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Abstract

The burden of chronic diseases, including occupational respiratory diseases (ORDs), is increasing 

worldwide. Nevertheless, epidemiological data on these conditions are scarce in most countries. 

Therefore, it is important to conduct surveillance to monitor ORDs, particularly in developing 

countries, where the working population is especially vulnerable and the health system 

infrastructure is usually weak. This article provides a general framework for the implementation of 

ORD surveillance in developing countries. The main objectives of surveillance are to describe 

incidence and prevalence of ORDs, as well as to identify sentinel events and new associations 

between occupational exposures and health outcomes. Diseases with high morbidity and mortality 

and those in which early diagnosis with standardized tests are available are especially suitable for 

surveillance activities. Simple strategies, preferably using existing resources and technology, are 

the best option for surveillance in developing countries. This article offers examples of specific 

surveillance systems that are in place in Brazil, China, Cuba, India, and South Africa.
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Public health surveillance is the ongoing, systematic collection, analysis, and dissemination 

of health-relevant data. It can be used as an alert system for public health emergencies, to 

drive preventive measures, and to develop policies and practices to reduce morbidity and 

mortality, which may ultimately improve public health conditions. Surveillance systems can 

be implemented on several levels, ranging from local programs to global initiatives.1

The World Health Organization (WHO) has several global and regional surveillance 

systems, including the Global Foodborne Infections Network and the Integrated Disease 

Surveillance Program in Africa.1 Similarly, the United States Centers for Disease Control 

and Prevention (CDC) uses the National Notifiable Diseases Surveillance System to monitor 
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national health trends from 57 state, territorial, and local reporting jurisdictions.2 In the 

United Kingdom, Public Health England maintains a real-time syndromic surveillance 

system for the early identification of potential human or veterinary public-health threats.3 

However, all of these initiatives are mostly focused on infectious diseases. Nevertheless, non 

communicable diseases (NCDs) are now the leading global causes of death. Except for 

Africa, chronic diseases, such as heart disease, stroke, cancer, chronic respiratory diseases, 

and diabetes, are the most frequent causes of death in the majority of countries. NCDs are 

projected to exceed communicable, maternal, perinatal, and nutritional diseases as the most 

common causes of death by 2030, even in low- and middle-income countries.4 The burden 

of occupational diseases will likely follow this trend, especially in emerging economies, due 

to the close—and historical—links between industrialization and increased air pollution and 

other health hazards.

The worldwide incidence of pneumoconiosis and other occupational chronic respiratory 

diseases have been estimated at 453,000 and 2,631,000 cases per year, respectively.5 

Moreover, in the year 2000, occupational exposures were estimated to be associated with 

12% of chronic obstructive pulmonary disease (COPD) deaths and 17% of asthma deaths 

worldwide.6 In addition, occupational exposures to silica, asbestos, and coal mine dust may 

have caused 9,000 deaths from silicosis, 7,000 deaths from asbestosis, and 14,000 deaths 

from coal workers’ pneumoconiosis worldwide in that year.6 In the United Kingdom, 5.3% 

of all cancer deaths in 2005 have been attributed to occupational exposures. Of these, 12% 

were cancers of the larynx and lungs, or mesotheliomas, most of which were associated with 

exposure to asbestos.7 Therefore, it is essential that effective surveillance systems be created 

to address the increasing burden of occupational respiratory diseases (ORDs), especially in 

developing countries, where data are frequently scarce.

The International Labor Organization (ILO) states in Article 11 of its Occupational Safety 

and Health Convention (C155), promulgated in 1981, that ratifying countries shall ensure 

“the establishment and application of procedures for the notification of occupational 

accidents and diseases, by employers and, when appropriate, insurance institutions and 

others directly concerned, and the production of annual statistics on occupational accidents 

and diseases.”8 In addition, the ILO Protocol of 2002 to the Occupational Safety and Health 

Convention describes the systems for recording and notification, and highlights the need for 

the annual publication of national statistics based on occupational accidents and 

occupational diseases notifications.9 Since its entry into force in August 11, 1983, the 

convention C155 has been ratified by 63 countries, 39 of which are low- or middle-income 

economies; only 3 of these countries (Albania, El Salvador, and Syrian Arab Republic) have 

actually ratified the Protocol of 2002. Nevertheless, none of these three countries have 

statistics readily available on ORD or even other occupational diseases.

Objectives of Occupational Respiratory Disease Surveillance

One of the main purposes of ORD surveillance systems is to describe incidence and 

prevalence. In addition to providing a snapshot of new and existing cases in a given period, 

these data are useful for describing disease trends over time. These elements are extremely 
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important for establishing control and research priorities, as well as for evaluating possible 

interventions.10

Surveillance is also important to identify individual cases of ORDs, which may in turn be 

useful to find other cases in the same workplace. Sometimes referred to as sentinel events, 

these cases suggest potentially hazardous exposures, usually indicating that a broader public 

health investigation or intervention is required.11

Finally, ORD surveillance may uncover new associations between occupational agents and 

health outcomes. For example, bronchiolitis obliterans in microwave popcorn workers12 and 

pulmonary alveolar proteinosis in indium processing workers13 have been described in 

recent years.

Elements of a Surveillance Program

Before starting a surveillance program, several points should be considered, with regard to 

which diseases will be assessed and which tests will be used to detect them.14

First, the disease should be associated with significant morbidity or mortality. If medical 

screening is being used as the basis of the surveillance program, the disease should be 

identifiable at a stage where patients have not yet developed symptoms and therefore would 

not have sought medical attention; in addition, it should be responsive to existing treatments 

or to interventions that could avoid further progression among individuals or populations 

(i.e., primary or secondary prevention measures should be available).14 Coal workers’ 

pneumoconiosis (CWP) for instance, meets all of these requirements. It is associated with 

substantial loss of lung function in late stages, but is usually asymptomatic if early diagnosis 

is made (typically through an active surveillance program); furthermore, early identification 

of cases followed by removal from coal mine dust exposure is essential to reduce the 

probability of progressive massive fibrosis.15 Nevertheless, these are not a requirement for 

surveillance per se, as population-based figures can be useful for public health purposes 

even where there is no effective, acceptable treatments. For example, mesothelioma 

surveillance can be useful, even though the disease remains incurable with no acceptable 

interventions.

If a specific test is being used for case identification in the surveillance program, it should 

have adequate sensitivity, specificity, and predictive value in the target population; be 

acceptable to subjects; be available at a reasonable cost; and be standardized enough as to be 

done with adequate reproducibility, consistency, and accuracy.14 A good example is the 

International Classification of Radiographs of Pneumoconiosis, developed by the ILO, 

which is a standardized classification that facilitates comparisons of data on 

pneumoconiosis, epidemiological investigations, and research reports.16

As an alternative to creating a unique surveillance program, several existing data sources 

can be employed as surveillance tools. These include, but are not limited to, registries, 

government surveys, employer-based surveillance systems, workers’ compensation reports, 

laboratory reports, physician reports, death certificates, hospital discharge data, and national 
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surveys.10 Each of these sources has advantages and limitations, which should be taken into 

account, depending on the specific purpose of the surveillance program.

Nevertheless, every ORD surveillance program should have qualified occupational health 

professionals to manage the program, well-defined record-keeping protocols, validated 

quality assurance procedures, and strict confidentiality practices.14 The American Thoracic 

Society’s Methods in Epidemiology, Clinical and Operations Research (MECOR) program 

is an example of a program that has succeeded in training professionals in developing 

countries in the skills needed to manage surveillance programs.17

Surveillance for ORDs in High-Income Countries

Several surveillance systems for ORDs are in place in high-income countries. The most 

comprehensive ones rely on mandatory notification of occupational diseases. Others are 

based on national mortality data. Although these systems may not be appropriate for 

developing countries because of their complexity, the following examples may serve as 

general guidance for surveillance implementation.

• Surveillance of work-related and occupational respiratory diseases (SWORD)

SWORD has been operational in the United Kingdom since 1988. It receives 

funding from the Health and Safety Executive, with support of the British Thoracic 

Society and the Society of Occupational Medicine. More than 400 physicians 

across the United Kingdom voluntarily report ORD cases to SWORD. New cases 

of occupational asthma, benign and malignant pleural diseases, mesothelioma, lung 

cancer, pneumoconiosis, and other ORDs are reported through an online system. 

Reporting takes place on a monthly basis by 20 “core” physicians and 1 month per 

year by noncore physicians. All the information reported is confidential.18

• Finnish Registry of Occupational Diseases (FROD)

FROD is maintained by the Finnish Institute of Occupational Health (FIOH) in 

Helsinki and has been in place since 1964. Reporting by physicians is mandatory 

and the system also captures data reported to insurance companies. Cases are 

reviewed for multiple reports by FIOH and classified into the following categories: 

hearing loss, repetitive strain injury, allergic respiratory diseases, skin diseases, 

asbestos-related diseases, and other occupational diseases. Personal identifiers and 

employment information are also collected.19

• Surveillance of Australian Workplace-Based Respiratory Events (SABRE)

SABRE was implemented in the Australian states of Victoria in 1997, Tasmania in 

1998, and New South Wales in 2001. It is based on voluntary reports of physicians, 

who provide data on allergic alveolitis, asthma, bronchitis, inhalational injury, lung 

cancer, mesothelioma, pneumoconiosis, non malignant pleural diseases, infectious 

diseases, and other ORDs. Non identifiable data are collected and reported via the 

Internet. It has been suggested that SABRE be implemented in Australia on a 

national level.20,21

• Coal Workers’ Health Surveillance Program (CWHSP)
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The CWHSP is maintained by the US National Institute for Occupational Safety 

and Health (NIOSH). It was established by the Federal Mine Safety and Health Act 

in 1970 and originally included an X-ray surveillance component and the B-reader 

program, which tests and certifies readers in the ability to classify radiographs 

according to the ILO classification.

In light of evidence for geographic clustering of rapidly progressive cases of 

CWP22 and the consequent publishing of the Mine Safety and Health 

Administration’s new rule on respirable coal mine dust exposure,23 the Program is 

being expanded and now includes spirometry surveillance and active surveillance 

with a mobile examination unit. Participation is voluntary (except for pre-

employment tests). Radiographs are offered about every 5 years.24

• National Occupational Respiratory Mortality System (NORMS)

NORMS is a query system maintained by NIOSH. It is based on national mortality 

data compiled by the National Center for Health Statistics (NCHS) since 1968. The 

conditions covered by NORMS are hypersensitivity pneumonitis, pneumoconioses, 

and malignant mesothelioma (since 1999). In addition, industry/occupation-specific 

mortality data are available for the period 1985–1999 for asthma, COPD, 

conditions due to chemical fumes and vapors, influenza, lung cancer, malignant 

neoplasm of the pleura, mycobacterial infections, other interstitial pulmonary 

diseases, pleural plaque (1999 only), pneumonia, and tuberculosis.25

• NIOSH State-Based Surveillance Program

NIOSH funds cooperative agreements for State-Based Occupational Safety and 

Health Surveillance for which some states conduct population-based surveillance 

for pneumoconiosis (hospitalizations and mortality). Some states also perform 

case-based sentinel surveillance focused specifically on silicosis and/or work-

related asthma (WRA). Direct report from physicians is the main source of 

information in this system.26

Despite the utility of these surveillance systems, high-income countries are also 

subject to many problems in terms of gathering information on ORD, such as the 

lack of nationally representative data and various degrees of underreporting. An 

evaluation of six national occupational disease registries in European Union 

countries (Austria, Belgium, the Czech Republic, France, Finland, and the United 

Kingdom) showed that their quality was only “limited,” with criteria for 

notification and participation of notifying physicians being the major deficiencies 

on most registries, leading to the conclusion that they do not adequately monitor 

existing occupational diseases or adequately alert to newly occurring occupational 

diseases.27

Surveillance for ORDs in Low- and Middle-Income Countries

The need for occupational disease surveillance in low- and middle-income countries can be 

easily justified by several factors. Growing rates of industrialization pose increasing risks of 

exposure to hazardous substances in those countries. In addition, in a globalized economy, it 
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is not uncommon that rich nations will transfer dangerous industrial processes to developing 

countries, where manpower is cheaper and legislation and enforcement are usually less 

rigorous. A recent example is the epidemic of silicosis among denim sandblasters in 

Turkey.28,29 Finally, the workforce in developing countries is generally less aware of 

workplace safety and health practices, child labor is more common, and the overall health 

status of the population is lower, when compared with developed nations. All of these 

elements make workers in developing countries especially susceptible to occupational health 

hazards.30

The implementation of surveillance systems may be particularly challenging in low- and 

middle-income countries, not only because of the uniqueness of certain environments but 

also due to their common infrastructural problems. These include insufficient health services 

and deficient reporting systems, lack of trained occupational health professionals, 

inadequate or nonexistent health legislation and basic services, as well as weak industrial 

infrastructure and controls.30

Usually the best approach to establish surveillance systems in developing countries is to 

employ simple strategies, preferably using existing resources and technology. For example, 

ORD surveillance could be integrated with primary health care services, after appropriate 

training of the personnel who would be involved in the diagnosis of ORDs (e.g., reporting of 

pneumoconiosis integrated with tuberculosis notification, in settings where both diseases 

have high prevalence). The inclusion of occupational diseases among national notifiable 

conditions is another strategy. In that case, compulsory notification usually produces better 

results if accompanied by proper education of health professionals and simple notification 

schemes. The use of hospitalization data could also be implemented, with the caveat that 

only more serious cases would be captured. This option may be better suited to occupational 

injuries and acute exposure to toxic substances. Mortality data can also be used as a source 

of ORD surveillance, but it is often subject to under recognition, underreporting, and coding 

problems. Finally, another possibility is to focus surveillance activities on exposures rather 

than diseases (e.g., registries of industries, including work processes and materials), which 

could be useful as a primary prevention tool.30

The following examples illustrate the experience of selected developing countries with ORD 

surveillance activities in Latin America, Asia, and Africa.

• Brazil

The Brazilian Ministry of Health started the implementation of an integrated 

system for compulsory notification of diseases in 1993. It became nationally 

comprehensive in 1998, but originally included only infectious diseases. In 2004, 

occupational injuries and some occupational diseases were added to the list, 

including pneumoconiosis and occupational cancers.31 Nevertheless, the system 

appears to be underutilized and subject to substantial underreporting in the field of 

occupational health. According to preliminary reports, a total of 58,878 cases of 

occupational injuries and diseases were recorded in 2007. In contrast, 653,090 of 

those cases were listed by the Brazilian Social Security Administration in the same 
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period.31 Moreover, data on ORDs from the national notification system are not 

publicly available.

Another possible source of ORD data in Brazil is the National Mortality System. In 

the State of Rio de Janeiro, Pinheiro et al demonstrated that mesothelioma mortality 

data were subject to codification problems, underreporting, and misdiagnosis.32 

Pedra et al described 2,414 mesothelioma deaths in the period 1996 to 2003 in 

Brazil, using a combination of International Classification of Diseases 9 (ICD-9) 

codes 163 (malignant neoplasm of pleura) for 1980–1995 and ICD-I0 codes C45 

(mesothelioma) and C38.4 (malignant neoplasm of pleura) for 1996–2003.33

• China

A law with the purpose of preventing, controlling, and eliminating occupational 

disease hazards went into effect in China, in May 1, 2002.34 It details all provisions 

for prevention and control, diagnosis, supervision and inspection, and legal 

responsibilities regarding occupational diseases. In 2006, the country introduced a 

national network of occupational disease reporting. The system allows for online 

direct reporting to the Institute of Occupational Health and Poisoning Control. It is 

characterized by standardized reporting indicators (data are more readily available 

and comparable), real-time data about the number of cases of pneumoconiosis and 

prevalence trends, and dynamic observation and follow-up reports of the cases.35

Occupational disease reporting is an important part of China’s public health 

information system because the country faces a very high incidence of occupational 

diseases. For example, the number of workers exposed to silica-containing dusts 

was estimated to be as high as 12 million.36 The incidence of pneumoconiosis was 

estimated at 12,000 to 15,000 cases annually, which represents 70 to 80% of the 

total number of cases of reported occupational diseases. A total of 638,234 cases of 

pneumoconiosis have been recorded in China between 1949 and 2008. Most of the 

cases were found in coal mining, followed by construction, materials, and 

manufacturing, metallurgical, nonferrous metal, and machinery industries.36

• Cuba

The Cuban National Institute for Occupational Health (Instituto Nacional de Salud 

de los Trabajadores [INSAT]) runs a national epidemiologic surveillance system 

for occupational diseases.37 The system has two components: tactical and strategic. 

The tactical component is dedicated to acute events, such as exposures to toxic 

substances, industrial accidents, outbreaks, and infectious diseases in the 

workplace. The strategic component focuses on five subsystems: work fitness and 

disability evaluations, occupational diseases, occupational injuries, workplace risks, 

and occupational mortality. In the case of occupational diseases, annual incidence 

data are collected nationally, processed through the National Bureau of Statistics, 

and distributed to other national agencies involved in occupational health 

surveillance.38

A retrospective study found 28 cases of ORDs among 96 occupational disease 

cases diagnosed at INSAT in the period 1988 to 2006. Occupational asthma was 
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the most common diagnosis (12 cases, 42.8%), followed by pneumoconioses (9 

cases, 32.1%), hypersensitivity pneumonitis (5 cases, 17.8%), and occupational 

bronchitis (2 cases, 7.1%). Interestingly, use of personal protective equipment 

(PPE) was captured in 22 cases, but only six patients (27%) had used PPE.39

• India

Despite extensive legislation, including the Mines Act, which was promulgated in 

1952, including silicosis and CWP, and later asbestos-related diseases (included in 

1986), and other sector-specific legislation, the situation of ORD surveillance in 

India remains deficient. Moreover, more than 90% of the Indian workforce does 

not work in factories and therefore are not protected by specific legislation.40

It is estimated that 1million people are employed in the mineral sector in India, 

with more than one-third in coal mining.41 There are over 3 million workers 

exposed to silica dust, and 8.5 million more work in construction and building 

activities, similarly exposed to quartz.42 In addition, India imports nearly 100,000 

metric tons of asbestos per year, which poses another important health risk to the 

workforce.43 In contrast, only 111 cases of CWP and 123 cases of silicosis have 

been reported to the Director General, Mines Safety in the period 1994 to 2011, 

according to a report submitted to the ILO.41 Nevertheless, the document proposes 

a series of measures to establish effective surveillance and to control occupational 

diseases in India over the period 2012 to 2017.

• South Africa

Currently, there are two main sources of ORD data on a national basis in South 

Africa: an autopsy program for deceased miners and a database of miners with 

ORD diagnosed by occupational health services and maintained by the Department 

of Mineral Resources.

The South Africa Occupational Diseases in Mines and Works Act (1973) requires 

that the cardiorespiratory organs of a deceased miner be examined for the presence 

of occupational disease, regardless of the clinical cause of death and provided that 

next-of-kin authorization is obtained. These examinations are performed by 

pathologists at the National Institute for Occupational Health (NIOH). A detailed 

report on each case examined is sent to the Medical Bureau for Occupational 

Diseases (MBOD). Cases certified as having a compensable disease are then 

referred to the Compensation Commissioner’s Office, where the payment for 

compensation is managed. Since 1975, the pathological findings from the autopsy 

examinations have been recorded on the PATHAUT database. This system 

comprises data from autopsy examinations and clinical files, which include 

occupational histories. The database is unique and provides an important resource 

for both surveillance and research. These data are the only comprehensive 

surveillance data on ORD in the South African mining industry. In the period 1975 

to 2013, a total of 109,076 autopsies have been performed under this program. 

According to the 2013 PATHAUT report, the distribution of cases was as follows: 

Antao and Pinheiro Page 8

Semin Respir Crit Care Med. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



emphysema, 422 cases; pulmonary tuberculosis, 228 cases; silicosis, 276 cases; 

asbestosis, 71 cases; mesothelioma, 39 cases; and lung cancer, 39 cases.44

According to the Mine Health and Safety Act of 1996, every occupational medical 

practitioner at a mine must compile an annual medical report. These standardized 

forms are used to report different medical conditions (pulmonary tuberculosis, 

silicotuberculosis, asbestosis, pneumoconiosis, noise-induced hearing loss, 

silicosis, and other diseases). The latest available national report describes that in 

2007, there were 4,588 cases of tuberculosis; 1,681 cases of silicosis; 526 cases of 

silicotuberculosis; 60 cases of CWP; and 46 cases of asbestos-related diseases in 

South Africa.45

Conclusion

Surveillance for ORDs is extremely important in developed and developing countries alike. 

By providing objective measures of disease incidence, prevalence, or mortality, as well as 

allowing for the identification of sentinel events, surveillance stands as the basis for the 

development of public health policies and interventions to reduce the burden of ORDs 

worldwide. Nevertheless, ORD surveillance data remains scarce in most countries. The need 

for raising the priority of preventing chronic diseases, including ORDs, has long been 

identified. It is paramount that ORD surveillance systems be implemented to carry out this 

task.
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