground glass
opacities, mosaic attenuation (three-
densitysign).

2.Bronchoalveolar Lavage and LungBiopsy

Bronchoalveolar lavage analysis and lung biopsy can be undertaken where diagnostic
confidence remains low despite clinical history and HRCT. The ATS/JRS/ALAT guidelines,’
suggest a confident diagnosis of HP also requires evidence of BAL lymphocytosis (BAL
lymphocyte count >30%). Transbronchial lung biopsy (TBLB) or transbronchial lung
cryobiopsy (TBLC) (depends on local expertise) or surgical Lung biopsy considered in Non-
Fibrotic HP cases if diagnosis is uncertain.” However, Chest guidelines 2021 not routinely
recommend BAL lymphocytosisifthereis exposure history, clinical context and HRCT typical
of HP due to low sensitivity and specificity to rulein or outin Fibrotic HP. [t may help torole out
infection particularly in non-fibrotic HP. Both ATS/JRS/ALAT and Chest guidelines do not
recommend routine lung biopsy. Decision should only be made after multidisciplinary
discussion based on risk benefit for individual patient. On Lung Biopsy pathologic findings
characteristic of HP typically includes a combination of cellular and/or fibrosing interstitial
pneumonia with bronchiolocentric accentuation, poorly formed non-necrotizing
granulomas with or without giant cells, with or without peribronchiolar metaplasia, and/or

small foci of organizing pneumonia.’
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OCCUPATIONAL (WORK-RELATED) HYPERSENSITIVITY PNEUMONITIS SCREENING
QUESTIONNAIREFORCLINICIANS

While there is no single standardized or universally agreed-upon questionnaire for screening
work-related hypersensitivity pneumonitis (HP), clinicians use a comprehensive history-
taking approach, often guided by detailed lists of potential exposures. These questions aim
at identifying potential triggers and patterns of symptoms as they evolve over time. The
following questionnaire presents common questions and exposure categories to be used by
clinicians while screening for HP.

Work-Related HP Screening Questions

1.

10.

11.

12.

Symptom Onset & Timing(Symptoms at Work)

Do your symptoms (cough, shortness of breath, fever, chills, etc.) occur or worsen while
youareatwork?

SymptomImprovement

Do your symptoms improve or go away on weekends, days off, or during vacations (away
fromwork),andreturnuponyourreturntowork ?

Occupational Environment (Other Workers Affected)

Are other people around you at work experiencing similar respiratory complaints or
illnesses?

Ventilation

What type of ventilation system is used in your workplace (e.g., general ventilation or
localized extraction) ?

On-site Observations

Have you noticed any mould growth, significant dust accumulation, or pest problems
(rodents, cockroaches)inyourworkarea?

SpecificExposures & Materials(Farming/Agriculture)

Doyouhaveregularexposure tofarming, farmanimals, hay, or damp straw/silage?
Birds/Animals

Are you exposed to pigeons, other birds, parakeets, chinchillas, or other animals/animal
proteins?

Fungi/Mould/Bacteria

Are you exposed to areas with known mould, mushroom farming/preparation, or
contaminantsin humidifiers/air conditioners?

Dusts (Organic/Inorganic)

Do you work with industrial dusts, flours, wood dust, textiles, or chemical
sprays/aerosols (e.g., metalworking fluids)?

Chemicals

Do you work with specific chemicals like isocyanates, pesticides, or components usedin
printing/bookmaking/upholstery?

Vocational Exposure/Hobbies

Do any of your hobbies involve raising animals, gardening, or exposure to significant
dusts or chemicals?

Home Environment
Doyouuseahumidifier or hot tub/jacuzziregularlyathome?

Doyounotice mouldathome?
Afull clinical assessmentinvolves integrating the exposure history with clinical findings,
imaging, spirometryandlabtests.
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Figure 1: Algorithm Adapted from ATS/JRS/ALAT Guidelines.’

Paent with newly diagnosed ILD, Detailed history and Exposure §Remnsi der§
assesement, HRCT chest, BAL Lymphocytosis + TBLB (if indicated) o

Exposure Identified, Typical HRCT Unclear Di ic
Paern, BAL Lymphocytosis neieariagnosis

Muldisciplinary Discussion

High Confidence of HP Muldisciplinary Discussion

Cryobiopsy Or Surgical
Lung Biopsy

Muldisciplinary Discussion

Diagnosis of HP

3.Serology

Despite being a commonly used adjunct in the diagnostic workup of HP, serum antigen-
specific IgG/IgA testing has several important limitations that restrict its diagnostic utility
e.g; non-standardized antigen preparations, heterogeneous immunoassay methodologies,
variable cutoff thresholds andlimited population validation.

ClinicalImplications:
«  Apositive antigen-specific IgG or IgA result indicates exposure but is not diagnostic of

HPinisolation.
«  Conversely,anegative test does not exclude HP, particularly if the relevant antigenis not
includedinthe test panel.
. Due to cross-reactivity and lack of specificity, these assays are best used to support a
diagnosiswhenintegrated with:
. Detailed exposure history
«  High-resolutionchest CT findings
. BALlymphocytosis
«  Histopathology whenindicated
For patients with suspected HP, chest guidelines’ suggest do not depend solely on serum
antigen-specificimmunoglobulin G (IgG) orimmunoglobulin A (IgA) testing to confirm or rule
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out the diagnosis of HP. Similarly, patients with suspected HP, performing antigen-specific
inhalation challenge testing to support the diagnosis of HP is not routinely recommended
duetoreasonsstatedabove.

Treatment
We recommend following Treatment Strategies:

1. AntigenAvoidance:
The cornerstone of treatment is identification and elimination of the inciting antigen which

improves the outcomes in patients with HP, but this can be difficult to achieve in practice
sometimes.’ This may involve changing of occupation, and/or work orhome environments.

2. Corticosteroids:
Steroids can reduce inflammation, especially in acute cases or when symptoms are severe.

We recommend dose of 0.5-1 mg/kg/day for 1-2 weeks in acute HP or 4-8 weeks for
subacute/chronic HP followed by a gradual taper to off or maintenance dosage of
approximately 10 mg/day. Patient should be evaluated for complications of steroids (e.g.,
diabetes, hypertension, cataract formation, osteoporosis). Bone mineral-preserving
therapiesand pneumocystis prophylaxisis strongly recommended.

3. Immunosuppressants:
If prolonged corticosteroid treatment s required, or if side effects are intolerable, addition of

corticosteroid-sparing drugs may be considered (e.g., azathioprine, and mycophenolate
mofetil). The side effects should be monitored by liver function tests and complete blood
count fortransaminitis and leukopenia, respectively.

4. AntifibroticMedications:
For progressive lungfibrosis, nintedanib or pirfenidone may be used.

5. PulmonaryRehabilitation:
Itcanhelpimprove breathingand overallfitness, like exercise endurance, capacity, and quality
oflife.

6. OxygenTherapy:
Provide supplemental oxygen to maintain adequate oxygen saturationin hypoxic patients.

7. LungTransplantation:
Lung transplantation may be considered in patients with >50% risk of death from their

disease within 2 years, and >80% likelihood of 5-year post-transplant survival provided there
is adequate graft function if transplanted. (8) Retrospective cohort studies of transplanted
HP patients have shown survival rates of 85%—-89%, 75%-84% and 70%—-84% at 1, 3 and 5
years post-transplant, respectively.”"

Other managementincludes, smoking cessation, vaccinations and appropriate treatment of

comorbid conditions (e.g., coronary artery disease, sleep apnea, obesity, GERD, pulmonary
hypertension); disease education, symptom management (e.g., cough) and palliative care
whenappropriate.
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Algorithm: Hypersensitivity Pneumonitis (HP)

Diagnosis

E

Detailed exposure history ( birds, mould, workplace, etc.)

9

Symptom pattern (dyspnea, cough, worse on exposure, improves on aveidance)

8

HRCT chest (ground-glass opacities, mosalc attenuation, three-density sign, fibrosis)

8

Bronchoalveolar lavage (BAL) lymphocytosis (>30%})

Lung biopsy (if diagnesis remains uncertain)

Multidisciplinary discussion = confirm diagnosis

Management

}

Identify & eliminate/reduce antigen exposure

)

Corticosteroids (short course for acute/non-fibrotic disease)

Immunosuppressants (azathioprine, mycophenolate) for steroid-sparing

3

Antifibrotics (nintedanib/pirfenidone) in progressive fibrotic HP

5

Pulmonary rehabilitation

)

Oxygen therapy for hypoxemic patients

3

Lung transplantation in advanced/end-stage disease




Conclusion
HP is typically animmune-mediated disease that manifests as ILD in susceptible individuals

after exposure to an identified or unidentified factor. Currently large number of patients are
beingreportedas HP due to avian exposure in Pakistan. HP is broadly classified as fibrotic and
non fibrotic HP. A confident diagnosis of HP can be made in patients who have an identified

exposure and a typical HP pattern on a high-resolution computed tomography (HRCT) scan.
Bronchoalveolar lavage analysis and lung biopsy can be undertaken where diagnostic
confidenceis low. Multidisciplinary discussion helps in making diagnosis and invasive testing
decisionsifneeded.
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Occupational Asthma

Author:Dr.Ibrahim AliKhan

Occupational asthma (OA) is a form of work-related asthma caused or worsened by
exposures in the workplace. It presents with variable airflow obstruction, airway
hyperresponsiveness, andairwayinflammation attributable to specificoccupationalagents.
OA accounts for an estimated 10-25% of adult-onset asthma cases and is an important,
preventable cause of chronic respiratory morbidity. This guideline provides an evidence-
based framework for recognition, diagnosis, management, and prevention of occupational
asthma.

Definition
Occupational asthma (OA) is characterized by variable airflow obstruction, heightened

airway responsiveness, and airway inflammation directly attributable to exposures in the
workplace and not due to environmental stimuliencountered outside of work. It is potentially
preventableand may bereversible ifrecognized early and exposure discontinued.

TypesoftheDisease
1 Sensitizer-Induced Occupational Asthma:

»  Results from repeated exposure to a specific allergen (IgE-mediated or non-IgE-
mediated).
«  Developsafteralatency periodlastingfromweeks to several years.
2 lIrritant-Induced Occupational Asthma (Reactive Airways Dysfunction Syndrome—-RADS):
«  Triggeredbyasingle orrepeatedhigh-levelexposuretoanirritant.
. Lacksalatency period; symptoms develop within 24—48 hours.
3 Work-Exacerbated Asthma:
«  Pre-existingasthmaaggravated by workplace exposures such as dust, fumes, or cold
air.

Epidemiology & Burden
Occupational asthma contributes substantially to adult-onset asthma. Under-recognition

and inadequate surveillance systems, particularly within informal labor sectors, lead to
underestimation ofits true burden. Estimated prevalence in high-risk sectors (regional data):
«  Textileworkers:8-12%

. Flour millworkers: 5-10%

. Healthcare workers: 4-7%

Higher prevalence is reported in industries with high exposure to sensitizers (e.g.,

isocyanates, flour dust). Males predominate in heavy industrial exposures; females are more
affectedintextile and healthcare settings.




Etiology &Risk Factors
Occupationalasthmaresults fromexposure to awide range of sensitizingandirritantagents.

Risk factorsinclude:

. High-intensity or prolonged exposure to sensitizers (e.g., isocyanates, flour, animal

dander).

. Single or multiple high-levelirritant exposures (for RADS).
. Lack of engineering controls,inadequate PPE, and poor ventilation.
«  Smokingandatopy mayincrease susceptibility.

Sources ofthe Causative Agents

Source

Agents

Organic dusts Flour, cotton, grain dust, animal dander
Chemicals Isocyanates, formaldehyde, glutaraldehyde
Fumes/Gases Welding fumes, chlorine, ammonia

Biological agents

Fungal spores, mites, enzymes

Drugs/Enzymes

Antibiotics (penicillin), amylase

Occupation

Bakers, Flour mill workers

Agent / Exposure

Flour, mold, grain dust

Textile workers

Cotton dust, dyes, formaldehyde

Welders, Metal workers

Chromium, nickel, welding fumes

Healthcare workers

Latex, disinfectants (glutaraldehyde)

Agricultural workers

Pesticides, animal dander, hay dust

Painters Isocyanates, solvents

Brick kiln workers Smoke, inorganic dusts

Occupations/Environments Associated with Exposure

BriefPathophysiology
Sensitizer-Induced OA: Repeated exposure — IgE or T-cell mediated immune response —

airway inflammation — bronchialhyperresponsiveness — variable airflow obstruction.
Irritant-Induced OA (RADS): Single high-dose irritant exposure — direct epithelial injury —
non-specificairway hyperreactivity — persistent symptoms.

Work-Exacerbated Asthma: Exacerbation of pre-existing asthma by workplace triggers
through enhancement of baseline airway inflammation.

Symptoms & Signs
Typical symptoms (worse during work shifts or workdays):
«  Wheeze

«  Drycough

«  Chesttightness

. Breathlessness

. Night-time symptoms and variability with work exposure

Signs may include prolonged expiration and wheeze on auscultation; examinations may be
normalbetween exposures.
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Diagnostic Workup

Clinical Evaluation:
1. Comprehensive occupational history including tasks, agents, duration, and temporal

relation of symptomstowork.

2. Correlation of symptom patterns withwork schedule.
3. Inquiryaboutsimilar symptomsin coworkers or workplace clusters.
Objective Testing
Test ‘ Purpose
Spirometry with bronchodilator Baseline airflow limitation and reversibility
Serial Peak Expiratory Flow Rate (PEFR) Compare work vs off-work; 22 weeks recommended
Methacholine challenge Detect bronchial hyperresponsiveness
Skin prick / specific IgE (RAST) Detect specific sensitization to workplace allergens
Chest X-ray Exclude alternate diagnoses
Specific inhalation challenge (if available) Gold standard diagnostic test in specialized centres
Management

A.General Measures:
. Immediate cessation or reduction of exposure; reassignment to low-exposure roles if

necessary.
Smokingcessation.
«  Optimize workplace ventilationand engineering controls.

B.Pharmacological Therapy:

Drug/Intervention Purpose
Inhaled corticosteroids (ICS) Long-term control; reduce airway inflammation
LABA +ICS Moderate-to-severe cases requiring combination therapy
Leukotriene receptor antagonists Add-on therapy for symptom control

Short-acting beta-agonists (SABA) Relief of acute symptoms

C.Environmental/Occupational Measures:
. Eliminate orreduce exposure at source.

»  UsePPEandprovide worker training.
. Reassignworkers tolower-exposure tasks where feasible.
»  Substitute hazardous substances with saferalternatives when possible.

D.Education &Prevention:
»  Trainworkers onhazardrecognitionand avoidance.

. Implementregular medical screening for at-risk workers.
. Ensure compliance with occupational safety legislationand guidelines.




Occupational (Work-Related) Asthma Screening Questionnaire for Clinicians
The following questions help identify potential cases of work-related asthma. A positive

responsetothese questionsindicates the needforfurther evaluationbyaspecialist.

1-Asthma Symptoms
. Have youever beendiagnosed withasthma?

. Do you currently experience symptoms such as wheezing, coughing, chest tightness, or
shortness of breath?

2-WorkRelationship
. Didyourasthmasymptomsstartatwork?

. Do/did yourasthma symptoms worsenat work?

. Do/did your asthma symptoms worsen on your first day back to work after a break (e.g.,
"weekend, holiday")?

. Do/did yourasthma symptoms worsenthroughout the work week?

«  Are/were chest symptoms (cough/wheeze/chest tightness/shortness of breath) less
ondays off workand/or holidays?

3-Occupational History
«  Whattypeofindustry doyouworkin?

«  Areyouexposedtodusts, gases, or chemicalfumesinyourworkplace?
. Are others at work experiencing similar symptoms?

Healthcare providers use patient responses to develop an initial assessment and determine
if a referral for objective testing (such as serial peak expiratory flow (PEF) measurements,
spirometry or specificinhalation challenges)is required.

Algorithm: Occupational Asthma
Diagnosis

@ Occupational history

@ Symptom timing (worse on Mondays/workdays)
@ Spirometry (obstruction # restriction)
@ Radiology (if advanced disease suspected)

@ Exclude differentials

@ Apply Schilling/WHO grading
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Management

Confirm diagnosis

Remove or reduce exposure

Initiate bronchodilators

Add inhaled corticosteroids (ICS) if persistent symptoms
Pulmonary rehabilitation

Oxygen therapy in advanced disease

Refer for specialist care if needed

0000000

Key Recommendations:
. Earlyrecognition of workplace exposure and symptom-onset patterns.

»  Use of detailed occupational history, spirometry, and serial peak flow or challenge
testingfordiagnosis.

. Removalfrom exposure and exposure control as primary management strategies.

. Pharmacotherapy (inhaled corticosteroids + LABA) for symptomatic control and
preventionoflong-termimpairment.

. Regular medical surveillance and worker educationinhigh-riskindustries.
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Asbestos Realted Lung/pleural Diseases:
An Overview

Author: Dr.Mohammad YousafKhan

Asbestos is a generic name for a variety of silicate minerals that occur naturally in a fibrous
form. Asbestos was considered a miracle mineralin the past, being resistant to fire, heat, and
corrosion. Moreover, it is strong, durable, flexible and inexpensive. It has been used in the
manufacturing of over 3000 factory applications and many products. Asbestos has been
declared as Group 1A carcinogen by the WHO in 1987. Moreover, asbestos can cause both
benign and malignant diseases of the lungs and pleura. A relatively intense exposure is
needed for lung diseases (asbestosis and lung cancer) compared to pleural diseases. This
prompted occupational health experts to formulate guidelines about clinical, radiological,
functionaland pathologicalassessment of asbestos-related diseases.

AsshowninTable 1, theasbestos minerals can be divided into two distinct groups, serpentine

1,23

andamphiboles.

Table 1. Types of Asbestos

Serpentine (Spiral Fibres) Purpose

Chrysotile (White Asbestos) Crocidolite (Blue Asbestos)
Amosite (Brown Asbestos)
Tremolite
Actinolite

Anthophyllit

Difference Between Chrysotileand Amphibole Asbestos:
Characteristics & Half-lives of Fibres

Chrysotile is a magnesium silicate. Larger and longer fibers of chrysotile are often curved.
Chrysotile is relatively unstable in the lung. It fragments readily into short fibres and fibrils
that are easily phagocytized by macrophages. Chrysotile is particularly unstable in acid
environments, such as the macrophage phagolysosome, and dissolves by progressive
removal of both magnesium and silicon from the fiber. The clearance half-life in humans is in
the range of a few weeks to a few months. However, some chrysotile fibres persist, perhaps

1,23

becausetheyare sequesteredinfibroustissue andthus protected fromdissolution.

The amphiboles are a large mineral group which cleaves into very long, thin, fibres. As
opposed to chrysotile, amphiboles are stable within the lung, they do not fragment and are
not sensitive to inflammatory macrophage and chemical attack. Thus, clearance half-lives
foramphiboles are muchlongerthanfor chrysotile and extend ondecades

Importance of Fibre Type, Size And Durability

In addition to fibre size, the persistence of a fibre within the lungis a crucial determinant of its
pathogenicity. Although most focus has been on the induction of mesothelioma, durable
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amphibole fibres induce more fibrosis (asbestosis) than do chrysotile fibers. Asbestosis
appears at much lower fibre burdens in individuals with amphibole exposure than in
individuals with chrysotile exposure. The persistence of amphibole fibers in the lung is
believed to be the reason workers with asbestosis due to amphibole exposure are more likely
to see progression of their disease than workers with asbestosis due to chrysotile
exposure.”**

Fibre Count & Asbestos Related Diseases & Grades of Asbestosis

Subjects with asbestosis have higher asbestos fiber counts than those with pleural plaques
or mesothelioma. Amphibole, but not chrysotile, asbestos fibre counts also have a
correlation with the grades of asbestosis. This is not surprising because chrysotile fibres
clear relatively rapidly from the lung, whereas amphibole fibres tend to persist for many

2,34

years.

Forms of Asbestos-exposure AndImportance of Background

Environmental Asbestos

Asbestos exposure has 3 main forms. It can occur through work, bystander exposure, or
general community exposure. The risk of disease is higher for people who are directly
exposedtoasbestosatwork.

Asbestosis ubiquitous andis always likely to be foundin the lungs of the general population. It
is, therefore, important that results found in a specific case be compared with those for the
background population. For this reason, control ranges need to be established for each

2,34

laboratory performingthese analyses.

Commonly Used Asbestos-Containing Products
Manufacturers commonly use asbestosinthe following products:

. Products containingasbestos cement: Pipes, shingles, clapboards, sheets
«  Vinyl-asbestosfloortiles

«  Asbestospaperinfiltrationandinsulation products

e Materialinbrakeliningsand clutchfacings

«  Textileproducts:Yarn,felt, tape, cord, rope

«  Sprayproductsusedforacoustic, thermal, and fireproofing purposes

Occupations Associated with Highest Risk for Asbestos Exposure
Occupations that were traditionally associated with highest risk of exposure include

construction workers (insulators, pipefitters, carpenters, electricians, roofers, drywall
workers), maintenance workers, shipyard workers and Navy personnel, boilermakers and
furnace workers, auto brake mechanics, and individuals involved with asbestos mining and
processing.

TheBasic Assessment for Differentiating Asbestos From Non-Asbestos Exposures
The basic assessment of the type of dust includes differentiating ferruginous asbestos

bodies from pseudo asbestos bodies. Ferruginous bodies are formed on the transparent,
fibrous cores typical of asbestos bodies, while pseudo asbestos bodies are formed on non-
asbestos minerals, suchas carbon, iron, aluminum, chromium oxide, talc, and glass.*’




Factors Determining Asbestos Body Formation
Ferruginous body formation varies according to a number of factors including fiber type,

length, concentration, and quantity of iron within the lung. Thus, the quantification of
asbestos bodies may not accurately reflect the total concentration of mineral fibres in the
lungs.’

Importance of Tissue Selection For Fibre Count
Both formalin-fixed and fresh lung tissue can be used for these procedures. Within one

laboratory, different samples from the same individual may differ 3-fold and up to 10-fold in
very small samples. Consequently, analyses of transbronchial samples should only be
undertaken in exceptional circumstances and the results interpreted with considerable
caution. Optimal samples for mineral analysis comprise 2-cm? block from 3 anatomic sitesin
the contralateral lung (in tumor cases) or either side (in nontumor cases), usually from the

apical upper, apical lower, and basal segments of the lung. To be representative, the samples
should not contain tumors or large areas of pleural fibrosis. Mineral fibre analysis can also be
carriedoutonbronchoalveolarlavage samples.
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Asbestosis

Author: Dr. Mohammad Yousaf Khan

Definition
Asbestosis is defined as diffuse pulmonary fibrosis caused by the inhalation of excessive

amounts of asbestos fiber dust. Pathologically, both pulmonary fibrosis of a particular
pattern and evidence of excess asbestos in the lungs must be present. Clinically, the disease
usually progresses slowly, with an average latent period of more than 15 years from initial
exposure toonset of symptoms.

AnOverview
All types of asbestos have been implicated in the causation of asbestosis to a lesser or

greater degree. There appears to be a dose-response relationship between the
concentration of fibres in the lung and the severity of fibrosis. Asbestosis typically occurs in
individuals with prolonged and heavy exposure to asbestos, and the disease may progress
even after exposure has ceased. The diagnosis of asbestosis is usually based on exposure
history, clinical findings, and radiographic features. Biopsy is seldom required, but if thought
ethically acceptable, it may be helpful when differential diagnostic considerations can not be
resolvedonclinical orradiographic grounds alone.

Accelerated asbestosis: Asbestosis typically has a latency period of 15 years or more from
initial exposure to diagnosis. However, some of the early cases evolve much more rapidly due
to high exposures. Such cases generally exhibited small fibrotic lungs without honeycomb
changesbutwithnumerous asbestos bodiesinhistologic sections.

Accelerated asbestosis is the term used for such cases. Although accelerated asbestosis is
now rarely encountered in industrialized nations, such disease is likely to develop if asbestos
dust controlis neglected, whichis especially the case in developing countries.

Clinical Presentation of Asbestosis
It ranges from asymptomatic disease, identified on radiologic investigation or by histologic

assessment of lung parenchyma remote from a resected lung cancer to a symptomatic and
progressive disease. The clinical features are identical to those encountered with other
forms of diffuse interstitial lung disease, such as usual interstitial pneumonia (UIP). Its usual
presentationis aninsidious onset of breathlessness and dry cough. There may also be chest
pain related to associated disorders, such as benign asbestos pleuritis or, in patients with
severe breathlessness, respiratory muscle fatigue from the increased respiratory work
required to inflate fibrotic lung. Bibasal dry crackles. Finger clubbing or central cyanosis are
late features and may or may notbe present.

DiagnosticCriteria for Asbestosis
The Diagnostic Gold Standard
The diagnostic gold standard is the histopathological examination of lung tissue (diffuse

fibrosis and at least 2 asbestos bodies per cm?® of tissue). However, most cases of asbestosis
are diagnosed on clinical and radiologic grounds, without histologic examination, from the
following findings:**
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1. A history of moderate to heavy asbestos exposure, typically occupational and often
protracted for many years. In general, when the cumulative exposure has been
substantial to heavy, the likelihood of clinical asbestosis and its severity are
correspondingly greater, with a shorter latency interval between the commencement of
exposure and the subsequent symptomaticonset of the disease.

2. Clinical signs of interstitial fibrosis in the form of end-inspiratory crackles on
auscultation of thelungfields, especiallyinthe lower zones.

3. Detection of reticular, linear, diffuse opacities in the lower zones of the lung fields on
radiologicexamination.

4. Classically, restrictiveimpairment of lungfunction.

Usually, but not always, associated parietal pleural fibrous plaques and/or diffuse pleural
fibrosis.

Criteria 1 and 3 are obligatory for the clinical diagnosis, which is further supported by
criterion5.

Pulmonary Function Tests
Pulmonary function tests usually demonstrate a restrictive impairment of lung function with

a reduction of lung volume and forced vital capacity, diminished carbon monoxide diffusing
capacity (DLCO), and often hypoxemia onarterial gas analysis.

Of greater significance is longitudinal assessment of lung volumes, with a greater than
average, age-related decline for 3 to 5 years (with at least 3 serial measurements). A
reductionin DLCO during serial measurements appears to be amore useful assessment, but
it simply reflects a loss of parenchymal function by emphysema. Coexistent airflow
obstruction with reduced forced expiratory volume in 1 second (FEV1) is often due to
concomitant tobacco smoking. Mild airflow obstruction independent of smoking, as shown
byareducedFEV1,canbe seeninsome workers.*

Radiological Diagnosis Chest X-Ray (CXR)
CXRis available worldwide and there is an accepted CXR-based classification scheme for the

evaluation of the pneumoconiosis. The CXR findings are normal in 10% to 18% of patients
with biopsy-proven asbestosis, and at least east 10% of pleural disease is not identified on
CXR. Despite these problems associated with the chest radiograph, it is still useful as a
diagnostic tool in patients with characteristic, extensive disease and a confirmed history of
exposure.

Asbestosis typically presents with small, irregular opacities at the lung bases. As the disease
progresses, these opacities coalesce and become coarser, ultimately leading to a
honeycomb pattern of small cysts. Association with pleural plaques increases the specificity
of the diagnosis. Extensive pleural disease is readily identified on chest radiography.
However, the pleural density in such cases prevents accurate assessment of the underlying
lung parenchyma. This problem, along with poor interobserver agreement between expert
readers in patients with minimal disease, has highlighted the benefits of high-resolution
computed tomography (HRCT).*?
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Posterior-anterior chest radiograph with limited view of the right lower lobe in a patient with
asbestosis demonstrating small, irregular opacities. There is a calcified pleural plaque
(arrowhead) projecting within the central tendon of the right hemidiaphragm.’

A, Posterior-anterior (PA) chest radiograph
demonstrates extensive, calcified pleural
plaques in both profile (arrowheads) and en
face (asterisks).

B, Axial chest computed-tomography slice
through the lower lobes demonstrates a
variety of parenchymal pathology not
visualized on the PA chest radiograph,
including round atelectasis (asterisk),
calcified pleural plaques (arrowheads), and
fibrosis (arrow).

Computed Tomography (CT)
Conventional CT and HRCT are more

sensitive and specific than chest radiography
in the diagnosis of both parenchymal and
pleural diseases related to asbestos. HRCT is
most useful when the chest radiographic
findings are normal or minimally abnormal.

Arch Pathol Lab Med. 200013403 3462480 doi: 1058581543462

HRCT findings associated with asbestosis include peripheral intralobular and interlobular
lines, ground-glass attenuation, and honeycombing. Diffuse fibrotic involvement of the
visceral pleura is seen as widespread pleural thickening on computed tomography and is
associated with parenchymal bands and rounded atelectasis. Parietal pleural involvement
shows well-circumscribed areas of pleural thickening and correlates with the presence of
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pleural plaques. Despite the increased sensitivity of HRCT compared with CXR, it is
important to recognize that the finding of a normal examination by computed tomography
does notexclude the presence of asbestosis.*’

HRCT is an important tool for quantification of fibrosis as well as for clarifying the role of
emphysema in dyspneic cigarette smokers who have a history of asbestos exposure. HRCT
has the ability to quantify the contribution that asbestosis, diffuse pleural thickening, and
emphysemamakesinthe physiological deficitand dyspnea suffered by anindividual patient.

Arch Pathol Lab Med, 2000;134(3x462-480, doi;10.5858/134 3,462

Axial chest computed tomography at the level of the dome of the diaphragmin a patient with
diffuse visceral pleural fibrosis shows bilateral pleural thickening (arrowheads), parenchymal
bands (arrows), and areas of round atelectasis (asterisks). Coronal reconstruction of axial
high-resolution computed tomography data demonstrates subtle, parietal pleural plaques,
both calcified (arrowheads) and noncalcified (arrow)’

BronchoalveolarLavage
Bronchoalveolarlavageis potentially useful whenthe clinicoradiologic diagnosisis uncertain.

The demonstration ofasbestos fibers and/orasbestos bodies canhelp support the diagnosis
butisnotnecessary.”

Pathology of Asbestosis
GrossPathology
The disease ranges in severity from subtle findings that are not visible macroscopically to

advanced diseases characterized by small, fibrotic lungs with honeycombing. The changes
tend tobe more severe inthelower lobes and periphery of the lung. The honeycomb changes
seen in advanced cases is represented by subpleural cysts measuring up to 15 mm in
diameter. Airways are generally unremarkable, although there may be areas of traction
bronchiectasis in severely fibrotic areas. Lymph nodes may be enlarged. A minor degree of
diffuse, visceral pleural fibrosis is commonly seen. Most cases of asbestosis are associated
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with parietal pleural plaques.’

Arch Pathol Lab Med. 2010:134(3):462-480. doi: 10.5858/134 3 462

A. Rightlung of a patient who was a crocidolite asbestos sprayer demonstrates advanced
asbestosis that is most severe in the lower lobe. In addition, there is marked thickening
ofthevisceral pleura(arrowheads).

B. Rightlung ofa 71-year-old patient with asbestosis who was an amosite and crocidolite
asbestos sprayer. There s thickening of the visceral pleura that extends into the fissures
(arrowheads).”

Top figure: This example of asbestosis shows
honeycomb changes, with cysts up toabout 15 mmin
diameter. There is also diffuse visceral pleural fibrosis
withblunting of the costophrenicangle.

Bottom figure: In this patient with advanced
asbestosis, there is diffuse visceral pleural fibrosis
surrounding the lung and extending into the fissure
(arrowhead).’

Arch Pathel Lob Med, 2000;134¢3 ;462 -4%0, dog; 10,585871 34,3447




Sampling Techniques for Histologic Examination
Sampling technique for histologic examination of cases of asbestosis is determined by the

specimen used for histopathology. For autopsy specimens, minimal sampling should include
blocks from the peripheral and central portions of each lobe of both lungs. For
pneumonectomy specimens, samples should include peripheral and central blocks from
each lobe. For lobectomy specimens, at least one peripheral and one central section should
be sampled. Areasimmediately adjacent to tumors should be avoided.”

Histologic Diagnosis

The histopathological diagnosis of asbestosis requires an appropriate pattern of interstitial
fibrosis plus the finding of asbestos bodies. Both components must be present. Fibrosis in
asbestosis lacks any significant degree of inflammation, and is collagenous rather than
fibroblastic.?

Histological Pattern of Interstitial Fibrosisin Asbestosis
In early asbestosis, the fibrosing process is limited to the walls of alveoliimmediately around

the bronchioles and is called peribronchiolar pattern. From this the fibrosis extends and
ultimately links adjacent bronchioles. At this time, the predominantly peribronchiolar pattern
of fibrosis may be lost.

Initially, the disease is predominantly subpleural, but as it advances, the fibrosis extends
inward a considerable distance from the pleura. At that stage, a variety of morphologic
patterns may be seen. Some cases resemble usual interstitial pneumonitis (UIP), whereas
others are more like fibrotic, nonspecific interstitial pneumonia (NSIP), and still others do not
match any other form of interstitial fibrosis. Fibroblast fociare seen only occasionally. If these
foci of immature fibrosis are at all conspicuous, another diagnosis (such as UIP) should be
considered. Honeycombing may be seen in advanced cases, but it is seldom as severe as in
UIP.

Asbestos Airway Disease: Asbestos exposure may at time be associated with fibrosis of the
walls of the respiratory bronchioles which is sometimes incorrectly referred to as
peribronchiolar fibrosis and, therefore, is liable to be confused with the fibrosis of the alveolar
walls around the bronchioles, which is truly peribronchiolar. A better term in such cases is
bronchiolar wall fibrosis. If bronchiolar wall fibrosis is associated with asbestos bodies, the
term asbestos airway disease is preferred. These are the cases where an obstructive pattern
isseenonspirometry.”’

™

.

Asbestos airways disease consists of
bronchiolar wall fibrosis (arrowheads)
without fibrotic thickening of alveolar
septa. This pattern should not be referred
to as asbestosis (hematoxylin-eosin,
original magnification x70).?

T A X e %
Arch Pathol Lab Med, 200013403 ;462-480, doa: 10,5858/ 34,3 462
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AsbestosBodies
The second feature necessary for a histologic diagnosis of asbestosis is the finding of

asbestos bodies. Asbestos bodies are golden-brown, beaded, or dumbbell-shaped
structures with a thin, translucent core. They are formed from the deposition of an iron-
protein-mucopolysaccharide coating on the surface of an inhaled asbestos fibre by alveolar
macrophages. In asbestosis, these bodies are typically found embedded within fibrous
tissue, but they may also be observed within alveolar spaces or within the cytoplasm of
macrophages or multinucleate giant cells. Asbestos bodies may also be observed within hilar
lymphnodes, but thatdoes not constitute asbestosis. The finding ofasbestosbodies aloneis
insufficient for a histologic diagnosis of asbestosis andindicates only asbestos exposure.

hrch P&lho] Lab Med. 2010 134(3):462-480. doi:10. 5358#!34 3462

A. In this case of asbestosis from a crocidolite sprayer, asbestos bodies are embedded
within the fibrous tissue. They consist of golden-brown, beaded structures with a thin,
translucentcore.

B. Asbestos bodies in this case of asbestosis are embedded within fibrous tisane and are
associated with pigment deposition (arrowhead).

C. Asbestos bodies in this case from an amosite asbestos miner are lying free within the
alveolar space.

D. Numerous asbestos bodies are present within this sputum cytology sample from an
insulator (hematoxylin-cosin, original magnifications x440 [A and B) and x150 [C];
Papanicolaou stain, original magnification x150[D]).2

-

AandB, Asbestos bodies with beaded, ferruginous coatingand
thin, translucent core are present within bronchoalveolar
lavage fluid (Wright-Giemsa, original magnifications x440 [A]
and x880([B]). 2

Arch Patbol a5 Mod 70101543 402481, dee 19, 5558 4.1 400




AsbestosFibre Analysis for The Diagnosis Of Asbestosis
In difficult cases, fibre analysis may be necessary to determine the etiology of the fibrotic

process. Fibre analysis should be considered as an adjunctive technique inthe assessment of
asbestosis and cannot substitute the histopathologic diagnosis of asbestosis. Patients with
asbestosis havein excess ofamillion fibres per gram ofdrylung tissue.**

Histologic Grading Scheme for The Extent and Severity of Asbestosisa
number of schemes have been proposed. These may be of particular value in epidemiologic

studies. A 12-point grading scheme is proposed by the College of American Pathologists and

National Institute for Occupational Safety (CAP-NIOSH). Amodified, 4-point grading system

of histologic criteria, to describe severity and extent of asbestosisincludes:

«  Gradelinvolvingalveolarwalls of respiratory bronchioles and the alveolar ducts;

«  Gradellinvolvinggreater proportions of acini;

«  Gradelllinvolvingthe whole acinar structure;

« and Grade IV when honeycomb remodeling and large (up to 1 cm) dilated spaces are
grossly visibleinthe lung parenchyma.*
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A, Grade 1 asbestosis consists of fibrosis involving the bronchiolar wall and extending to the
first layer of alveoli (arrows). B, Higher magnification shows asbestos bodies embedded
within the fibrous tissue. C, Grade 2 asbestosis consists of fibrosis involving more distant
alveolar walls but which spares at least some alveoli between adjacent bronchioles. D, Grade
3 asbestosis consists of fibrosis involving all alveoli between 2 adjacent bronchioles
(hematoxylin-eosin, original magnifications x60 [Aand C], x300[B], x125 [D]).?
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A Low-power view shows fibrotic lung with honeycomb changes. B, Mucous-filled
honeycomb cysts (asterisk) are present in this case of grade 4 asbestosis. C, At this
magnification, asbestos bodies are just visible (arrowheads). D, Higher magnification shows
the upperasbestos body from C (hematoxylin-eosin, original magnifications x15 [A],and x70
[B]; Perliron, original magnifications x70[Cland x440[D]).”

How To Use Biopsy/Cytology Options Available for The Diagnosis of Asbestosis
Asbestosis is usually diagnosed histologically in lobectomy or pneumonectomy specimens

re-sected because of cancer or at autopsy. If a clinical diagnosis cannot be made, lung biopsy
isneeded. Video-assisted thoracoscopicsurgeryisrequired as transbronchial biopsiesrarely
provide adequate tissue for histopathology. However, the finding of asbestos bodies or
asbestos fibres in bronchoalveolar lavage samples may also assist in the diagnosis of
asbestosis when quantitative methods are employed.




Histologic Differential Diagnosis of Asbestosis
Distinction between idiopathic pulmonary fibrosis (IPF) and asbestosis can be difficult. The

most common pattern of IPF is UIP. This is characterized by histological heterogeneity,
represented by densely hyalinized areas of fibrosis, alternating with areas showing
fibroblastic foci, and yet other areas consist of nearly healthy lung. Honeycomb changes are
frequently found in UIP. While some cases of asbestosis resemble UIP, others resemble
fibrotic NSIP. In general, the presence of asbestos bodies permits the distinction of
asbestosis from other interstitial lung disorders. The presence of frequent fibroblast foci is
against a diagnosis of asbestosis. Pleural plaques provide evidence of asbestos exposure
(Table 2).2

Table 2. Differential Diagnostic Features for Asbestosis and Idiopathic Interstitial
Pneumonias

HistologleFesturs | aspastosis | RSP

Distribution Peribronchiolar with Diffuse Subpleural accentuation. lower lung
subpleural accentuation zone
Honeycomb changes | Uncommon exceptin Uncommon Common

advanced cases

Fibrotic Foci Rare Inconspicuous Conspicuous

Asbestos bodies Frequent Absent Absent

Inflammation Minimal Variable Minimal, typically localized to
honeycomb foci

Pleural fihrosis Common Uncommon Uncommon

Abbreviations: NSIP, nonspecificinterstrial pneumonia; UIP, usualinterstitialpneumonia.

Recommendations for Evaluation of Asbestosis Employment History
A detailed employment history should be obtained (consistent recommendation, high

quality evidence).’

«  Yearoffirstexposure,durationand end ofexposure.

«  Typeofexposure: occupational,domestic orenvironmental.

. Intensity of exposure: exposure is significant when high concentration of asbestos is
breathedin orwhendirect exposure to asbestosis for more than 6 months (8 hours aday
and 40 hours a week) (consistent recommendation, very low quality evidence). The risk
ofexposure coversanareaof300to 2200m, depending onwind direction.

«  Typeofasbestosatworkplace.

«  Smokinghistory.
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RadiologicalImaging
Chest X-ray (CXR):
CXR is the basic investigation for the diagnosis of asbestos related diseases (consistent

recommendation, moderate quality evidence).’

The International Labour Office (ILO) classification of CXR is useful for systematically
describingand recording radiographic abnormalities in the chest, seen not only in asbestosis
butalsoinother Pneumoconiosis.’

High Resolution Computed tomography (HRCT):
HRCT is useful, in the diagnostic work up for asbestos related disease, in the following

circumstances:

. Borderline lung fibrosison CXR.

. In case of discrepancy between pulmonary function tests showing restrictive pattern
and CXRreported normal.

«  Widespreadpleural thickening obscuringlungfields.”

Radiological Characteristics of Asbestosis and Associated Pleural Fibrosis
Asbestosis:
. Irregular reticular opacities predominantlyinthelungbases.

. Parenchymalbands.

*  Roundatelectasis.

. Honeycombing.

. Pleuralplaques.

. Long dense or linear opacities in the diaphragmatic pleura, commonly bilateral and
maybe calcified.

Diffuse pleural thickening:
Pleural thickening extending to a quarter of the chest wall, commonly unilateral, involves

posterior basal pleura. It may be calcified and associated with parenchymal bands and round
atelectasis.”’

LungFunction Tests
Lung function testing, when used in the context of health surveillance, helps in the early

diagnosis and follow-up of asbestos related diseases. It is indispensable for assessing a
worker's capacity for work (consistent recommendation, high quality evidence).’

Spirometry:

As an initial procedure, Forced Expiratory Volume in 1 second (FEV1), Forced Vital Capacity
(FVC) and FEV1/FVC measurement can detect and quantify obstructive ventilatory defects
andalerttoarestrictive ventilatory defect.

Lung Volumes:
Measurement of lung volumes is mandatory for diagnosing a restrictive ventilatory defect. A

reduction in the Total Lung Capacity (TLC) can be due to asbestosis as well as diffuse visceral
pleural thickening.




Diffusion Capacity (DLCO):
DLCO is very sensitive in detecting early pulmonary fibrosis of asbestosis but has low

specificity.
Pleuralplaques alone are not responsible for any reductioninlungfunction.

Mineralogical Assessment for Asbestosis
Asbestos bodies (AB) detection:

Asbestos can be detected in respiratory samples on optical microscopy as AB. Specific
processing is required for detection of asbestos by AB counts in lung tissue or
bronchoalveolar lavage (consistent recommendation, high quality evidence). Asbestos
exposure is significant if AB counts is more than 1000AB per gram of dry lung tissue or 1AB
per millilitre of bronchoalveolar lavage samples.”**

Asbestosfibredetection:

Asbestos fibre counts are done by electron microscopy. Asbestos fibre counts in excess of a
million per gram of dry lung tissue indicates significant asbestos exposure. Fibre analysis is
done in conjunction with the histopathological examination to identify the number and type
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ofasbestosfibres.

What Is The Criteria for Attributing Diseases to Asbestos
Attributing diseases to asbestos exposure may have diagnostic, legal and financial

implications. The intensity and duration of asbestos exposure must meet certain criteria to
belabelledasacause ofthe diseases.

Assessment ofintensity and Duration of Asbestos Exposure

Asbestos fibers per milliliter per year (fibers/ml/y) is a unit used to measure a person's
cumulative exposure to asbestos over their working life. This unit is used to estimate the risk
ofdevelopingasbestosis orlung cancer.”**

Definitions

Fibers/ml: Theaverage number ofasbestos fibersinamillilitre ofairinhaled by a person
Workingyear: Typically 8 hours per day, 5 days per week, 48 weeks per year

Fibers/ml/y: The cumulative exposure to asbestos overaworkinglife

The Helsinki criteria states thata person's exposure to asbestos must be atleast 25 fibers/ml
years to be considered as the cause of asbestosis or lung cancer. This means that a person
could be exposed to 25 fibers/ml for one year, or 5 fibers/ml for five years, to meet the

3,45

criteria.

AnOverview of The Latest Recommendations for Managing Asbestosis
The latest recommendations for managing asbestosis primarily focus on preventing further

asbestos exposure, quitting smoking, getting vaccinated against common respiratory
infections, and utilizing pulmonary rehabilitation to manage symptoms as currently no
treatment can reverse the disease; if symptoms become severe, antifibrotic agents and
oxygen therapy are considered. Further treatment options like lung transplant is for extreme
cases.

Key pointstoremember:
Avoid furtherasbestos exposure:
Thisisthemost crucial step, asany additional exposure can worsen the condition.
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Smokingcessation:
Smoking and asbestosis are independent and synergistic risk factors for lung cancer. Thus,

smokingsignificantlyincreasestherisk oflung cancerinindividuals withasbestos
exposure and so quittingsmokingis essential.

Inhaled bronchodilator therapy:
Asbestosis withan obstructive component maybe helped byinhaled bronchodilators.

Vaccinations:
Get vaccinated against influenza and pneumococcal pneumonia to reduce the risk of lung

infections.

Pulmonary rehabilitation:
An exercise program designed to help manage breathing difficulties and maintain activity

levels aswellasimprove lungfunction.

Medical monitoring:
Regular checkups with a healthcare professional to monitor symptoms by radiographic

examinationandlungfunctiontests.

Supplemental oxygen:
Assess patient's oxygen status at rest and with exercise. If hypoxic, advise supplemental

oxygen.

Antifibroticagents:
Asbestosis resembles IPF histologically, so antifibrotic agents (for example, pirfenidone and

nintedanib) used in other interstitial lung diseases may be effective in slowing down the
declinein FVCinprogressive asbestosis.

Lungtransplant:
Peoplewithadvanced diseases may be eligible forlungtransplantation.

Prognosis of Asbestosis
Asbestosis typically progresses slowly over many years. Many people have mild symptoms

and do well, whereas some develop progressive shortness of breath. A few develop
respiratory failureand heart failure.

People with asbestosis have a significantly increased risk of lung cancer. Additionally,
smokingincreaseslungcancerriskin people exposedtoasbestos.’

ASBESTOS-RELATEDISSUES IN PAKISTAN
1-Sources of asbestos:
Among the many sources of asbestos exposure, currently the known sources of asbestos

exposureinPakistanare through:

Environmental exposures in mining and quarrying of asbestos in the north-western districts
ofthe Khyber Pakhtunkhwa (KP) province.7

Ship breakingandrecyclingin Gadani, Balochistan province.




2-Preventionat workplace:
Preventive measures at the workplace are almost non-existent. Itis due to lack of awareness,

about the risks at workplace and non-implementation of legislation regarding safety of
workers,amongst the employers and the workers.

3.Noasbestosisreported fromtheasbestos-region ofthe KP province.
Despite high number of biopsy-proven mesothelioma cases due to environmental exposure

to asbestos in the north-western districts of the KP province, there are hardly any cases of
asbestosis. This could be either due to asbestosis being misdiagnosed (as IPF or fibrotic
NSIP) or due to low intensity exposure, sufficient to cause pleural disease but not asbestosis
(high intensity exposure is needed to cause asbestosis and lung cancer as compared to
pleural diseases).

Specific request made to the laboratory to look for asbestos bodies in the biopsy specimens
may help get the diagnosis ofasbestosis.
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Mesothelioma

Author: Dr. Zafarlgbal

Mesothelioma is a cancer of the mesothelium, the thin lining of the body cavities that also
covers the major internal organs of the body. The rarity of this tumour and its strong
association with asbestos exposure make it a 'signal tumour,' that is, it is considered an
epidemiological marker for exposure to asbestos. Owing to its initial nonspeci ic
manifestations, mesothelioma is usually diagnosed at an advanced stage, and the tumour
has limited therapeutic options. Its rarity and the variations in its geographic distribution are
major constraintintheield of researchrelatedtoits therapeutics and prognostics.

Epidemiology

The predominant cause of malignant mesothelioma is inhalational exposure to asbestos,
responsible for an estimated 80% to over 90% cases, with latency period of 30 to 40 years.
Risk for developing mesotheliomaincreases with age with people over 60 having a tentimes
higher risk than those under 40. The incidence is more than 40 times higher for people who
are occupationally exposed to asbestos than for the general population. 5-year survival rate
for pleural mesothelioma is around 5% to 10%, highlighting its aggressive nature and
challenges in treating this form of cancer. The male to female ratio is 2.7:1. Prevalence in
Pakistanis high, particularly inthe north western, Khyber Pakhtunkhwa (KP) province, initally
reportedinthe KPin 1990s e .

I FATA Areas
- KPK Areas

Afghanistan

aaaaaaaaa

Punjab

North

Khyber Pakhtunkhwa Province
Map District Wise

Agencies: Mohmand, Bajaur, Kurram & North Waziristan;
Districts: Charsaddah, Malakand, Dir, Nowshera, Mardan, Swabi

Figure 1 Map showing areas of KP (formally known as North West Frontier) in Pakistan
asbestos occurrenceinredcircle. (Source: physicalmaps of Pakistan Ezilon map).
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TypesofMesothelioma

Pleural Mesothelioma
75% of All Mesothelioma Cases

Pericardial Mesothelioma
4% of All Mesothelioma Cases

Peritoneal Mesothelioma
20% of All Mesothelioma Cases

Testicular Mesothelioma
1% of All Mesothelioma Cases

Source : 2025 MesotheliomaVets.com

Pathophysiology
Asbestos is a mineral found deep underground in rock and soil deposits. The mineral occurs

as a bundle of spindly ibres that might be inhaled or ingested and then retained in the body
tissues. After several years of retained ibres that causeirritation, scarring,and damage to the
cell DNA, mesothelioma may begin to form. Both the amphibole and serpentine classes of
the mineral are harmful to human health. The amphiboles can stay in the lungslonger, making
exposure to amphiboles result in a higher chance of mesothelioma development than the
serpentineclass.

During the long latency period of malignant mesothelioma, a myriad of pathogenic events
may occur that can contribute to the development of the disease. After asbestos ibers are
inhaled deeply into the lung and penetrate pleural space, prolonged cycles of tissue damage,
repair,andlocalinlammationareinitiated following theinteraction ofasbestosibers with
mesothelial cells. That, inturn, leads to carcinogenesis.

Reactive oxygen species (ROS) induced by asbestos ibers with their exposed surface lead to
DNA damage and stimulate a signal transduction cascade. Macrophages phagocytize
asbestos ibers but are unable to digest them, thus resulting in the production of abundant
ROS. These events activate MAP -kinase signaling pathways through the epithelial growth
factor (EGF) receptor. As a result, several of the induced transcription factors are highly
expressedinmesothelioma.

Asbestos ibers can absorb different proteins and chemicals to the broad surface of asbestos,
with the accumulation of hazardous molecules, including carcinogens, as a consequence.
Onceinside, asbestosibers bind toimportant cellular proteins. The subsequent deiciency of
these proteins canalso be detrimental for normalmesothelial cells.

Studies have also identi ied other comparable silicate minerals with similar health effects.
These asbestiform minerals include winchite and richterite that can also cause

mesothelioma.
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Figure3:HistologicalTypes

Epithelioid Mesotheioma
Clearly deined clump of cells

Pink cytoplasm
Easiertoidentifyandremove during surgery
Celltype withbest prognosis

Sarcamatoid Mesothelioma
Overlapping, irregular shape

Enlarged, elongated structure
Metastasize and spread quickly Most challenging prognosis
ofthethreetypes of mesotheliomacells

BiphasicMesothelioma
Combination of epithelioid and sarcomatoid cell types

Prognosis varies depending on cell prevalence
Second most common celltype diagnosis
Cellsclumptogetherinseparate groups

Source: 2025 MesotheliomaGuide.com

SYMPTOMS &SIGNS
Developing mesothelioma or other asbestos-related disease can sometimes take over 20

years after theinitial exposure. Symptoms can often be mistaken for other commonand|less-
severeillnesses. Because of thelonglatency period, seniors, including veterans, are the most
affected group.

Pleural Mesothelioma
Ifthe tumorsforminthe pleural space (tissue lining of the lungs), symptoms canbe:

«  Chroniccoughandhoarseness

«  Difficulty breathingorshortness ofbreath

« Issuesswallowing(the sensation of food getting stuckinthe throat)
. Paininthe side ofthe chest orlowerback

Peritoneal Mesothelioma
Cancerous cells that forminthe tissuelining the abdomen may cause the following:

. Abdominal pain

«  Constipation

. Fluid or swellingintheabdomen
«  Nauseaandvomiting




Pericardial Mesothelioma
The rarest site of mesothelioma involves tumors growing in the tissue linings of the heart.

Symptoms caninvolve:

e Chestpain

. Irregular heartbeat
. Heartmurmur

»  Shortnessofbreath

Diagnostic Work Up
Chest X-Ray (CXR)

Typical findings on CXR include Pleural effusion (Most likely unilateral exudative or
haemorrhagic in nature, rich in mesothelial cells with frozen hemi thorax), Loss of volume,
Nodular pleural thickening, Irregular fissure thickening, Or a localized mass lesion. The
presence of pleural plaques may alert the clinician to prior asbestos exposure, even in the
absence of known exposure. However, chest radiograph appearances are generally
insensitive and nonspecificand furtherimagingis usually required

Figure 4: CXR showingPleural Effusionand Thickening

Source :ISSN: 1755-5191 Diagnostic imaging and workup of malignant pleural mesothelioma

CT-Chest
CT-Chest continues to be the mainstay imaging technique for the initial assessment of MPM

and plays a primary role in structuring the subsequent diagnostic and staging evaluation as
well as therapeutic decision-making process. Technical CT factors are very important for
reaching the correct diagnosis. Pleural enhancement, Iniltration of chest wall, mediastinum
ordiaphragm. Nodular or mediastinal pleural thickening, Inter-lobarissure nodularity.
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FIGURE 5. Malignant pleural mesothelioma.
Axial contrast-enhanced CT image demonstrates

circumferential irregular pleural thickening (white
arrow) and mediastinal lymphadenopathy

FIGURE 6. Malignant pleural mesothelioma.
Axial contrast-enhanced CT image demonstrates

right subtle circumferential pleural thickening
(white arrow) and ipsilateral volume loss.

Source : ISSN: 1755-5191 Diagnostic imaging and workup of
malignant pleural mesothelioma

FIGURE 7. Malignant pleural
mesothelioma.
Axial (a) and sagittal reformatted

(b) contrast-enhanced CT
images showing extensive
nodular pleural thickening (white
arrows) and a large-sized pleural
effusion.

Source : ISSN: 1755-5191 Diagnostic imaging and workup of malignant pleural mesothelioma




Common Immunohistochemical Stains Used To Differenate Malignant
MesotheliomaFrom MetastacAdenocarcinoma

Malignant Mesothelioma Adenocarcinoma
CK5/6 TTF-1
Calre nin D2-40 Napsin A Ber-EP4 B72.3
WT-1 CEA
Leu-M1
MOC-31
Claudin-4

Toestablishthediagnosisatleast 2 positive mesotheliomaand2 negative carcinoma
markers mustbepresent

Molecular Markers; Fluorescence In Situ Hybridization (FISH) testing is highly speciic tool to
detect p16 deletion used for differentiation between benign versus malignant mesothelial
proliferations.

Role of Thoracoscopy & Image-Guide Biopsy
Pleural fluid cytology and non-image-guided Abrams or Cope biopsies have sensitivities of

approximately 30% for detecting malignant mesothelioma, and thoracoscopic biopsy has a
sensitivity of approximately 90%. The difference between these two probably relates to
obtainingadequate tissue. The use ofimmunohistochemical stains allows a firm diagnosis to
be madefromrelatively smallsamples.

Staging
Primary tumor
TONo evidence of primary tumor

T1 Tumor limited to the ipsilateral parietal pleura with or without mediastinal pleura and with

orwithout diaphragmatic pleuralinvolvement

T1aNoinvolvementofthevisceral pleura

T1b Tumaralsoinvolvingthe visceral pleura

T2 Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal,

diaphragmatin, andvisceral pleura) with atleast one of the following:

. Involvement of the diaphragmatic muscle

. Extension of tumor from the visceral pleura into the underlying pulmonary parenchyma
T3 Locally advanced but potentially rasectable tumor; tumor involving all of the
ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura)
withatleast one of the following:

«  Involvementoftheendthoracicfascia

. Extensionintothe mediastinalfat

«  Solitary, completely resectable focus of tumor extending into the soft tissue of the
chestwall

. Non-transmuralinvolvement ofthe pericardium

T4 Locally advanced, technically unrespectable tumor; tumor involvingallofthe ipsilateral

pleural surfaces (parietal, mediastinal, diaphragmatic, andvisceral pleura) ~ withatleastone

ofthefollowing:

. Difuse extension or multifocal masses of tumor in the chest wall, with or without

associatedribdestruction
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. Direct diaphragmatic extension of the tumor to the peritoneum

. Direct extension ofthe tumor tothe contralateral pleura

. Direct extension of the tumortoamediastinal organ

. Direct extension ofthe tumorintothe spine

«  Tumor extending through to the internal surface of the pericardium with or without a
pericardial effusion or tumor Involving the myocardium

Regionallymphnodes
NX Regionallymphnodescannotbeassessed

NO Noregionallymphnode metastases

N1 Metastasesintheipsilateralbronchopulmonary or hilarlymphnode

N2 Metastasesinthe subcarinal orintheipsilateralmediastinallymphnode,includingthe
ipsilateralinternalmammary and peridiaphragmatic nodes

N3 Metastasesinthe contralateral mediastinal, contralateralinternal mammary, ipsilastinal,
contralateral supraclavicularlymphnodes

Distant metastases
MO Nodistantmetastases

M1 distantmetastases

Stage grouping

Stage T N M
1A Tla NO Mo
1B Tib NO Mo
I T2 NO Mo
T1T2 N1 Mo

1] T1,T2 N2 Mo
T3 NO,N1,N2 MO

T4 Any N MO

v Any T N3 MO
Any T Any N M1

Staging

Staging in thase with borderiine

CT thonax
& upper
abdomen

— EBUSEUS




TreatmentOptionsForMesothelioma

«  Pleurodesisuseschemicalsordrugstoproduce ascarinthe space betweenthelayers of
the pleura. Fluid is first drained from the space using a catheter or chest tube and the
chemical or drug is put into the space. The scarring stops the build-up of fluid in the
pleural cavity.

*  Pleurectomy And Decortication is done to remove part of the covering of the lungs and
liningofthe chest walland part of the outer surface of thelungs.

«  Extrapleural Pneumonectomy is surgery to remove one whole lung and part of the
liningofthe chestwall, the diaphragm, and the pericardium.

. Chemo-Radio Therapy is administered as adjuvent therapy to some patients after
surgery.

Immunotherapy drugs usedto treatadvanced mesotheliomainclude:

1. ipilimumab

2. nivolumab

Other immunotherapy drugs, such as durvalumab, are being studied in malignant
mesothelioma.

Targeted therapy uses drugs or other substances to identify and attack speciic cancer cells.
Bevacizumab is a targeted therapy drug used to treat malignant mesothelioma. Other

targetedtherapies, suchasramucirumab, are being studiedin malignant mesothelioma.

Treatment

MPM staged and determined suitable
for multimodality treatment

Consideration of VATS pleurodesis

Macroscopic complete resectiona
with/without induction
Platinum-pemetrexed ChTb

Complitation of up to 6 cycles of ChT
(Platinum-pemetrexed)
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Coal Worker's Pneumoconiosis (CWP)

Authors: Dr. Saadia Ashraf & Dr. Shahid Salam

Coal Worker Pneumoconiosis (CWP), also known as black lung disease, is a progressive and
preventable occupational lung disease caused by prolonged exposure to coal dust. It's one of
the most common condition affecting coal workers across the world and more specifically in
Pakistan, particularly those involved in underground mining or those working with high
concentrations of coal dust (brick factories). CWP is a significant global health concern, with
high rates reported in countries where coal mining is prevalent, such as the Pakistan, China,
and India.

This guideline will provide an in-depth understanding of CWP, focusing on its epidemiology,
causes, signs and symptoms, diagnosis, and treatment options. Understanding of these
aspects is very important for healthcare professionals involved in the care of workers
exposed to coal dust and for those in occupational safety management roles to reduce
exposure.

Epidemiology

CWP is one of the oldest known occupational diseases, with documented cases dating back

to the 18th century. However, its prevalence remains high in coal mining regions, particularly

amongolder miners who have experiencedlong-term exposure to dust.

In Pakistan, where coal mining s a significant industry, CWP has become a great public health

concern. The epidemiology of CWP in Pakistan is affected by several factors, including the

widespread use of manual mining techniques, poor working conditions, and inadequate
protective measuresforminers.

1. Prevalence: The global prevalence of CWP varies based on geographic region, industry
practices, and regulatory oversight. A 2019 study by the CDC found that approximately
1in 5 coal miners with over 25 years of exposure to coal dust showed signs of CWP.' Inthe
Pakistan, a study conducted in the 2017 showed that up to 30% of coal miners in some
regions of Pakistan could develop CWP due to prolonged exposure to coal dust without
sufficient protective measures. The prevalence of CWP in Pakistan is high, specially in
Balouchistan, Khyber Pakhtunkhwa, and parts of Sindh.

2. At-RiskPopulation: Coalminers, particularly those engagedinunderground mining, are
at the highest risk for developing CWP. Miners often work in hazardous conditions, with
exposure to coal dust levels far exceeding occupational safety limits. Workers involvedin
manual or small-scale mining, where safety measures are typically not enforced, are
more susceptible torespiratory diseases.

3. Age and Duration of Exposure: The development of CWP is strongly associated with
the duration of exposure to coal dust. The risk of disease increases significantly in




miners who have worked for 15 years or more. The disease typically manifests in miners
who are over the age of 50, although early onset can occur in individuals with severe and
prolonged exposureto highlevels of dust.””

4. Gender and Occupation: CWP predominantly affects male miners, as the coal mining
workforce has historically been male-dominated. However, as gender roles in mining
have evolved, there has been a gradual increase in the number of female workers
exposed to coal dust especially in the bricks factories where coal is used as the main
source of fuel, potentially altering the demographic trendsin the future.’

5. Geographic Variation: The disease remains highly prevalent in areas with ongoing coal
mining operations. In the Pakistan, miners in regions such as Khyber Pakhtunkhwa and
Balouchistan experience some of the highest rates of CWP. Similarly, countries like
China and India, where coal mining is a major industry, report a high burden of the
disease.’

Causes
CWP is caused by the inhalation of coal dust, consisting of small particles that can penetrate

into the lungs. With the passage of time, they accumulate and lead to inflammation, fibrosis,
andscarring oflungtissue.

1. Coal Dust: The primary cause of CWP is prolonged exposure to coal dust, which contains a
mixture of carbon, silica, and other minerals. The size of coal dust particles is critical in
determining their harmful effects. Only particles that are small enough (respirable dust) can
reach the alveoli, where they cause the greatest damage. Continuous exposure to high
concentrations of dustis necessary for the development of CWP.'

2. Silica Dust: Coal miners are often also exposed to silica dust, especially in mines where
both coal and silica-rich rocks are extracted. Silica is a known carcinogen and contributes
significantly to the severity of CWP. Studies have shown that miners exposed to both coal
dustandsilicaare morelikely to develop more severe forms of the disease, suchas PMF.**

3. Duration and Intensity of Exposure: The risk of developing CWP increases with the
duration of exposure. Miners who have worked in high-dust environments for 10 to 20 years
are at higherrisk, with the disease becoming more likely after 25 years of exposure. However,
high-intensity exposure over shorter periods can also lead to the development of the
disease, particularly when effective dust controlmeasures are lacking.’

4. Environmental and Occupational Factors: The amount of dust generated depends on
several factors, including the type of mining operation, the mining method, and the level of
ventilation. Underground mining, especially in older mines with poor ventilation, poses the
highest risk for coal dust exposure. Inadequate dust control measures and poor use of
personal protective equipment further contribute to the risk of developing CWP.**

5. Genetic Factors: Although environmental factors primarily cause CWP, genetic
susceptibility may influence an individual's risk. Some workers may have a heightened
inflammatory response to coal dust, making them more likely to develop CWP even after
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relatively short periods of exposure.’

Pathogenesis

The pathogenesis of CWP involves a complexinterplay of environmental factors (such as coal
dust)andthe body'simmuneandinflammatoryresponses.

1.Inhalation of Coal Dust:

Primary Exposure: CWP begins when a person inhales coal dust particles, which are
composed primarily of fine particles of carbon and silica, along with other minerals found in

coal. These particles can be inhaled deeply into the lungs, particularly during mining
operations.

Particle Size: The dust particles responsible for CWP are usually small enough to penetrate
the respiratory system and reach the alveoli. Particles with a diameter of less than 10
micrometers (PM10) are particularly dangerous because they can bypass the natural
defencesoftheupperrespiratorytractandlodgeinthelowerrespiratory system.

2.Lung'sInitial Response to Dust: Once coal dust particles are inhaled, they are depositedin
the alveoli. The body's immune response begins with the activation of macrophages. Coal
Dust Uptake: Macrophages phagocytise the coal dust, but due to the inert nature of coal
particles, these cells cannot completely eliminate them. The dust particles accumulatein the
macrophages, leading to therelease ofinflammatory mediators.

3.Inflammatory Response:
Cytokine Release: The accumulation of coal dustinmacrophages triggers the release of pro-

inflammatory cytokines, such as tumor necrosis factor (TNF), interleukins (e.g., IL-1, IL-6),
and other chemokines. These cytokines recruit additional immune cells (neutrophils and
lymphocytes)to the site of deposition.

Oxidative Stress: Coal dust particles can generate free radicals and reactive oxygen species
(ROS), which cause oxidative stress, further damaging the lung tissue and enhancing the
inflammatoryresponse.

Fibrosis Development: Chronic inflammation and tissue injury activate fibroblasts (cells
responsible for collagen production), leading to the deposition of extracellular matrix
proteins like collagen. This causes fibrosis (scarring) in the lungs, particularly around the dust
particles, whichisahallmark of CWP.

4.Formation of Coal Macules and Nodules:
Coal Macules: In the early stages of CWP, small areas of blackened tissue called coal macules

are formed. These are characterized by a collection of coal dust and inflammatory cells
(mainly macrophages). Coal macules do not initially impair lung function.

Progression to Coal Nodules: Over time, continued exposure and the inflammatory
response cause the macules to evolve into larger lesions known as coal nodules. These
nodules are composed of fibrous tissue and macrophages and are surrounded by a fibrotic
reaction. They may eventually lead to progressive massive fibrosis (PMF) in severe cases.

5.Progressive Massive Fibrosis (PMF):
Fibrotic Lung Damage: In the advanced stages of CWP, the accumulation of fibrous tissue in

the lungs leads to the formation of large fibrotic masses or conglomerates. This condition is
known as progressive massive fibrosis (PMF).
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Impaired Gas Exchange: As fibrosis progresses, the lung architecture is severely altered, and
the surface area for gas exchange is reduced. This results inimpaired oxygen uptake, leading
to respiratory symptoms such as shortness of breath, cough, and reduced exercise
tolerance.

6.Immunologicand GeneticFactors:
Immune System Dysfunction: The immune response to coal dust is variable between

individuals. In some, a chronic inflammatory response is mounted, leading to tissue damage
andfibrosis, while others may not develop the disease despite similar exposure levels.
Genetic Predisposition: Some genetic factors may influence susceptibility to CWP.
Variations in genes that regulate inflammation, immune responses, and lung repair
mechanisms may predispose certain individuals to develop more severe forms of the
disease.

7.Additional Factors Contributing to Pathogenesis:
Silica Dust Exposure: Many coal mines also contain silica dust, which exacerbates the

disease. Silica is a more potent inducer of fibrosis compared to coal dust alone. Silicosis, a
similar pneumoconiosis caused by silicaexposure, often coexists with CWP inminers, leading
toamoreaggressive disease course.

Co-occurrence of Other Respiratory Conditions: Miners are at an increased risk of
developing other chronic lung conditions, such as chronic obstructive pulmonary disease
(COPD), bronchitis, and emphysema, which can further worsen the respiratory symptomsin
CWP.
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Miners inhale fine particles reaching the alveoli

INITIAL PULMONARY RESPONSE

Alveolar macrophages engulf coal particles

|

INFLAMMATION AND OXIDATIVE STRESS

Release of pro-inflammatory cytokines and reactive
oxygen species

|

CHRONIC INFLAMMATION AND FIBROSIS DEVELOPMENT

Fibroblast activation and deposition of collagen

i

FORMATION OF COAL MACULES AN NODULES

Small blackened foci progress to larger fibrotic lesions

|

PROGRESSIVE MASSIVE FIBROSIS (PMF)

Impaired gas exchange due to fibrotic lungs




Signsand Symptoms
The signs and symptoms of CWP can develop gradually over time and are often mild at first.

As the disease progresses, it can lead to significant impairment of lung function and overall
health.

1.Early Symptoms:

Chronic cough is one of the earliest signs of CWP is a persistent cough, which may initially be
dry but canbecome productive with time as the disease progresses. Dyspneainitially occurrs
during physical exertion and gradually worsens, even during rest, as lung function
deteriorates. Fatigue and reduced stamina are common in the early stages and are often
attributed to the gradual decrease in oxygenation due to impaired lung function. Wheezing
may be presentasaresult of airway narrowing caused by fibrosis and inflammation.
2.Progressive Symptoms:

Asthe disease advances, patients experience more severe shortness of breath, even at rest.
This can significantly impair their ability to perform daily activities and work. Pain or tightness
inthe chest may occur due to inflammation and scarring oflung tissue. Cyanosis may occurin
advancedstages ofthedisease. Clubbingisalate sign.

3.Progressive Massive Fibrosis (PMF):
In severe cases, the formation of large fibrotic masses leads to PMF. This is characterized by

extensive scarring and lung destruction, leading to respiratory failure, severe hypoxia, and
the need for oxygen therapy. PMF is associated with a significant increase in morbidity and
mortality among coalminers.

Diagnosis

The diagnosis of Coal Worker Pneumoconiosis is based on a combination of occupational
history, clinicalexamination,imaging studies, and pulmonary function tests.

1. Occupational History:

A comprehensive occupational history is essential for diagnosing CWP. Healthcare providers
should inquire about the duration, type, and intensity of coal dust exposure, including
whether the individual worked in underground or surface mining operations, and if they were
involved in high-risk tasks such as drilling or cutting coal.™

2.Clinical Examination:

During physical examination, the clinician may detect signs of chronic lung disease, such as
crackles on auscultation, wheezing, or reduced breath sounds. In later stages, signs of
respiratory failure, including cyanosis and use of accessory muscles of respiration, may be
evident.®

3.Chest X-ray:

Chest radiographs remain the most widely used diagnostic tool for CWP. Radiographic
findings include small opacities (ranging from 1-10 millimeters) and nodules that represent
the accumulation of coaldustinthelungs. As the disease progresses, larger opacitiesand the
formation of PMF may become visible.” The ILO classification system is commonly used to
assessthe severity offindings on chest X-rays.’

4.CT Scans:

High-resolution computed tomography (CT) scans are more sensitive than traditional X-rays
and candetect early signs of CWP, including smallnodules, emphysema, and fibrosis that may
not be visible on standard X-rays. CT scans are particularly useful for evaluating PMF and
other complications of CWP.

5.Pulmonary Function Tests (PFTs):
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These tests assess the functionality of the lungs and can detect the presence of obstructive
or restrictive patterns. In CWP, restrictive patterns with decreased lung volumes, such as
totallung capacity and forced vital capacity,are commonly observed.

6.Sputum Analysis:
Although not routinely used in diagnosis, sputum analysis can be performed to detect the

presence of coal dust particles orinflammatory markers.

ILO Classification of CWP
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PMF in patient with CWP

Treatment
There is no cure for Coal Worker Pneumoconiosis, and treatment is primarily focused on

managing symptoms, slowing disease progression, and improving the quality of life.

1. Prevention: The most effective approach to CWP is prevention. This includes reducing
dust exposure in coal mines through the use of dust control measures, ventilation systems,
and personal protective equipment, such as respirators. Regular monitoring of dust levels
andhealth screeningfor minersare essential.”’

2.Medical Management:
. Bronchodilators: They may have some improvement in the lung functions and

symptoms of patients with CWP as most patients are smokers as well and have
concurrent COPD.

«  Corticosteroids:Incases with significantinflammation, corticosteroids may helpreduce
lunginflammationandimproverespiratory function. The dose of steroidis 0.5-1mg/dI.

. LTOT: For patients with severe hypoxia, supplemental oxygen is necessary to maintain
adequate oxygenlevels and prevent complications such as cor-pulmonale.

3. Pulmonary Rehabilitation: Pulmonary rehabilitation is an essential component of care for

CWP patients. Itincludes exercise training, nutritional support, and educational programs to
help improve overall lung function, decrease symptoms, and increase physical capacity. It is
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particularly beneficial for those withadvanced disease,
4.Management of Complications:
« Infections: Respiratory infections are common in CWP patients due to compromised

lung defences. Antibiotics or antiviral treatments may be prescribed if an infection is
suspected.’

. Progressive Massive Fibrosis (PMF): PMF requires a more intensive management
approach, including oxygen therapy, pulmonary rehabilitation, and, in extreme cases,
lung transplantationiflung function deteriorates to the point of respiratory failure."
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Silicosis

Author: Dr. Muhammad Azam Mushtaq

Silicosis has been recognized for centuries as one of the most important occupational lung
diseases. It remains a global health issue despite being entirely preventable. With increasing
industrialization, especially in mining, stone crushing, ceramics, construction, and glass
production, silicosis continues to cause significant morbidity and mortality. These guidelines
are tailored for use in low- and middle-income countries (LMICs) with a high burden, while
incorporatingbest practices from developed countries.

Epidemiology & Burden
Globally, millions of workers remain at risk of silica exposure. Prevalence varies depending on

industrial practices and dust controlmeasures. In Pakistan, silicosisis particularly prevalentin
Punjab's stone-crushing and brick kiln industries, Sindh's industrial zones, KP's mining
regions, and Balochistan's coal and phosphate mines. Documented deaths exceed hundreds
annually, though underreporting is likely. Internationally, silicosis continues to burden India,
China, and parts of Africawhere occupational health standards remain weak.

Etiology & Risk Factors
Silicosis results from inhalation of respirable crystalline silica particles (quartz, cristobalite,

tridymite). Occupationalrisk factorsinclude:

«  Mining(stone, sand, coal, granite)

«  Construction (cutting, drilling, grinding concrete, brick, marble)

«  Manufacturing(ceramics, pottery, glass)

«  Sandblasting

Host risk factors: duration of exposure, poor ventilation, lack of PPE, concurrent TB, and
smoking.

Pathophysiology
Wheninhaled, silica particles depositinalveoliwhere they are engulfed by macrophages.

This triggers release of cytokines and growth factors, leading to inflammation, fibroblast
activation, and fibrosis. Progression occurs from nodular lesions to coalescent nodules and
massive fibrosis. Acute silicosis results from overwhelming exposure causing alveolar
proteinosis.

Histological Classification
Histological classifications of silicosis are primarily based on the severity and pattern of

fibrosis in the lung tissue. The disease is typically divided into three main types acute,
accelerated, and chronic with the chronic form further subdivided into simple and
complicated.
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1. Acutesilicosis (silicoproteinosis)
This is the most aggressive but rarest form, resulting from a high-intensity, short-term

exposuretofinesilicadust.

Microscopic features: The histological findings resemble pulmonary alveolar proteinosis.
The alveolar spaces are filled with an eosinophilic, finely granular, lipoproteinaceous material
mixed with foamy macrophages.

Silicoticnodules: may be poorly formed or even absent in this type. Outcome: It has a rapid
onsetandhighmortality rate.

2.Chronicsilicosis

The most common type, developing after decades of low-to-moderate exposure. It
presentsintwo forms:

(a)Simplesilicosis Microscopicfeatures:

Characterized by the presence of mature silicotic nodulesinthe lung parenchyma.
Silicoticnodule:

Awell-deined, rounded nodule with a classic "whorled" pattern of hyalinized collagenibers.
Peripheralinlammation:

The nodule is surrounded by a cellular periphery of dust-laden macrophages and
lymphocytes.

Silicaparticles:

Birefringent silica crystals can be seen within the nodule when viewed under polarized light
microscopy.

Gross features:

Discrete, palpable, hard nodules, typically distributedin the upperlobes.

Lymphnodes:

Hilar and mediastinal lymph nodes frequently contain silicotic nodules and may exhibit
characteristic "eggshell” calciication.

(b)Complicatedsilicosis(Progressivemassiveibrosis,PMF)

Microscopicfeatures:

Thisistheresult of the coalescence ofindividual silicotic nodules to formlarge, conglomerate
masses ofdensescartissue.

Centralnecrosis:

The ibrous masses may show central necrosis, potentially leading to cavitation, often from
superimposedinfectionlike tuberculosis.

Distortion:

Signiicantarchitectural distortion of thelungparenchymais present.

Grossfeatures:

Large,irm, blackened ibrous masses measuringmore than 1 cmin diameter, most commonly
intheupperlobes.

Appearance:

They migrate toward the hilum, causing compensatory emphysema in the surrounding lung
tissue.




3. Acceleratedsilicosis

Onset:

A more rapidly progressive form than chronic silicosis, developing within 5 to 10 years of
exposure to highlevels of silica.

Microscopicfeatures:

The histological appearance is similar to chronic silicosis but with faster development of
ibrosis.

Progression:

It often progresses more rapidly to PMF

Left: gross scaring of predominantly upperlobe
Right: Coalescent Fused Silicotic Nodule have a Whorled and Hyalinized Appearance.

Crawford JA, Sanyal S, Burnett BR, Wiesenfeld SL, Abraham JL.

Accelerated silicosis in sandblasters: pathology, mineralogy, and clinical correlates. Am J Ind
Med.

2024;67:179-199.d0i:10.1002/ajim.23561
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Left) (A) nearly normallung (B) subpleural and focal
airspace filling with pigmented macrophages (C)
detail of airspace macrophages, showing fine dust
content (D) focal dust macular lesion with mild
centrilobular emphysema (E) focal interstitial
cellular granuloma with normal surrounding lung.
(F and G) Detail of macrophages with fine opaque
(F) and Birefringent particles noted with PLM (G).
(H) Patchy interstitial infiltration by dusty
macrophages (I) more diffuse interstitial
infiltration by dusty macrophages (J) detail of
interstitial dusty macrophages with very fine
particles.

Crawford JA, Sanyal S, Burnett BR, Wiesenfeld SL,
Abraham JL. Accelerated silicosis in sandblasters:
pathology, mineralogy, and clinical correlates. Am
JIndMed.
2024;67:179-199.d0i:10.1002/ajim.23561

(Right) (K) interstitial fibrotic dusty nodule.

(L) Interstitial aggregates of macrophages with
mild fibrosis, not yet recognizable as developing
silicotic

nodule. (M) Developing silicotic nodules in diffuse
interstitial cellularity. (N) Two developing cellular
silicotic nodules with mild fibrosis.

(0) Small developing silicotic nodule with cellular
peripheryand smallnodular center.

(P) More developed silicotic nodule and adjacent
fociof dusty macularlesionsand perivascular dust.
(Q) Diffuse interstitial macrophages with small
focus of PAP (arrow). (R) Focal area of PAP in cellular
interstitiallesion.

(S) PMF with confluent silicotic nodules and focal
calcification. (T) Left: SEM image of silicotic
nodule, higher magnification of boxed area (arrow)
is shown in center frame, showing brighter
inorganic dust particles, Right: silicon X-ray
distributionmap revealslocation of silica particles.




Clinical Presentation

Symptomsdevelopinsidiously and vary with disease type:

«  Chronicsilicosis: Dyspneaon exertion, chronic cough, sputum, fatigue.

*  Acceleratedsilicosis: More severe symptoms develop within 5-10years.
«  Acutesilicosis: Rapid onset dyspnea, weightloss, hypoxemia, oftenfatal.

Complications: Tuberculosis (silico-TB), lung cancer, COPD, cor pulmonale.

Diagnosis

Diagnosisrequires correlation of exposure history, radiology, and lung function:

. History: Duration, intensity, and type of exposure.

« Imaging: Chest X-ray showing nodules, coalescent masses, or progressive massive
fibrosis (PMF). HRCT provides greater sensitivity.

g "\

«  PulmonaryFunction Tests: Restrictive, obstructive, or mixed pattern; reduced DLCO.
«  Exclusionofothercauses: TB, sarcoidosis, hypersensitivity pneumonitis.

Silicosis should be suspected in any worker with respiratory symptoms and occupational
exposuretosilicadust.
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Disease Severity & Grading
Severityis classified by radiological findings and lung function:

. Mild: Smallnodules, FEV1 >80%.

«  Moderate: Coalescentnodules, FEV160-79%.

«  Severe:Progressive massive fibrosis, FEV1 <60%, hypoxemia.

TheILO International Classification of Radiographs of Pneumoconioses is recommended for
standardized grading.

Management

There is no curative therapy; management focuses on exposure cessation, symptom relief,

and prevention of complications:

A.Exposure Control:

. Immediate removal from further silicaexposure.

B.Medical Management:

. Bronchodilators andinhaled corticosteroids forairway symptoms.

«  Oxygentherapyforhypoxemia.

«  Treatmentofinfections (particularly TB).

C.Pulmonary Rehabilitation:

. Exercise training, breathingtechniques, education.

D. Advanced Options:

. Lungtransplantationinselectedcases.

E.Referral Criteria:

. Rapidly progressive disease, FEV1 <60%, PMF, or suspected lung cancer [ specialist
care.

Prevention & Occupational Health

Primary prevention:

«  Engineeringcontrols: Wet cuttingmethods, ventilation, dust suppression.
. PPE:N95 orhigherrespirators.

. Dust monitoring: Regular workplace RCS monitoring.

»  Workereducationandtraining.

Secondary prevention:

e Annualspirometryandchest X-rays.

. Pre-placementand periodic medical exams.

Tertiary prevention:
«  Compensationschemes,rehabilitation, registryreporting.

Prognosis & Complications
Prognosis depends on exposure cessation and disease stage. Chronic silicosis may remain

stable foryears, whereas accelerated and acute forms progress rapidly with poor outcomes.
Complicationsinclude recurrentinfections, silico-TB, lung cancer, COPD, and cor pulmonale.

Recommendations
1. Allindividuals with history of silica exposure and respiratory symptoms should undergo

chestimagingand spirometry.

2. GPs should refer patients with FEV1 <80% predicted, progressive symptoms, or
abnormalimagingto pulmonologists.

3. Industries must adopt engineering controls, PPE, and dust monitoring per WHO/ILO
standards.

4. Nationalgovernmentsshould establishsilicosisregistriesand compensationschemes.




Algorithm

Diagnosis:

@ Occupational exposure history @ Symptoms (cough, dyspnea)
@ Chest X-ray/HRCT @ Spirometry @ Exclude TB/asthma
@ Classify severity.

Management:

@ Confirm diagnosis @ Remove from exposure

@ Supportive therapy (bronchodilators, oxygen)

@ Pulmonary rehabilitation @ Monitor progression
@ Refer for transplantation in advanced cases.

References
1.WHO:Elimination of Silicosis - Global Strategy
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Bagassosis

Author: DrKhalid Waheed

Bagassosis is a rare form of hypersensitivity pneumonitis (HP), also known as extrinsic
allergic alveolitis, caused by the inhalation of dust from bagasse, the fibrous residue left after
the extraction of juice from sugarcane. This dust, when contaminated with thermophilic
microorganisms such as Thermoactinomyces sacchari, can trigger an immunologically
mediated inflammatory response in the alveoli and interstitial tissues of the lungs. Though
uncommon, bagassosis remains an important occupational lung disease, particularly in
countries with a significant sugarcane processing industry. Being one of the largest sugar
manufacturing country and still the presence of industries in the unorganized sector, it is one
ofunnoticeddiseasesinsome part of our country.

Thereis no specific, recent data on the exact number of cases in Pakistan, research suggests
it's a rare disease and is now almost non-existent due to preventive measures. Historically,
cases were more common in sugar factory workers, but advancements in dust control and
bagasse processing have significantly reduced its incidence. Bagassosis was initially more
prevalent in sugar factories, especially during the manual processing of bagasse when dust
levels were higher. The use of dust controlmeasures (wetting bagasse, improving ventilation,
using masks), as well as advancements in machinery and processing methods, have
dramatically decreased theincidence ofbagassosis.

Etiology and Pathogenesis
Causative Agents
The primary etiological factor in bagassosis is the inhalation of moldy bagasse dust

containing thermophilic actinomycetes, particularly Thermoactinomyces sacchari and
Thermoactinomyces vulgaris. Other implicated organisms include Aspergillus species and
various thermophilic fungiandbacteria.

Source of Exposure
Bagasseisusedindustriallyin:

. Paperand pulp manufacturing

. Biofueland biomass production

. Animalfeed preparation

«  Construction materialslike particleboard

Microbial contamination occurs when bagasse is stored in damp, warm conditions, which
promotes the proliferation of thermophilicorganisms.

Occupational Riskand Environmental Exposure
Occupational groupsatriskinclude:

e Sugarcane millworkers

»  Workersinpaper,pulp,andparticleboardindustries usingbagasse
. Biofuel plant workers

«  Animalfeedprocessors

e Agriculturalworkershandling storedbagasse




Pathophysiology
Bagassosis is an entity caused by an allergic reaction to bagasse dust which is a major

remaining product of the sugarcaneindustry. This productis usedin the manufacture of pulp,
paper industries, as biofuel or in lacquer ware crafts."” The size of the bagasse dust particle
ranges from 0.08 to 9 um. This is significant because the dust particles of size 0.4 um can
reach the respiratory bronchioles and cause either sensitization, alveolitis, or subsequent
fibrosis depending on the duration of exposure, with the influence of individual's genetic and
environmentalfactors."**

Bagassosis is a classic example of hypersensitivity pneumonitis resulting from an
exaggeratedimmuneresponse toinhaled organicantigens.

Immunological Mechanisms
1. Type lll hypersensitivity: Immune complex formation leads to complement activation

and neutrophilicinflammation.
2. TypelVhypersensitivity: Adelayed-typeresponse mediated by sensitized T cells.

Histopathology
. Alveolitis withmononuclearinfiltrates

. Non-caseatinggranulomas

. Interstitial fibrosisinchronic stages

Prolonged antigen exposure results in chronic inflammation, progressive fibrosis, and a
restrictive ventilatory defect.

Clinical Features
AcutePresentation
Occurs 4-8 hours post-exposure:

. Fever, chills, malaise

. Dry coughevolvinginto productive cough

«  Dyspnea,chesttightness

«  Myalgiaandfatigue

Symptoms typically remit on cessation of exposure (weekends, vacations).

ChronicPresentation
Results fromrepeated or continuous exposure:

. Progressive exertional dyspnea

«  Chroniccoughwithsputum

«  Weightloss, fatigue

. Digital clubbingand signs of cor pulmonaleinadvanced disease

Physical Examination
. Fine, end-inspiratory crackles (velcro-like), especially at lungbases

»  Occasionalwheezing

Diagnostic Evaluation
History and Clinical Suspicion
A detailed occupational history is pivotal. Correlation of symptoms with exposure supports

diagnosis.
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Pulmonary Function Tests (PFTs)
»  Restrictivepattern: | TLC, | FVC

«  Normalor1FEV1/FVCratio
. |DLCO duetoimpaired gas exchange

RadiologicalImaging
»  ChestX-ray: Diffusereticulonodular opacities,
e High-ResolutionCT (HRCT):
«  Ground-glassopacities mainlyinmiddle andlower zones

. Centrilobular nodules
. Mosaicattenuation
. Interstitial fibrosisin chroniccases

BronchoalveolarLavage (BAL)
«  Lymphocytosis(>30%)
. Possible presence of mast cellsand neutrophilsinacute settings

Serologic Tests
. Precipitin (IgG) antibodies against Thermoactinomyces sacchari

Histopathology
Indicatedinuncertaincases:

« Interstitialinflammation
. Non-caseatinggranulomas
. Fibrosisinchronicstages

Differential Diagnosis
. Farmer'slung

« Birdfancier'slung

«  Chronicobstructive pulmonary disease (COPD)
«  Sarcoidosis

» |diopathic pulmonaryfibrosis (IPF)

Management
Avoidance of Exposure
The cornerstone of treatment:

. Immediate cessation of exposure tobagasse dust
. Reassignment tonon-exposedareasintheworkplace

Pharmacological Therapy
«  Corticosteroids: Prednisone (0.5-1 mg/kg/day) for 2-4 weeks, followed by tapering

. Bronchodilators: For reliefin cases withbronchospasm

Supportive Therapy
«  Supplemental oxygenforhypoxemia

. Pulmonaryrehabilitationinchronicdisease

Occupational Health Measures
. Engineering controls: Effective dust extractionandventilation

«  Useofpersonalprotective equipment (PPE)
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«  Pre-employmentandperiodic health screening

. Medical surveillance of at-risk workers

Prognosis
- Favorableifidentified earlyand exposureis discontinued

+ Poorer outcomes with delayed diagnosis and continued exposure, leading to
irreversible fibrosis andrespiratory failure
. Corticosteroid therapyimproves symptoms and prevents progressionin early stages

Prevention
WorkplacelInterventions
. Dust control systems and proper ventilation

. Regular equipment maintenance to prevent dust buildup

Personal Protection
«  Mandatoryuse of masksandrespirators

«  PPEtrainingandcompliance

Health Educationand Surveillance
«  Workereducationonrisksandearly symptoms

. Routine health monitoringincludinglung functiontests

Conclusion
Bagassosis, although rare, remains a significant occupational lung disease in regions with

extensive sugarcane processing. Awareness among clinicians and industrial stakeholders is
critical for early recognition, diagnosis, and prevention. A multidisciplinary approach

involving occupational health, pulmonology, and industrial hygiene is essential for the
effective managementand control of this disease.
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Byssinosis

Author:Dr. Istikhar Ali Sajjad

Byssinosis, is a heterogeneous disease affecting lungs caused by exposure to raw,
nonsynthetic textile material during their manufacturing process. Most common being the
cottonbutalso causedby exposure toflax, jute orhemp dust.

Byssinosis has been recognized as an occupational disease since the 18th century. The term
"byssinosis" was coined in 1970 to describe the disease. In the 1960s and 1970s, studies in
the United States and the United Kingdom demonstrated a clear link between cotton dust
exposure and respiratory disease. This disease complex is also known as "cotton worker's
Lung" "Brown Lung disease" and Monday morning fever (attributed so, as workers get
symptoms of fever and cough on Monday after not havingwork on weekend).

Epidemiology:

Byssinosis is a significant occupational health concern in Pakistan, particularly in the textile
industry. Studies have shown that 20-30% of textile workers in Pakistan suffer from
byssinosis. A study’ conducted in Pakistan showed that 26.6% of the workers had symptom
of frequent sputum production and 16.7% had frequent cough. While in China a cohort study
from 1981 to 1996 showed 15.3% workers reported byssinosis as compared to 7.6% at
baseline. While talking about the developed world, the Center of Disease Control and
Prevention (CDC) data showed decline in number of deaths referred to Byssinosis between
1979 and 2014.3 the incidence is still on raise in developing countries like India, Pakistan,
Nepal, Bangladesh and Sri Lanka. The prevalence of byssinosis is higher in smaller,
unregistered textile mills, where workers are often exposed to high levels of cotton dust
withoutadequate protective measures.

CausesandRisk Factors
The primary cause of byssinosis is inhaling cotton dust, which contains tiny particles of

cotton fibers, dust, and other contaminants. Workers in the textile industry, particularly

those involved in carding, spinning, and weaving, are at highest risk of developing byssinosis.

Otherriskfactorsinclude:

1. Duration and intensity of exposure: Workers with longer duration and higher intensity
of exposure to cottondust are more likely to develop byssinosis.

2. Concentration of cotton dust: Higher concentrations of cotton dust in the work
environmentincreasetherisk of developing byssinosis.

3. Poor ventilation: Inadequate ventilation in the work environment can lead to higher
concentrations of cottondustandincreasedrisk of byssinosis.

4. Smoking: Smoking can exacerbate the effects of cotton dust exposure andincrease the
risk of developing byssinosis.

5. GeneEnvironmentInteraction: Workers with an A allele of TNF-308G/A polymorphism
have agreater FEV1 decline with endotoxin exposure.*
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Pathogenesis:
Itis now thought that the cotton dust directly causes the disease and some believe that the

causative agents are endotoxins that come from the cell walls of gram-negative bacteria that
grow on the cotton. Endotoxins are an independent risk factor for declinein FEV1 and FVC 2.
Although bacterial endotoxin is a likely cause, the absence of similar symptoms in workers in
other industries exposed to endotoxins makes this uncertain. However the evidence
supporting role of endotoxins in pathogenesis of Byssinosis is that endotoxins are detected
in cotton dust. Many animal and human studies support that endotoxins produces airway
inflammation and ambient concentrations of endotoxins correlate with expiratory flow rate
reduction.

The stepsinpathogenesisare asfollows

1. Inhalation of cotton dust/ endotoxins: Cotton dust, containing tiny fibers and
endotoxins, isinhaledintothelungs.

2. Activation of immune cells: Immune cells, such as macrophages and T-lymphocytes,
recognize cottondustas aforeign substance andbecome activated.

3. Release of inflammatory mediators: Activated immune cells release inflammatory
mediators, such as cytokines and chemokines, which recruit more immune cells to the
lung.

4. Inflammation and airway damage: The influx of immune cells and inflammatory
mediators leads to inflammation and damage to the airways, including the bronchioles
andalveoli.

5. Airway obstruction: Chronic inflammation and airway damage lead to airway
obstruction, characterized by narrowing of the airways andincreased airway resistance.

6. Fibrosis and lung scarring: Prolonged exposure to cotton dust can lead to fibrosis and
lungscarring, furtherimpairinglungfunction.

Clinical presentation:
The main distinction of byssinosis from other respiratory diseases comes from the initial

exposure. Patients who have byssinosis have typically been exposedto cotton orjust dust for
an extended period of time and experience symptoms of chest tightness and coughing. The
symptoms of byssinosis can vary depending on the severity of the disease and the
individual's overallhealth.

Typical symptoms include chest tightness, cough, breathlessness, and wheezing, especially
on the first working day after a weekend break (‘Monday Fever' phenomenon). Systemic
symptoms like fatigue and low-grade fever may also occur. On examination, clinicians may
find tachypnea, accessory muscle use, wheezes, rhonchi, and inspiratory crackles in
advancedcases.

Severity Assessment:
Byssinosis severity is graded using the Schilling criteria, which assesses the presence and

intensity of chest tightness/breathlessness on return to work after a weekend off, with
gradesranging fromno symptomsto chroniclungimpairment.

Followingis the Schilling criteriafor byssinosis severity grading:

Grade 0: No symptoms of chest tightness or breathlessnessonthefirstday back at work.
Grade 1/2: Occasional chest tightness or breathlessness on some of the first days back at
work.

82




Grade 1: Chesttightness orbreathlessness onmost of thefirst days back at work.

Grade2: Chesttightnessorbreathlessnessonthe firstand other days of the work week.
Grade 3: Grade 2 plus chronic lung impairment, indicated by a forced expiratory volume in 1
second (FEV1)less than 80% of the predicted value or Radiological evidence of fibrosis

WHO grading system:

The World Health Organization (WHO) also proposed a modification of the Schilling
classification thatincorporates spirometry.’

1. Noeffect:FEV1=80% of predictedvalue

2. Mildtomoderate effect FEV1 60%-79% of predicted value

3. Severeeffect:FEV1lessthan 60% of predicted value

INVESTIGATIONS
1.Pulmonary Function Tests:
In Byssinosis, pulmonary function tests (PFTs) before, after and in between work shifts may

be helpful. PFTs typically show:"

1. Reduced forced expiratory volume (FEV1): Decreased FEV1 indicates airway
obstruction.

2. Reducedforcedvital capacity (FVC): Decreased FVC suggestsrestrictive lung disease.

. Increasedresidual volume (RV): Elevated RV indicates air trapping.

4. Decreased forced expiratory flow (FEF) rates: Reduced FEF rates, such as FEF25-75,
indicate small airway obstruction.

5. Normal or decreased diffusing capacity (DLCO): Decreased DLCO suggests impaired
gasexchange.

These changes in PFTs are consistent with a mixed obstructive-restrictive pattern, which is
characteristic of Byssinosis.

Additionally, PF Ts may also show:

. Reversible airway obstruction: Improvement in FEV1 and FVC after bronchodilator
administration.

«  Expiratoryflowlimitation: Reduced flowrates during forced expiration.

Thesefindings help diagnose and monitor the progression of Byssinosis.

2.Radiological Findings:
Chest X-rays are often not sensitive enough to detect early changes in Byssinosis. X-ray

findings may be used torule out other conditions, such as pneumoniaorlung cancer.

InByssinosis, chest X-rays may appear:

1. Normalinearly stages: Early Byssinosis may not show significant X-ray changes.

2. Hyperinflation:Increasedlungvolumesandflattened diaphragms may be seen.

3. Peribronchial thickening: Thickening of bronchial walls may be visible.

4. Volume loss and fibrosis: X-rays may show signs of reticulations volume loss and
fibrosisinadvance cases.

HRCT chest findings may show normal HRCT or findings similar to hypersensitivity
pneumonitis. Which may show GGO, Centrilobular micronodularity, reticulations
predominantlyinupperand mid zones or head cheese sign.
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Pulmonary Rehabilitation
Pulmonary rehabilitation is a comprehensive program that helps improve lung function,

overallhealth, and quality of life. The program typically includes:

1. Exercise Training: Regular exercise helpsimprove lungfunctionand overall fitness.

2. Education: Patients learn about their condition, symptoms, and management
strategies.

3. Breathingtechniques: Patientslearnbreathingtechniquestohelp manage symptoms.

4. Support: Patientsreceive supportand guidance fromhealthcare professionals.

Personal Protective Equipment

Using personal protective equipment (PPE) can help reduce exposure to cotton dust. PPE

includes:

. Respirators: Respirators canfilter out dust particles, reducing exposure.

«  Masks: Masks can also help reduce exposure, although they may not be as effective as
respirators.

Symptom Monitoring:

Regular monitoring of symptoms and lung function is crucial in managing Byssinosis. This

includes:

1. Spirometry:Regularlungfunctiontestshelp monitor disease progression.

2. Symtom tracking: Patients track their symptoms, allowing for early detection of
changes.

Prevention:
Preventionis keyinmanaging Byssinosis. Strategiesinclude:

1. Engineering controls: Improving ventilation and reducing dust levels can minimize
exposure.

2. Worker Education: Educating workers about risks and prevention strategies can help
reduce exposure.

3. Regular health surveillance: Monitoring workers' health and lung function can help
detectearlysigns of disease.

Prognosis:
The prognosis for Byssinosis varies depending on the severity of the disease and the

effectiveness of management. With early diagnosis and management, symptoms can be
alleviated, and disease progression can be slowed. A longitudinal study of textile workers
found byssinosis to be associated with increased cancer risk, especially GIT related
carcinomas.”

In conclusion, managing Byssinosis requires a comprehensive approach, focusing on

removing the individual from exposure, alleviating symptoms, and preventing further lung
damage. By working together, healthcare professionals, employers, and individuals can help
reduce the burden of Byssinosis.
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Lung Diseases Due To Aluminium Dust Exposure

Author: Dr. Tahir Khan

Aluminium production and use both result in the genera on of various particles, fumes,
gases, and airborne materials with the poten al for inducing a wide range of lung pathology.
Occupational exposure to aluminium dust is increasingly recognized as a cause of chronic
respiratory disease. Workers in aluminium production, polishing, welding, bauxite mining,
and metalworking are particularly at risk. This guideline synthesizes current evidence for
recognition, diagnosis, management, and preven on of aluminium dust-related lung disease,
providingclinicians with a structuredapproach.

Epidemiology & Burden
Severalreportsofintersal lung disease a ributable to aluminium exposure have appeared in

the medical literature over the past 70 years. Globally, millions of workers in aluminium
production and processing are exposed to respirable dust. In South Asia, exposure is
common in unregulated industries such as polishing, cookware production, and recycling
plants. Data are limited, but case series from Germany, China, and Canada have reported
aluminosis and asthma among exposed workers. In Pakistan, occupational surveillance is
weak, and casesarelikely underdiagnosed or misclassifiedas COPD orasthma.

Etiology &Risk Factors

Diseases arise from inhalation of fine aluminium particles and aluminium oxide. Risk factors
include:
Occupations: smelting, mining, welding, polishing, recycling

Durationandintensity of exposure
Lack of dust controland PPE

Smoking (synergistic with chronicbronchitis and lung cancer)
Co-exposuretosilica,asbestos, or otherindustrial dusts

Pathophysiology
Aluminium dust triggers macrophage ac va on, reac ve oxygen species (ROS) genera on, and

fibro c pathways leading to restric ve and obstruc ve defects. Hence, the following disease

patterns canresult fromaluminium dust exposure.

1. Aluminosis or Shaver's disease: was first described in workers exposed to aluminium
andsilica. Aluminosisisanintersal lung fibrosis characterized by upper lung
predominance, peripheral emphysema, and frequent rupture of emphysematous blebs
causing pneumothorax. This paern of pulmonary fibrosisis also called aluminium-lung.

2. Asthma and Chronic Bronchitis: Airway inflamma on and hyperresponsiveness
triggered by aluminium dust exposure leads to asthma which ul mately ends up in
chronicbronchitis.

3. Hypersensitivity alveolitis: Results fromimmune-mediated interstitialinflammation.

4. Pulmonary Alveolar Proteinosis (PAP): Aluminum-induced Interstitial Lung Disease
can present as PAP characterized by the accumulation of a lipoproteinaceous material in
thealveoli.




5. Desquamative Interstitial Pneumonia (DIP): Aluminium exposure can present as DIP,
characterized by intra-alveolaraccumulalation of macrophages.

6. Mediastinal lymphadenopathy: Aluminium dust exposure can present predominantly
with mediastinal lymphadenopathy, with evidence of aluminium particles in the
mediastinal lymph nodes. It may also be associated with pneumonitis. with biopsies
showing granulomas similar to those seen in sarcoidosis and chronic beryllium disease.
The disease differs from sarcoidosis by the identification of aluminium within the
granulomas.

7. Lungcancer:chronicinflammationand genotoxic effects of aluminium compounds.

Given commonly occurring concurrent exposure to other fibrogenic fibres in work
environments, fibrogenic lesions observed in aluminum-exposed workers have been a
ributed to exposure to a mixture of other dusts such as silica and asbestos rather than
aluminum alone. However, analysis of ssues or fluids of the lungs of workers exposed to
aluminium dust showed high concentrations of aluminium fibers, raising the possibility of
aluminum-inducedfibrosis.

Clinical presentation:
Presentationsvarybydisease type:

Aluminosis: exertional dyspnea, dry cough, basal crackles, and clubbing
Chronicbronchi: productives cough for 23 months/yearfor 2 consecutive years
Asthma: episodicwheeze, cough, chest tightness, reversible obstruction
Alveolis: acute/subacute dyspnea, fever, inspiratory crackles

Lungcancer: weightloss, hemoptysis, persistent cough

Diagnosis
A.Occupational History:
Jobtype, duration, intensity of aluminium exposure, ventilation, PPE use, and co-exposure.

B.Clinical Evaluation:

Detailed symptomanalysis

Examination: crackles, wheeze, clubbing

C.Investigations:

Spirometry: Obstructive (asthma/bronchis) orrestrictive (aluminosis/fibrosis)

Chest X-ray:intersal opacies

HRCT: nodules, fibrosis, ground-glass opacities characterized by upper lung predominance
Bronchoscopy/BAL:rule outalternative diagnoses

Biopsy: onlyifdiagnosis uncertain

D.Differental Diagnosis:

COPD, asthma, IPF, silicosis, asbestosis, hypersensivity pneumonis
Disease Severity & Grading

Severity canbe classified by clinical, functional, and radiological criteria:
Mild: FEV1 280%, minimal symptoms, HRCT shows early fibrosis
Moderate: FEV160-79%, exer onaldyspnea, intersal opacies
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Severe: FEV1<60%, advancedfibrosis, hypoxemia, cor pulmonale

Management
A.General Measures:

Immediate removal from aluminium dust exposure
Smokingcessation

B.Pharmacological Therapy:
Bronchodilators andinhaled cor costeroids (asthma/bronchis)

Anfibrotics (pirfenidone, nintedanib) in progressive fibrosis (experimental)
Systemic steroids for hypersensivity alveolis (short course) Chemotherapy/radiotherapy for
lung cancer (oncology referral)

C.Supportive Care:
Pulmonary rehabilitation Oxygen therapy in hypoxemia Vaccinations: influenza,
pneumococcal

D.Referral:
Progressivedisease, FEV1 <60%, suspected malignancy — specialist care

Prevention & Occupational Health
Prevention strategiesinclude:

Engineering controls: dust suppression, wet methods, exhaust ventilation PPE: respirators
(N95 or higher)

Workplace dust monitoringandthresholdlimit values

Health surveillance: pre-placement and annual medicalexams

Worker educationandtraining

Nationalregistriesand compensation schemes

Prognosis & Complications
Prognosisvaries:

Aluminosis: progressive, may lead torespiratory failure

Chronic bronchis/asthma: variable, improved with exposure cessation Alveolus: can
improveifdiagnosed early and exposure avoided

Lungcancer: poor prognosis, late diagnosis common

Complications include cor pulmonale, recurrent infections, respiratory failure, and
malignancy

Algorithms

Di =N

@ Occupational history @ Symptoms

@ Spirometr @ Chest imaging (CXR/HRCT)
@ Exclude differentials @ Classify phenotype.




Management:

@ Confirm @ Remove from exposure
@ Symptom-based therapy (ICS/LABA, antibiotics, steroids)
@ Pulmonary rehabilitation @ Oxygen therapy
@ Oncology referral if malignancy suspected.

Key Recommendations:
. Early recognition of occupational exposure and symptomonset

. Use of detailed exposure history, spirometry, andimagingas primary diagnostic tools

«  Classification of disease phenotypes (aluminosis, bronchitis, asthma, fibrosis, cancer)

. Stepwise management including exposure cessation, pharmacotherapy, pulmonary
rehabilitation, and referral whenindicated

. Strong emphasis on prevention: dust suppression, PPE, surveillance, and regulatory
compliance

«  Clearreferralcriteriaforadvanced disease and suspected malignancy

References:
1.WHO: Aluminium exposure and healthrisks—Global Strategy.

2.ATS/ERS Occupational Lung Disease Guidelines.

3.ILO: Dust controlinaluminiumindustries.

4.German case seriesonaluminosis (BMC Pulm Med, 2019).

5.BMJBestPractice: Aluminium-inducedlungdisease.
6.0Occupational Medicine Texts—Aluminium exposure andrespiratory outcomes.
7.Vahlensieck M, Overlack A, Muller KM. Computed tomographic high-
attenuationmediastinal lymph nodes after aluminum exposition. Eur Radiol.
2000;10:1945-1946 8. Miller RR, Churg AM, Hutcheon M, et al. Pulmonary alveolar
proteinosis and aluminum dust exposure. AmRev Respir Dis. 1984;130:312.

9.Herbert A, Sterling G, Abraham J, et al. Desquamative interstitial pneumonia in
analuminiumwelder. Hum Pathol. 1982;13:694—-699.

10.Voisin C, Fisekci F, Buclez B, et al. Mineralogical analysis of the res- piratory tract
inaluminium oxide-exposed workers. Eur Respir J. 1996;9:1874-1879.

89




Medico-legal Aspects Of Occupational
Lung Disease

Author:Dr. John Moore-Gillon & Dr Mohammad YousafKhan

Introduction
The purpose of medical guidelines is to provide evidence-based recommendations for the

investigationand management of medical conditions.

In the case of this present document, respiratory diseases which occur because of an
individual's occupation. Guidelines set out the standards to be achieved; they identify “best
practice”, based primarily on the medical literature, but also upon the experience and
judgement of specialists in the field, where the medical literature is lacking. Guidelines can
help identify those areas in which the evidence is insufficient for firm recommendations, and
therefore the areasin which further research would be of value. Importantly, guidelines must
take into account what is practical in the medical and societal setting in which they are to be
implemented: guidelines cannot simply be astatement of “theideal”.

This chapter, on the medicolegal aspects of occupational lung disease, inevitably must be
different from the other chapters in this publication. It cannot guide doctors and other
healthcare professionals as to what their own “best practice” should be, because so muchis
out of their control. Doctors (and others) can be guided as to how to diagnose and treat (for
example) mesothelioma arising from asbestos exposure, or hypersensitivity pneumonitis
due to occupational exposures. Preventing these conditions from arisingin the first placeis a
different matter: it involves government'’s action, and the attitudes of employers. Once the
condition does arise and is diagnosed, the matter of whether or not compensation is
available for those damaged by their work is also outside the control of doctors; it depends
againup ongovernmentandthe Courts.

Accordingly, this chapter cannot set out an account of precisely what must be done, from the
compensation point of view by a doctor faced with an individual with an occupational lung
disease. Nor will it advise what the idea | legal framework would be for prevention of those
diseases: that ideal framework does not exist anywhere in the world, and it never will. Where
progress has, though, been madeinboth preventionand compensation, inall countries, ithas
been attributed to the efforts of informed doctors and dedicated healthcare professionals,

accompanied by pressure from workers themselves, in particular by Trade Unions.
Accordingly, members of the Pakistan Chest Society have animportantrole to play in shaping
the future especially in the field of prevention of occupational lung disease. Finally, it is
important that we stress that this chapter is written by respiratory specialists, and not by
lawyers. The views expressed are therefore fromthe, medical perspective, and they must not
beinterpretedasbeingdefinitive statements of the law.




Occupationallung disease and the medico-legal process: the principalaspects.
Readers of these guidelines may find it helpful to consider, first, the broad legal aspects of

occupationallungdisease, andavery simple outline of the legal systemmay assist.

The Islamic Republic of Pakistan has what is referred to asacommon law system. This means
that laws are derived not only from the Constitution of 1973, and from Statutes, these being
the laws that are enacted by the legislature. A common law system means that, in addition,
the decisions of Judges in previous similar cases are important in determining how a new
case will be decided. The higher the status of the Court making the earlier decision, the
greater the influence on all future similar cases. Laws enshrined in the Constitution, and in
Statutes, willthough always take precedence over decisions ofa Court.

Importantly, in Pakistan, the common law model is modified by incorporation of with the
Federal Shariat Courtintended to ensure that laws are aligned with Islamic principles. Finally,
some parts of the law are determined at a national level and others are devolved to the
provinces i.e. there is a federal system, as in (for example) the states of Germany, and the
statesofthe USA.

It willaccordingly be seen that the legal system in Pakistan is complex, as indeed it is in many
other countries. When thinking about occupational lung disease, though, a simple way of
lookingat theselegalmattersistodivide theissueintotwoparts:

First, whatarethe obligations uponemployersto protect their workforce?

Second, what rights to support and compensation do workers have if they are in fact
damaged?

Theduties of employers
In theory, there are extensive legal protections for workers in Pakistan. The Constitution of

1973 is the Supreme law of the land, and amongst its provisions are ones which make it clear
that employers have a duty to provide a safe workplace. The Factories Act 1934, with its
amendments, includes a number of specific requirements regarding ventilation,
temperature, cleaning and disinfection, lighting, provision of drinking water and sanitation.
Of particular relevance to occupational lung diseases are restrictions on exposure to fumes
and dust. Penalties are specifiedin law: the Penal Code originatedin 1860 and was adopted as
the Pakistan Penal Code at independence in 1947. With its later amendments, it sets out the
penalties that may be imposed upon employers if they cause death or injury amongst the
workforce.

The Labor Policy (2010, and its predecessor Policies) aims to help industrial relations
between employers and the workforce, and obviously the results of effective negotiations
between these two groups would be to improve working conditions and safety, and reduce
therisk ofindustrial accidents and disease, includinglung diseases. The intention of the 2010
policy is to have conditions in accordance with International Labour Standards, as set out by
the International Labour Organisation (ILO). The Pakistan Occupational Health and Safety
Act 2018 builds on earlier legislation, and gives details of wide-ranging measures which
shouldbeimplementedinworkplaces.

Itis, though, veryimportant tounderstandthelimitations of what at first sightappearstobea
reasonably comprehensive set of protections for workers. First, itis no use having rules if the
opportunities to enforce them are limited. Pakistan has a well-organized factory
inspectorate, but as in many and probably most other countries, it is under resources given
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the scale of the task it faces. Second, the protective legislation is often industry-specific.
The Factory Act, for instance, applies to “manufacturing facilities”, and not to (for instance)
the constructionindustryandagriculture.

Third, while it may be possible to inspect and try to enforce standards on large companies, it
may be unrealistic to expect the same level of worker protection to be present in very small-
scale workplace settings. Of course, in anideal world those levels of protection would indeed
be exactly the same, wherever an employee is working, but in practice this is unlikely to be
achievable. Finally, most occupational lung diseases arise from long-term, indeed
sometimes lifelong, exposures and their prevention means attention to working conditions
overthe course of years orevendecades.

Therights of workers to supportand compensation
Pakistan was one of the earliest countriesin the world to enshrineinlaw the rights of workers

to compensation. The fundamental legislation is over 100 years old: the Workmen'’s
Compensation Act 1923 Act (now often known as the Employees Compensation Act). This
set down in law the duty of certain classes of employers (note, not all employers) to
compensate a worker who was injured by an accident. It will be seen from the wording that
those passing that Act had particularly in mind workers sustaining a traumaticinjury, or being
killed, during the course of their work. Indeed, the supplementary Schedule to the Act
containstables ofthe type ofinjury that would be liable for compensation.

How applicable, though, is this to occupational lung disease? Respiratory specialists will
readily see that injury by “an accident” does not fit easily with what we have learnt about
occupationallungdisease during this past century. Of course, there are some patients whose
problems we can trace back to a single acute "injury”, one example would be where accidental
exposure to chlorine gasled to the development of acuteirritant -induced asthma (also often
known as Reactive Airways Dysfunction Syndrome — RADS). These cases though are rare,
and much more commonly we as practising chest specialists are faced with patients whose
problems have arisen in consequence of long term exposures at work: presenting after
months to years (occupational asthma), or even after employment has ceased (some cases
of silicosisand asbestosis; mesothelioma).

Fitting cases such as these into the definition “injury by an accident” has of course been
resisted very strongly by those responsible for payment of compensation. In practice,
payments for compensation are usually not made by the employers (or previous employers)
themselves, but by theirinsurers. Of course, large (often multinational) insurance companies
have teams oflawyers whosejobisto prevent payouts of compensationunlessitisabsolutely
necessary to do so, and occupational lung diseases are a prime example of what insurers call
‘long-tail’ claims, where symptoms and diagnosis may not occur for many years, or even
decades, after the relevant exposure. Major legal cases have been fought on this very pointin
many countries around the world.

In some countries, things have been made easier for those with occupational lung diseases
(and occupational diseases affecting other organs) by the introduction of Government
compensationschemes. Theseare particularlyimportantin countries whichhave aso-called
civil law system, such as Scandinavian countries and others in continental Europe. This
introduces a further subject for discussion: should compensation be from the State
(meaning the nation), or from the employer? When there are difficulties obtaining
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compensation from the employer (or its insurers), State compensation is an alternative
route. This means thatin theory, an individual with an occupational lung disease could have
tworoutesto compensation: fromthe State, or from his/her previous employer.

In the legal systems of countries like Germany and France, and the Scandinavian countries,
State compensation is good, and that available by taking a previous employer to Court is
limited. In common law legal systems, like the United Kingdom and the USA, both routes can
be taken, and most of those with the types of occupational lung diseases that we see will
pursue State compensation and a claim against previous employers (or, rather, their
insurers). The second of these will, if successful, give greater compensation than that
available from the State but in most countries any State compensation given will then be
claimedback by the State fromthe employer'saward of damages.

What is the position in Pakistan? The basic positionis that the right to claim compensation
from an employer is set out in law, and if the claim is successful then it is the duty of the
employer to pay it. The Workmens' Compensation Act and its subsequent legislation clearly
set out those rights and duties. There is, though, no comprehensive State (ie taxpayer)
funded compensation scheme. The Pakistan legal system (like that in Britain, the USA,
Australia and many other countries) is a common law adversarial system. The two parties in
this example, the person with lung disease and the employer or its insurer are adversaries,
they fight each other, and we have all heard the phrase ‘he is fighting the case against himin
Court' In Pakistan, the Judge does not (or is not meant to) decide what the result should be.
He or she looks at the arguments and evidence put forward by both sides and decides who
has put forward the stronger case; in other words, who has won the battle.

The backlog of cases (all cases, not just for lung disease compensation) in the Courts in
Pakistanis very long, and measuredin years. It will be clearly seen that the Claimant with lung
disease may have a very big battle to achieve their compensation. Thisis allthe more the case
ifan employer does not have the money to pay, or says it does not have the money. Reference
has been made above to insurance companies. In some countries Employers Liability
Insurance is compulsory, even for employers with only one or two employees. In Pakistan,
Employers' Liability insurance is not universally compulsory, but only in specific situations,
particularlyinthe constructionand manufacturingindustries. Most small employers will not
have such insurance, so the potential to claim from them is less still. In addition, the
application ofeventhe 1923 Act to agricultureis limited, despite this areainvolvingup to 45%
of the workforce in Pakistan. Death during work on what are described as “mechanised
farms" is in theory covered, but it will clearly be seen that a patient with hypersensitivity
pneumonitis/extrinsic allergic alveolitis from work in agriculture has effectively no chance of
compensationforloss of theirlivelihood.

The compensation that is available is still very much based upon the “death or traumatic
injury” model, set outinthe 1923 Compensation Act. Consider, forinstance, mining.In2024-
2025, for example, Khyber Pakhtunkhwa province made 74 death grants to the families of
deceased mineworkers and 27 grants to workers permanently disabled. Similar grants have
been made in some other coal-mining provinces. There are also, though, some encouraging
signs in Khyber Pakhtunkhwa in that there has been some growth over the past few years in
grants for non-fatal pulmonary disease in miners. This is welcome progress, but it will again
be seen that this is very much industry specific, and we are a very long way indeed from a
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Pakistan-wide scheme of compensation for occupationallungdisease.
Whatisthe way forward?
The discussions above give a picture of the present position which might be thought of as

being not particularly encouraging, but Pakistan shares such problems with a very large

number of other countries. At the beginning of this chapter, we stated that we would not set

out “guidelines” in the conventional sense. We do, though, conclude by making a series of
suggestions which we believe form the basis foraway forward.

Members of the Pakistan Chest Society spend the great majority of their professional lives

diagnosing and treating lung diseases, including occupational lung diseases. Our role,

though, is in prevention as well as diagnosis and treatment, and this has been well
demonstrated over the past decades in the field of smoking and lung health. We believe that
the same attention should now be applied to the prevention of occupationallung diseases.

Atthe sametime, we should be assessing and carefully documenting those patientsinwhom

these diseases are already present, and this has two benefits. First, it means that there is the

opportunity to improve assessment of the number of cases of occupational lung disease.

Second, ifinthe years to come the payment of compensation does become easier, then there

will be clear documentation in the records of those patients who might be eligible for such

compensation.

Accordingly, we hope that the recommendations we make will stimulate further discussion

amongst members of the Pakistan Chest Society. They have all arisen from our reflections

upon the medico-legal aspects of occupational lung disease, but it will be seen that they
involve considerations of the quality of patient care, the education of respiratory specialists,
and the role of the Society in influencing the attitudes not only of employers but also the
legislature at Provincial and at State level. All are interlinked — this is not merely a matter of

'What compensationis available?

1. Allnew patients presentingto achest specialist should have their occupation recorded.
If no longer working, their previous jobs should be listed along with potential adverse
exposures.

2. In all patients in whom an occupational lung disease is suspected, this potential
diagnosis should be recorded in the medical notes. If the diagnosis is then confirmed,
this shouldagainbe noted.

3.  3.A record should be made of the extent of respiratory disability. The Respiratory
Disability Rating Scale, appended to these Guidelines, is a very simple symptoms-based
assessment which does not require separate time to be put aside for assessment, nor
the use of expensive equipment. If compensation does become available, then the
degree of disability may be relevant, and use of the Scale is a simple way of charting the
impact of disease progression.

4. Patients in whom an occupational lung disease is diagnosed should have this carefully
explained to them, along with an explanation of how they might be able to minimise
further risks. It is understood that many of them might not be able to make major
changes, particularly with smaller employers and/or whenthereis norealisticalternative
employment, butall possible efforts should be made.

5. The ready availability of video conferencing (e.g. Teams, Zoom, WhatsApp video)
enables the setting up of occupational lung disease groups by respiratory specialists on
a district and/or provincial basis, and also at the level of the nation as a whole. They




should meet at intervals to discuss patients who are difficult diagnostically, and to
identify emerging disease patterns. As just one example of this, the increasing
manufacture and use of artificial (‘engineered’) stone is leading to an epidemic of
accelerated silicosis in young people in many countries, and Pakistan has many
companies involved in this activity. Further, since there appear to be significant province
by province differences in the approach to compensation, the joint experience of
members of the group will be invaluable in building up a more detailed picture of what is
available (and, sadly, usually not available) to a patient.

Pakistan haslonghad the legalframeworkin place for protection of employee health, but
itis limitedin the occupational settings to whichit applies, andit still has largely a "death
or acute injury” based approach. This chapter commenced by dividing consideration of
the medico-legal aspects of occupational lung disease into two parts: the duties of
employers, and the availability of compensation for patients. We believe that there is a
vitalrole to be adopted by members of the Pakistan Chest Society in the first of these, in
campaigning for the better protection of the respiratory health of the workforce. Awider
range of industries and employments should be included, and emerging diseases as well
aslong-recognised ones mustbe considered.

It is in the interests of employers to have a healthy workforce, and this is the case
whether they are large established industries or are very smallemployers, although both
may be concerned about the potential costs of protecting against occupational lung
diseases. The Pakistan Chest Society should work alongside colleagues in other
organisations, such as the Pakistan Occupational Hygiene Association, in identifying
simpleinterventions whichwould, if they were implemented, have an effect in reducing
the burdenofoccupationallungdiseases.

The Society should consider the introduction of a postgraduate diplomain occupational
lung diseases, with those obtaining the qualification being recognised as specialists at
district, division and provincial levels, according to the degree of their later experience.
Clearly, such a step would require discussions with the College of Physicians and
Surgeons of Pakistan.

In countries where the incidence of tobacco-related disease and death is falling, this has
not come about because of better medical treatments, and nor indeed because of
compensation for those affected. It is the result of legal changes, often implemented by
Governments who wereinitially reluctant to do so, but who had to eventually give way to
pressure from informed medical professionals and a public which had been educated as
to the hazards. Occupational exposures are a cause of preventable lung disease, in
exactly the same way that tobacco is a cause. The journey to reduce the burden of
occupationaldiseaseisalongandhard one,and complete success willnever be achieved
in any country. Continuing dialogue between members of the Pakistan Chest
Association, andinteraction with those outside it, will though be vital for progress in this
country.
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Medico-legal Aspects Of Occupational
Lung Disease

SUMMARY

Introduction

Medical guidelines provide evidence-based recommendations for investigating and
managingdiseases.

These guidelines focus onrespiratory diseases caused by occupational exposuresand:

«  Setstandardsofcareandidentify best practices

. Highlightareas where evidenceislackingandwhereresearchis needed

»  Mustconsiderwhatis practicalandfeasibleinthelocalmedicaland societal context

The medicolegalaspects of occupational lung disease differ from clinical guidelines.
. Doctors canguide diagnosisandtreatment

. Preventionrequires governmentand employerresponsibility

«  Compensationdependsonlawsandcourts,notdoctors

Progressin preventionand compensation onenticomesfrom:

« Informeddoctorsandhealthcare workers

«  Advocacyfromworkersandtradeunions

«  This chapter is written by physicians, not lawyers, and should be interpreted as
medical guidanceratherthanlegal advice.

Occupational Lung Disease and the Medico -Legal Process

Pakistanfollows acommonlaw system (Constitution, statutes, and case law)
Modified by Sharialaw through the Federal Shariat Court

Federaland provinciallaws bothapply (federal system)

Twokeyissues:

. Employers’ obligations to protect their workforce

*  Workers'rightsto supportand compensationifharmed

Duties of Employers

Constitution of 1973: employers must provide safe workplaces.
Factories Act 1934: specificrequirements for:

»  Ventilation, temperature, cleaning, lighting, sanitation

. Restrictions onfumesand dustexposure

PenalCode (1860, adopted 1947) penalties for causing death orinjury to workers.

Labor Policy 2010: aims for compliance with International Labour Organisation (ILO)
standards.

Pakistan OccupationalHealthand Safety Act 2018: expands workplace safety measures




Limitations:
Weak enforcement due tolimited resources

Many laws areindustry - specific, excluding constructionand agriculture

Difficult to monitor smallworkplaces comparedtolarge companies

Most occupational lung diseases arise from long-term exposures, requiring decades of
prevention measures.

Rights of Workers to Support and Compensation

Pakistanwas an early adopter of worker compensationlaws.
Workmen's Compensation Act 1923
. Requires certain employers to compensate workers injured by accidents Originally

focused ontraumaticinjuriesand death, notlongtermdiseases

. Problems with occupationallungdiseases:

. Diseasestypically develop years after exposure.

. Employers/insurers resist claims, especially for long-tail diseases (e.g., silicosis,
mesothelioma).

Inother countries:
«  Civillaw systems(e.g., Scandinavia): strong state compensation schemes

«  Common law systems (e.g., UK, USA): workers may seek both state and employer
based compensation

InPakistan:
«  Compensationrightsexistbutarelimited

. No comprehensive state-funded scheme

«  Thelegal process is adversarial; the claimant must fight the employer or insurer in
court.

«  Severebacklogofcourtcases — delaysofyears

«  Employerinsolvency orlack of compulsoryinsurance furtherlimit compensation

«  Agricultureispoorly covered, despite 45% ofthe workforce beingin this sector

Current practice examples:

Khyber Pakhtunkhwa (2024-25):

«  74deathgrantsfordeceased mineworkers

«  27grantsforpermanently disabled miners

«  Somegrowthinnon-fatal pulmonary disease grants — butindustry-specificonly

TheWay Forward

Despite challenges, progressis possible with collective efforts.
Physicians'role should extend beyond diagnosis to preventionand advocacy.
Accurate patientdocumentationis essential for:

. Betterdisease surveillance

e Supportingfuture compensation claims
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Recommendations:
Record occupationand potentialexposures forallnew paents

Document suspected or confirmed occupationallung disease in medical notes

Recorddisability using simple tools (e.g., Respiratory Disability Rang Scale)

Clearly explaindiagnosis and prevention strategies to paents

Usevideoconferencing to form provincial/national groups of specialists to:

Discussdifficult cases

Trackemergingdisease trends

Share experience oncompensation variations across provinces

6. Advocateforimprovedprotectivelegislationandbroaderindustry coverage

7. Collaborate with organisations (e.g., Pakistan Occupational Hygiene Association) to
identify cost-effective prevention strategies

8. Considerintroducingapostgraduate diplomain occupationallungdiseases, recognised
atdistrict, division, and provincial levels

9. Learnfroman-tobacco efforts:

Preventionisachieved throughlegaland social change, notjust medical care

Long-termadvocacy and publicawareness are essential toreduce disease burden
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