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In order to improve the working environment,

as regards the protection of the safety and health

of workers as provided for in the Treaty and

successive Community strategies and action

programmes concerning health and safety at

the workplace, the aim of the Agency shall be

to provide the Community bodies, the Member

States, the social partners and those involved

in the field with the technical, scientific and

economic information of use in the field of safety

and health at work.
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F O R E W O R D

Working environments are continuously changing with the introduction of new
technologies, substances and work processes, changes in the structure of the
workforce and the labour market, and new forms of employment and work
organisation. New work situations bring new risks and challenges for workers and
employers, which in turn demand political, administrative, technical and regulatory
approaches to ensure high levels of safety and health at work.

In 2000, the Lisbon summit identified specific objectives to create quality jobs and
increase workforce participation. Improving working conditions to keep people in
work is necessary if these objectives are to be achieved. In this context, the
Community strategy on health and safety at work 2002–06 called on the European
Agency for Safety and Health at Work (the Agency) to ‘set up a risk observatory’. One
of its priorities would be to‘anticipate new and emerging risks, whether they be linked
to technical innovation or caused by social change’. The strategy emphasized that this
should be done by ‘ongoing observation of the risks themselves, based on the
systematic collection of information and scientific opinions’, as part of the
development of a ’genuine culture of risk prevention’.

The Agency, therefore, took the first step towards establishing a European Risk
Observatory, commissioning its Topic Centre Risk Observatory (TCRO) — the former
Topic Centre Research on Work and Health (TCWH) — which includes some of the
principal OSH institutions in Europe, to identify emerging risks related to OSH.To this end,
two types of activities have been carried out: the collection of published information
from reliable sources — still ongoing — and the production of expert forecasts.

The expert forecasts on emerging OSH risks were reached through questionnaire-
based surveys following the Delphi method. Four Delphi surveys have been carried
out: on physical risks; psychosocial risks; chemical risks; and biological risks. This
division into four themes was neither meant to indicate fixed boundaries between the
areas nor to exclude combinations of them. On the contrary: many OSH issues are
multifactorial and have been mentioned in several of the surveys. In total, 520 experts
from 27 countries and one international organisation were invited to participate in the
surveys. Answers were received from 188 experts from 24 countries and one
international organisation, giving a response rate of 35%.

This report is the second of a series of European Risk Observatory reports dedicated
to emerging risks. It sets out an expert forecast on emerging biological OSH risks.
The results of this forecast have also been used as a basis for discussion among
representatives from major European OSH research institutes and from UNICE, ILO,
DG Research and DG Employment in a seminar organised by the Agency aimed at
promoting occupational safety and health research in the EU (Bilbao, Spain, 1st and
2nd December 2005). Several of the emerging issues identified in the forecast have
been included in a summary list of top OSH research priorities drawn up at the
seminar and consolidated in a broader consultation process among the Agency’s
stakeholders. Using this list, the OSH research community can present a clear
message during the seventh framework programme (FP7) consultation to promote
the inclusion of OSH issues.

The Agency would like to thank the members of the Topic Centre Risk Observatory for
their contributions to the drafting of this report. Most of all, it would like to thank all
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the safety and health experts from around Europe who took time to reply to the
survey; their participation was essential to the project. The Agency would also like to
thank its focal points, Expert Group and Advisory Group for their valuable comments
and suggestions.

European Agency for Safety and Health at Work
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E X E C U T I V E S U M M A R Y

C o n t e x t

This report contains a forecast of emerging biological risks related to occupational
safety and health (OSH) based on an expert survey and a literature review. The Agency
also worked on forecasts and literature reviews on physical, chemical, and
psychosocial risks in order to paint as full a picture as possible of the potential
emerging risks in the world of work.

These results are linked to other Risk Observatory work and aims to examine OSH
trends in Europe and to anticipate emerging risks and their likely consequences for
safety and health at work. This should help with better targeting of resources and lead
to more timely and effective interventions.

M e t h o d

Within the scope of this project, an ‘emerging OSH risk’ has been defined as any
occupational risk that is both new and increasing.

By new, it is meant that:
• the risk was previously non-existent; or
• a long-standing issue is now considered a risk due either to new scientific

knowledge, or to a change in social or public perceptions.

The risk is increasing if:
• the number of hazards leading to the risk is growing; or
• the likelihood of exposure to the hazard leading to the risk is increasing; or
• the effect of the hazard on workers’ health is getting worse.

For the formulation of the expert forecast on emerging OSH biological risks, a
questionnaire-based survey was run in three consecutive rounds following the Delphi
method. This method was chosen to avoid individual, non-scientifically founded
opinions, and to verify whether a consensus could be reached among the
respondents. Some 109 experts in the first survey round and 95 experts from each of
the second and third rounds were invited to participate in the survey following their
nomination by the Agency’s focal points and Topic Centre Research. Thirty-two valid
questionnaires from the first round, 42 from the second and 36 from the third were
returned from 58 organisations in 18 Member States, as well as Bulgaria, Romania and
Switzerland. The response rates were 29% (first round), 44% (second) and 38% (third).
Participating experts were required to have at least five years’experience in the field of
OSH and biological risks. Respondents were mainly involved in research, consulting or
teaching and training activities, followed by labour inspection and policy
development.

T h e ‘ t o p ’ e m e r g i n g b i o l o g i c a l r i s k s i d e n t i f i e d

Occupational risks related to global epidemics are the biggest emerging issue
identified in this forecast, with a high level of consensus among the respondents. Even
in the 21st century, we are still confronted with the emergence of new pathogens, such
as severe acute respiratory syndrome (SARS) or avian influenza, and the re-emergence
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of outbreak-prone diseases such as cholera and yellow fever. When a pathogen
emerges, given the speed and volume of international traffic and trade, it may spread
around the world within a few hours and start a new pandemic.

Cases of SARS in health care staff, the 89 Dutch poultry workers infected with the avian
virus A/H7N7 in 2003, workers unloading international trade containers facing risks of
contamination with Dengue fever from mosquitoes imported with the goods, the
current threat of avian flu A/H5N1 to poultry workers and culling workers are only a
few examples that show how epidemics can affect the world of work.

As more than three quarters of these diseases are zoonoses, workers at risk are those
who are in:
• contact with live or dead infected animals
• contact with aerosols, dust or surfaces contaminated by animal secretions
• in animal trade, breeding and slaughtering facilities,
• cleaning and disinfection jobs in contaminated areas
• veterinary services, research laboratories, customs, zoos and pet shops.

Workers involved in global trade, air crews and air travellers, those working to control
epidemics, some media professionals, and workers in war zones, such as those offering
peacekeeping or humanitarian aid assistance, are also at risk. Additionally, healthcare
staff, who may be exposed to infected individuals, are a high-risk group.

Practical guidance on how to protect workers from risks related to global epidemics is
already available for some diseases. As infected workers may in turn spread the disease
among the general public, OSH considerations have to be urgently integrated into
public health pandemic plans. More generally, cooperation between various
authorities, including public health, occupational health, animal health, food safety,
and environmental protection, is of the utmost importance. Several risk factors are
known to increase the chances of outbreaks. These include microbiological
adaptation, globalisation of transport, trade, agriculture and food production, human
behavioural factors and environmental changes. Although it is difficult to predict
future outbreaks, the systematic monitoring of these factors is essential to the
effective forecasting, surveillance, prevention and control of future epidemics and
pandemics.

A further emerging risk, which also illustrates the importance of cooperation between
various disciplines and authorities, is the emergence of drug-resistant organisms.
Since their discovery in the 20th century, antimicrobial agents have substantially
reduced the threat of infectious diseases. However, this advantage is now jeopardised
by the emergence and worldwide spread of antimicrobial-resistant organisms, mainly
as a result of the overuse or misuse of antibiotics. Resistant organisms pose a health
risk to workers in contact with animals — for example, in veterinary services and in the
livestock and food-manufacturing industry — and to healthcare workers in hospitals
with the emergence of organisms such as methicillin resistant staphylococcus aureus
(MRSA). Drug-resistant organisms lead to severe infections that would not otherwise
occur, and to more failures in treatment. Measures to stop the spread of such
organisms and the contamination of workers, include the improvement of work
organisation, regular cleaning of the work premises, use of safety-engineered sharp-
instruments, appropriate handling of clinical waste and thorough hand washing.
Further recommendations overlap with the public health sphere and advocate the
strict control of antibiotics use.

Along these lines, an EU-wide ban on the use of antibiotics as growth promoters in
animal feed came into effect on January 1st, 2006. Still, it is inevitable that antimicrobial-
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resistant organisms will continually evolve. The challenge is to identify them quickly as
they emerge, assess their potential impact on health, identify the sources and routes
of exposure, and devise policies and procedures to minimise their spread. While there
is an urgent need for harmonisation of experimental conditions between the various
studies being undertaken on antimicrobial resistance, international conventional
surveillance systems need to be adapted to local situations because different habits of
antibiotic usage result in different spectrum and susceptibility patterns of invasive
pathogens in the different Member States.

Risks resulting from poor risk assessment are the second most important of the
emerging issues. Directive 2000/54/EC lays down the principles for the management
of biological risks and assigns to employers the duty of assessing the risks posed by
biological agents in the workplace. But the state of knowledge on biohazards is still
relatively immature and, in practice, proper assessment of biological risks is difficult. In
order to produce a proper exposure assessment, better tools for the detection of
biological agents and measurement of their concentrations need to be developed.
These should be based on non-culture techniques because culture methods have
proven to be of limiteduse. The validation of measurement methods and international
harmonisation of those methods are also necessary if laboratory results are to be
comparable. Such harmonisation should include the definition of commonly
approved criteria and accepted protocols for assessing exposure to biological
hazardous substances; including concise and uniform guidelines on sampling,
storage, extraction and analytical procedures. This, together with more
epidemiological and clinical data, is the basis for understanding better the
relationships between exposure and occupational health effects. Of course, the actual
effect depends on an individual’s susceptibility. Information on dose-effect
relationships would also help to establish occupational exposure limits (OELs), which,
conversely, would support the proper interpretation of measurement results in a risk
assessment procedure. As at October 2006, although some Member States have
formulated recommendations and set indicative values, very few obligatory OELs
have been set for airborne microorganisms or their associated toxins.

The lack of information on biological risks in the workplace, which makes risk
assessment difficult, has been treated as an emerging risk in a separate item, especially
in the office workplace and the agriculture sector. Furthermore, the lack of information
passed on to workers — i.e. the inadequate provision of OSH training to workers,
especially in local authorities — has also been raised.

A further emerging risk, with a rather high consensus among the experts, is the poor
maintenance of water and air systems. This puts workers — and the general
population — at risk of legionella. Moreover, this again illustrates the consequences of
having insufficient information on biohazards. Indeed, the experts comment that
some ill-health symptoms observed in indoor workers are often wrongly assumed to
be flu-like diseases. In fact, they are caused by biological agents that have developed
in poorly maintained air-conditioning systems. Recent findings on legionella will help
establish a correct diagnosis of such symptoms.

If the risks engendered by biological agents are difficult to assess, combined
exposure to biological agents and chemicals is all the more challenging, and is
actually closer to the reality of workplaces. While the range of potential subsequent
health effects is wide, it is difficult to determine which of the constituents primarily
accounts for which health effects. In addition, more research is needed to help identify
the real multi-factorial causes of health symptoms, for which mono-causal
explanations are often incorrectly given.
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The gaps and challenges in terms of exposure assessment, establishment of dose-
effect relationships and OELs, as well as the risk assessment mentioned earlier, are
particularly true for endotoxins and mould, which have also been singled out as
emerging risks in this report.

Endotoxins can be found in high concentrations in all occupational settings where
organic dust is present. What was initially considered to be a problem in only a few
activities turned out to also affect workers in the livestock industry, scientists working
with rodents, workers in waste and sewage treatment and even indoor workers.
Research in recent years has revealed major clinical effects of endotoxins, ranging from
fever, infectious diseases, acute toxic effects, allergies, organic dust toxic syndrome
(ODTS), chronic bronchitis, and asthma-like syndromes, to lethal effects such as septic
shock, organ failure and death. However, a complex relationship between exposure to
endotoxins and the outcome of immune responses has been found. Indeed, although
seemingly paradoxical, endotoxins may induce, but conversely also protect from,
asthma, atopy, respiratory allergies and sensitisation to allergens. The protection and
prevention measures recommended include: minimising the generation of organic
dust; moving work activities outdoors whenever possible or operating within a
controlled atmosphere if indoors; and as a final protection measure, wearing
appropriate personal protective equipment.

Indoor moulds and subsequent health issues have only been given greater attention
relatively recently. To date, more than 100,000 species of mould have been identified,
but it is estimated that there may be more than 1.5 million species worldwide. As
airborne moulds are ubiquitous in the indoor environment, workers in any indoor
workplace, such as offices, schools, hospitals, homes and commercial buildings, may
be exposed. Airborne mould is also found in waste and sewage treatment activities, in
cotton mills and in the agricultural sector. Additionally, hazardous materials removal
workers and construction workers involved in the remediation of mould-
contaminated areas, which is a new and growing part of their work, are at risk. Health-
based exposure limits to airborne mould could not yet be established. The most
common symptoms induced by mould are sick building syndrome (SBS), asthma,
upper respiratory diseases, infections, coughs, headaches and flu-like symptoms,
allergic diseases, and irritation of the nose, throat, eye and skin. Although it is not
possible to completely eliminate mould spores, it is possible to control moisture,
which is one of the factors promoting mould growth. For this purpose, the ’health‘ of
a building should be addressed before building starts, with cooperation between all
the people involved in the building construction, design, use and maintenance. In the
case of fungal contamination of a building, prompt remediation of contaminated
material must be undertaken. Recommendations for the safe handling, disposal,
recycling, and transportation of mouldy materials are available. However, there is still
a need for reliable criteria and measurement methods so it can be determined with
certainty that the remediation has been successful.

The occupational risks linked to waste treatment have been identified as emerging
in this forecast, as well as in a similar survey on chemical risks (1). In the 1990s, several
governments and the European Union adopted new waste management policies
with the primary aim of decreasing the amount of waste sent to landfill. The recycling
industry is a relatively new but expanding business, employing a steadily growing
number of workers. As the waste treatment regulation was primarily developed for
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(1) European Agency for Safety and Health at Work, ‘Expert forecast on emerging chemical risks related to
occupational safety and health‘. The report will be published in 2007.



environmental purposes, it insufficiently addresses OSH issues. The major health
problems observed in workers, especially in composting activities, are caused by
bioaerosols. These include upper airway inflammations and pulmonary diseases,
ODTS, gastrointestinal problems, allergic reactions, skin diseases, and irritation of the
eyes and mucous membranes. Such bioaerosols mainly result from the generation of
organic dust and contain a diversity of airborne microorganisms, including mould, as
well as their toxic products such as endotoxins and volatile organic compounds
(VOCs). Handling medical waste and sharps may lead to other infections, such as
hepatitis and human immunodeficiency virus (HIV). Prevention should be adapted to
each specific waste branch and activity. While it is not possible to eliminate completely
the risks posed by biological agents in waste-related activities, the most efficient
prevention measure is to reduce the generation of dust and aerosols. Collective
prevention measures and hygiene plans can also greatly reduce workers’ exposure.
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E u r o p e a n A g e n c y f o r S a f e t y a n d H e a l t h a t W o r k
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1.
INTRODUCTION



In the last decade, media coverage has raised public awareness of biological hazards,
such as the introduction of anthrax into occupational settings due to bioterrorist
activities, the outbreak of severe acute respiratory syndrome (SARS) affecting health
care workers and, more recently, the threat of avian flu to workers who have had
contact with poultry. Biological agents are ubiquitous and, in many workplaces,
workers are faced with less publicised but still considerably harmful biological
hazards. As an example, indoor moisture is found even in relatively new buildings and
causes serious health problems such as asthma and allergies in construction,
maintenance and office workers. In many countries, blood-borne occupational
infection with hepatitis C virus is a major epidemiological problem among health
care workers. Hazardous bioaerosols are associated with a wide range of health
effects and are present in many jobs, from agricultural and waste treatment activities
to the metallurgy industry, where gram-negative bacteria are contained in aerosols
arising from metalworking fluids. Biological agents — defined in Directive
2000/54/EC (2) as bacteria, viruses, fungi, cell cultures and human endoparasites able
to provoke any infection, allergy or toxicity — are sometimes introduced
intentionally into a work process; for instance in a microbiology laboratory or in the
food industry, or may be undesirable but inherent to the job, such as in farming or
waste treatment activities.

Globally, an estimated 320,000 workers worldwide die every year of communicable
diseases caused by viral, bacterial, insect and animal related biological hazards (3).
Although most of these take place in developing countries, some 5,000 fatalities will
occur in the European Union. Women are more likely to be hit than men as they work
more in occupations that involve biological hazards and exposure (4).

Viruses, bacteria or parasites are responsible for at least 15% of all new cases of cancer
worldwide (5). In 2001, around 1,900 cases of recognised occupational diseases in the
EU-15 were due to biological agents (6). In France, 2.6 million workers were exposed to
biological agents in their jobs in 2003, which represents 15% of the workforce (7). More
than half of those were employed in health and social work, where two thirds were in
contact with biological agents. Significant exposure to biological agents was also
found in agriculture, the manufacture of food products, services to individuals and
households, research and development, and sanitation activities.
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(2) Directive 2000/54/EC of the European Parliament and of the Council of the 18th September 2000 on the
protection of workers from risks related to exposure to biological agents at work (seventh individual
directive within the meaning of Article 16(1) of Directive 89/391/EEC). Official Journal L 262.
http://europa.eu.int/eur-lex/lex/LexUriServ/LexUriServ.do?uri=CELEX:32000L0054:EN:HTML

(3) Driscoll, T., Takala, J., Steenland, K., Corvalan, C., Fingerhut, M., ‘Review of estimates of the global burden
of injury and illness due to occupational exposures’, American Journal of Industrial Medicine, 2005, World
Health Organization, http://www.who.int/quantifying_ehimpacts/global/3gbdcomparison.pdf

(4) Takala, J., ‘Introductory Report: Decent Work — Safe Work’, XVIth World Congress on Safety and Health at
Work (Vienna, 27 May 2002), International Labour Office (ILO), SafeWork,
http://www.ilo.org/public/english/protection/safework/wdcongrs/ilo_rep.pdf

(5) Bosch, F. X. et al. ‘Infections’, UICC Handbook for Europe, International Union Against Cancer, 2004,
http://www.uicc.org/fileadmin/manual/9.6infections.pdf

(6) Karjalainen, A., Niederlaender, E., ‘Occupational diseases in Europe in 2001’, Statistics in focus, 15/2004.
European Communities, 2004, ISSN: 1024-4352,
http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-NK-04-015/EN/KS-NK-04-015-EN.PDF

(7) Guignon, N., Sandret, N., ‘Les expositions aux agents biologiques dans le milieu du travail en 2003’,
DARES, Premières Informations et Premières Synthèses, No 26.1, June 2006.
http://www. Travail.gouv.fr/IMG/pdf/2006.06-26.1.pdf

5,000 workers die each
year of communicable
diseases in the EU. In
France, 15% of the
workforce is exposed to
biological agents.



Directive 2000/54/EC lays the principles for the management and prevention of
biological risks. The key to minimising the risks posed to workers by biological agents
lies in their proper assessment, as described in the Directive, which sets out the
obligations of employers ‘to determine and assess the risks in any activity where
workers may be exposed to biological agents. Practical guidance on how to do so, as
well as preventive tools, can be found on the Agency website dedicated to European
Week 2003 (8) ‘Dangerous substances, handle with care’, which aimed at raising
awareness and promoting activities to reduce the risks of working with dangerous
substances, including biological agents. Other valuable information on biological
agents and hazards in the workplace, such as the latest research findings and good
practices, are continuously being gathered and made available in the emerging
risks (9) and good practice (10) web sections of the Agency.

This report sets out to present the results of the Agency’s work on biological agents in
the workplace, an expert forecast on emerging biological OSH risks. The risks identified
in this forecast have been thematically grouped into four categories:
• substance-specific biological risks
• biological risks intrinsic to specific workplaces or work processes
• biological risks resulting from risk management and prevention practices, and
• occupational biological risks linked to social and environmental phenomena.

Six literature reviews explore in more depth some of the main emerging risks singled
out in the forecast in terms of context, workers at risk, health and safety outcomes, and
prevention.
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(8) http://ew2003.osha.eu.int/

(9) http://riskobservatory.osha.eu.int

(10) http://riskobservatory.osha.eu.int/

What are emerging risks?

An ‘emerging OSH risk’ has been defined as any occupational risk that is both new
and increasing.

By new, it is meant that:
• the risk was previously unknown and is caused by new processes, new

technologies, new types of workplace, or social or organisational change; or
• a long-standing issue is newly considered as a risk due to a change in social or

public perceptions; or
• new scientific knowledge allows a long-standing issue to be identified as a risk.

The risk is increasing if:
• the number of hazards leading to the risk is growing; or
• the likelihood of exposure to the hazard leading to the risk is increasing (exposure

level and/ or the number of people exposed); or
• the effect of the hazard on workers’ health is getting worse (seriousness of health

effects and/ or the number of people affected).



Three further forecasts have been produced on emerging physical (11), chemical (12),
and psychosocial risks (13), in order to provide as comprehensive a picture as possible
of the world of work. These activities are part of the European Risk Observatory, which
aims to highlight OSH trends in Europe, provide an early identification of newly
emerging risks in the workplace, and identify areas and issues where more information
is needed.
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(11) European Agency for Safety and Health at Work, 'Expert forecast on emerging physical risks related to
occupational safety and health'. Belgium 2005. ISBN: 92-9191-165-8.
http://riskobservatory.osha.eu.int/risks/forecasts/physical_risks/full_publication_en.pdf

(12) European Agency for Safety and Health at Work, 'Expert forecast on emerging chemical risks related to
occupational safety and health'. To be published in 2007.

(13) European Agency for Safety and Health at Work, 'Expert forecast on emerging psychosocial risks related
to occupational safety and health'. To be published in 2007.
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2.
METHODOLOGY



European experts were surveyed for their knowledge on the emerging OSH biological
risks. The Delphi method was used in order to reach a broad consensus and to avoid
non-scientifically founded opinions.

The Delphi method adopted for formulating an expert forecast on emerging risks in
this project consisted of three survey rounds (see Figure 1). Only the answers from
experts eligible for participation were analysed (see ‘3.1.Selection of participants’).
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(14) Cuhls, K., ‘Technikvorausschau in Japan — Ein Rückblick auf 30 Jahre Delphi-Expertenbefragungen’,
Technik, Wirtschaft und Politik, Vol. 29. Schriftenreihe des Fraunhofer-Instituts für Systemtechnik und
Innovationsforschung (ISI), Physica, Heidelberg, 1998

2.1. I M P L E M E N T A T I O N O F T H E E X P E R T S U R V E Y

Delphi method (14)

The Delphi method is a widely used methodology to build up information on topics
for which only uncertain or incomplete knowledge is available. There are several
variations of the Delphi method, but all of them are based on an iteration process
with at least two survey rounds in which the results of the previous rounds are fed
back and submitted again to the experts for new evaluation. The feedback process
ensures that the experts are aware of the views of other experts and gives them the
possibility to revise their first evaluation. At the same time it limits the chances of
individuals being unduly influenced by group pressures, which could lead to
experts not daring to offer their real opinions and lead to distorted results.

Figure 1. Delphi process implemented for the expert forecast on emerging OSH biological risks
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–> Consensus on prioritised list of emerging risks
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F i r s t s u r v e y r o u n d

A first exploratory survey round carried out in 2004 aimed to identify the emerging
risks. A questionnaire with open-ended questions was developed to help the experts
in formulating their views on the emerging OSH biological risks of the next 10 years.
The experts were invited to fill in the questionnaire, either electronically or on paper.
Based on all the issues identified in the returned questionnaires, a list was drawn up in
which the risks could be sorted into four categories: substance-specific biological risks;
biological risks specific to workplaces or resulting from specific work processes (risks
related to recycling and waste handling activities, to the health care and service
sectors, to laboratory and research activities, to the food industry, and to the
agricultural sector were mentioned); risks resulting from risk management practices
and handling; and OSH biological risks linked to social and environmental
phenomena.

S e c o n d s u r v e y r o u n d

A second questionnaire-based survey round was carried out in 2005. This aimed to
validate and complement the results of the first round. The questionnaire presented a
list, drafted out of the first round, with feedback on the number of times each item was
suggested. It invited participants to rate each item, independently from the others, on
a five-point Likert scale (non-comparative scaling process). The scale ranged from
‘strongly disagree that the issue is an emerging risk’, through ‘undecided’ to ‘strongly
agree that the issue is an emerging risk’. The experts could add new risks to the list.

As a result of the second survey round, a prioritised list of risks was drawn up based on
the mean values of the item ratings and the standard deviations (see box below for
more details).

T h i r d s u r v e y r o u n d

As the last step towards reaching a consensus, a third consolidation round was carried
out in 2005.

The third questionnaire also consisted of a non-comparative scaling process whereby
the respondents were asked to rate each issue independently from the others on the
same five-point Likert scale used in the second round.
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How to interprete the ratings

For each risk, the mean values and the standard deviations were calculated.
While the mean values help to prioritise the risks within one risk category, the
standard deviations reflect the level of consensus on one item among the
respondents.

The following areas have been defined for the interpretation of the mean values,
based on the definition of the five-point Likert scale used in the survey (see above),
and in order to have a reasonable balance of items between the different areas:
• the risk is strongly agreed to be emerging if the mean value of the rating is above

four (MV > 4);
• a mean value between 3.25 and 4 means that the item is considered to be an

emerging risk (3.25 < MV ≤ 4);



For each item, the response data sets were checked for statistical anomalies (ratings
deviating significantly from the median of the data). No specific respondent profile
could be associated to the few exceptional ratings found. As the anomalies had no
significant influence on the mean value, they were not removed from the data sets.

Kolmogorov-Smirnow-tests were also run in order to verify the standard distribution
of the data.

Delphi studies usually end after two to four survey rounds (15). With regards to the
present Delphi survey, a consensus among participants was reached in the third
round for the majority of the items. Indeed, when considering only the answers
from the 24 experts who responded to both the second and the third survey
rounds, a comparison of the standard deviations (SDs) of round two with round
three shows that most SDs decreased from one round to the next: out of the 36
items rated in both rounds, 19 SDs decreased and one did not vary. Considering
this positive development, and also with a view to the limited financial resources
and time allocated to the project, it was decided to end the Delphi survey at the
third round.

Although the same experts were invited to participate in the second and third rounds,
different persons actually responded to one or other round. In order to decide
whether to base the forecast only on the answers of the participants in round three
who also responded to round two (N=24), or on all answers from all participants to the
third round (N=36) — including those who did not participate in the second round —
the mean values were calculated for both population samples separately and

(15) Fraunhofer-Institut für Systemtechnik und Innovationsforschung (ISI), ‘Delphi 98 — Studie. Befragung
zur globalen Entwicklung von Wissenschaft und Technik. Zusammenfassung der Ergebnisse.‘
http://www.isi.fraunhofer.de/p/Downloads/Delphi98-Methoden.pdf

Expert forecast on Emerging Biological Risks related to Occupational Safety and Health

E
UROPEAN

A
GEN

CY
FOR

S
AFETY

AN
D
H
EALTH

ATW
ORK

20

• as a mean value is unlikely to be exactly equal to 3, the ‘undecided’ area has been
extended from 2.75 to 3.25, which means that the status of a risk is regarded as
undecided if its mean value is within this interval (2.75 ≤ MV ≤ 3.25);

• there is agreement that the risk is not emerging if the mean value is between 2
and 2.75 (2 ≤ MV < 2.75);

• there is strong agreement that the risk is not emerging if the mean value is below
2 (MV < 2).

The prioritised lists of emerging risks established at the end of the third survey
round form the expert forecast on emerging OSH biological risks.

2.2. R E L I A B I L I T Y O F T H E D A T A



compared. Globally, the mean values do not vary significantly between the two
groups. With regards to the top ten items (Diagram 1), the differences lie between 0.04
points (for ’poor maintenance of air-conditioning and water systems’ and ‘inadequate
OSH training’) and 0.19 points (for ‘biohazards in waste treatment plants’). Therefore,
the ratings from all the experts who participated in the third survey round have been
taken into consideration in order to have a forecast based on more participants.
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Diagram 1. Comparison between the mean values of the ‘top’ ten items of the 3rd survey round for the
following two population samples: all respondents to the third survey round (N=36); and respondents
to both round 2 and round 3 (N=24)
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The study relies on the goodwill of the experts to complete the questionnaires, with no
financial compensation for their contribution. What is more, the respondents had to
understand written English and to be able to formulate their answers in English as the
questionnaires were not translated. This has certainly had an effect on the response rate
and may be one of the report’s major limitations. Indeed, the higher the number of
participants, the better the reliability and representativity of the forecast. In addition, it
means that some countries may be over-represented — as was the case for Germany in
this survey — depending on the country of origin of the experts willing to participate.
This may affect the representativeness of the forecast in terms of the European view.

There are also limitations with the initial phase in which risks are defined. Analysing
and compiling the free-text answers to the open-ended questions raised in the first,
‘brainstorming’ survey round is a difficult exercise. Indeed, the answers received were
variable in terms of the amount of information and details provided, the level of
specificity of the issues brought up — while some issues mentioned were, for
example, substance-oriented, others had been formulated with a view to health
outcomes, or overlapped with several other items but addressed only one specific
workplace, or one specific health outcome — and the quality of the written English.
As opposed to a workshop, in such a questionnaire-based process there is no
opportunity for a moderator to ask the participants for clarification, to re-focus their
answers on OSH when they have moved beyond the scope of the study, or, conversely,
to provide them with the information they may need to answer the question
adequately. These factors impede the setting of clear risk descriptions, which is
essential to avoid misunderstanding on the items to be rated in the further rounds.

A further issue is the difficulty of finding the right participants. On the one hand,
respondents with a deep but specific expertise may be too focused on their own area
of work and mention only their own topics and activities in the survey. Conversely,
generalists with broader knowledge may lack the expertise to judge whether an issue
is actually emerging, and may be influenced by more political views.

Furthermore, the items identified in the survey are long-standing issues requiring
action, rather than new or potential risks. Even if something has been known for some
time, it can still be an emerging risk, because the scientific knowledge that enables us
to understand that something is a risk is often deferred. Still, it seems that the point of
the emerging risks definition referring to new risks —‘the risk was previously unknown
and is caused by new processes, new technologies, new types of workplace, or social
or organisational change’ — has been poorly addressed in this exercise.
Questionnaire-based surveys may not be suitable for the forecast and anticipation of
issues that are genuinely new or do not yet exist.

Last but not least, because of the nature of forecasting activities, the evidence may still
be inconclusive for some of the emerging risks mentioned in the survey. However, this
does not mean that such issues should be avoided; this would mean that the Risk
Observatory had failed to accomplish its main objective. Rather, particular care should
be taken to discuss the findings with the relevant stakeholders in order to validate any
conclusions and decide on the need for any further work on the topic. In this way, the
Risk Observatory will fulfil its mission to stimulate debate and assist policy-makers in
identifying priorities for action and research.

2.3. L I M I T A T I O N S O F T H E M E T H O D O L O G Y
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3.
EXPERT PARTICIPATION



For the first round, 109 experts were approached by the TCWH and invited to
participate in the survey. 32 experts returned completed questionnaires (response
rate: 29 %).

Ninety-five experts were invited in the second phase, of which 42 returned completed
questionnaires (response rate: 44 %).

The same number of experts (N=95) was invited to take part in the third and last
survey round. Thirty-six questionnaires were returned (response rate: 38 %).

All the questionnaires received in the three rounds were returned from experts with at
least five years’ experience in the field of biological risks.

Over the three survey rounds, experts from 21 European countries participated in the
formulation of the forecast on emerging OSH biological risks (Diagram 2).

It should be noted that one third of the answers were received from Germany, which
is therefore over-represented in the survey. This may have biased the results towards
the German position on biological emerging OSH risks, hence the forecast may not be
representative of a European consensus.

109 experts were
approached.
The forecast is based
on 36 questionnaires
returned from
21 European countries.

The experts were proposed by the Topic Centre Research on Work and Health (TCWH)
members and the focal points of the Agency in order to ensure a broad coverage of
qualified expertise across the EU. For their answers to be taken into consideration, the
respondents had to have at least five years’ experience in the field of biological risks.

The expertise was collected and used with full awareness of the principles and
guidelines of the European Commission (16).
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Participating experts
were required to have
at least five years’
experience in the field.

(16) European Commission, ‘Collection and use of expertise by the Commission — principles and
guidelines‘, Luxembourg, 2004, ISBN: 9289458216, http://europa.eu.int/comm/research/science-
society/pdf/guidlines_ss_en.pdf.

3.1. S E L E C T I O N O F P A R T I C I P A N T S

3.2. R E S P O N S E S
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Diagram 2. Number of respondents from different countries of origin completing the first, second and
third rounds of the survey
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Diagram 3. Number of respondents to the first, second and third survey rounds, by function
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Diagram 4. Number of respondents to the first, second and third survey rounds, by field of activity
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In the third survey round, which forms the forecast, the majority of respondents were
‘professors/lecturers’ (n=8), ‘heads of department’ (n=7) or ‘researchers’ (n=6). Eighteen
experts (additionally) ticked‘other function’. These other functions are specified below:
‘OSH medical counsellor’ (n=3); ‘safety advisor’; ‘head of section’; ‘specialist’; ‘OSH
technician’; ‘expert’; ‘biosafety manager’; ‘biological safety officer’; ‘university biological
safety advisor’; ‘head of department ‘biological agents’; ‘coordinator biotechnology
regulations’; ‘member of division and scientific expert’ as well as ‘biosafety manager’.
Two of them did not specify their ‘other function’, but indicated that they were
involved in inspection and consulting activities (Diagram 3).

3 . 3 . 2 . F i e l d s o f a c t i v i t y o f t h e r e s p o n d e n t s

Most of the respondents to the third survey round were involved in ‘training/teaching’
(n=16), in ‘research’ (n=15) or in ‘consulting’ (n=15).

Five experts ticked ‘other main activity’: Besides being involved in ‘training’ and
‘consulting’, three of them indicated they were ‘biological risks — project
managers’, one specified ‘national legislation’and another expert wrote that his/ her
tasks ‘involve most of the activities mentioned in the questionnaire’. All these
activities were considered acceptable and all experts met the selection criteria
defined (Diagram 4).
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4.
MAIN EMERGING BIOLOGICAL

RISKS IDENTIFIED



The 10 main emerging risks highlighted in the forecast are presented in this chapter.
The exact descriptions of the risks as rated by the experts are listed in Table 1 together
with the number of respondents to each item, the mean value of the ratings and the
standard deviation.

The forecast singles out two risks ‘strongly agreed’ as emerging (MV>4): the
‘occupational risks related to global epidemics’ (MV=4.51); and the ‘difficult
assessment’ of risks posed by biological agents in the workplace (MV=4.06).
However, it should be noted that the limit for distinguishing between the risks
‘strongly agreed’ and ‘agreed’ as emerging was set arbitrar i ly (see ‘2 .1 .
Implementation of the expert survey’) and that the mean value of the last item
rated as ‘strongly agreed’ as emerging risk is very close to the mean values of the
next following items.

The top risk also shows a high consensus among the experts (SD=0.612). Some
examples of diseases mentioned by the experts are severe acute respiratory
syndrome (SARS), viral hemorrhagic fever, tuberculosis, acquired immune
deficiency syndrome (AIDS), hepatitis C and hepatitis B. But the list of emerging
epidemics affecting the occupational environment in the context of the changing
world of work is long. More information on these risks can be found in the experts’
comments (see below) and in a literature review (see ‘4.2.1 Occupational risks related
to global epidemics’). Occupational risks in the context of pandemics have also been
identified as major OSH priorities in a review of various national, EU and international
resources identifying future research needs in the field of OSH, carried out by the
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4.1. S U R V E Y R E S U L T S

Diagram 5. The 10most important emerging biological risks identified in the survey
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Agency (17). The consistent results between the forecast and the review strengthen the
importance of this issue.

It is interesting to note that the OSH risks linked to epidemics, together with the third
of the ‘top’ emerging risks — the risk of workers’ contamination with drug-resistant
microorganisms (see experts’ comments below and literature review ‘4.2.2 Workers’
exposure to antimicrobial-resistant pathogens in the health care sector and livestock
industry’) — also relate to the public health sphere, hence the need to coordinate
action between the OSH and public health areas to ensure efficient prevention.
Although the latter field is clearly outside the remit of the Agency, it is essential to
stress the importance of multi-disciplinary cooperation and coordination.
Effective use and sharing of research and information is of the utmost importance.

Poor risk management is a major problem. Whilst according to Directive
2000/54/EC employers have the duty to determine and assess the risks posed by
biological agents in the workplace, in practice, proper assessment of biological risks is
still difficult (see‘4.2.6 Difficult risk assessment of biological agents in the workplace for
more information’) and is strongly agreed to be an emerging risk in itself by the
respondents to the survey (MV=4.06). The ‘lack of information on biological risks’ in the
workplace (MV=3.97) contributes to render risk assessment difficult and belongs as
well to the top 10 emerging risks. The consistency in the respondents’ evaluation of
several items linked with risk assessment (see more related items in ‘5.3 Biological risks
resulting from poor risk management and prevention practices’) may be considered
to validate the forecast. Besides, it is noticeable that the problematic exposure
assessment of biological agents has been identified as a priority in the review of OSH
research priorities mentioned earlier.

Besides deficient risk management, inadequate or lacking preventive measures such
as the ‘inadequate provision of OSH training to workers’ (MV=3.92) — especially in
local authorities — or the ‘poor maintenance’ of equipment — water and air-
conditioning systems being put forward here (MV=3.92) — are also considered to
pose emerging risks to workers. Moreover, this illustrates the consequences of
insufficient information on biohazards. Indeed, the experts comment that some ill-
health symptoms observed in indoor workers are often wrongly assumed to be flu-like
diseases; in fact, they are engendered by biological agents developing in poorly
maintained air-conditioning systems. Recent findings on legionella should now
facilitate establishing a correct diagnosis of such symptoms.

If the risks engendered by biological agents are difficult to assess, ‘combined
exposure to biological agents and chemicals’ (MV=3.81) is all the more
challenging, and is actually closer to the reality of workplaces. While the range of
potential health effects is wide, it is difficult to determine which of the constituents
primarily accounts for which health effects.

The occupational risks linked to ‘waste treatment’ are not only among the main
emerging biological risks (MV=3.89) (see also literature review ‘4.2.5 Biological risks in
the management of solid waste’) but were strongly agreed to be emerging (MV=4.11)
in a complementary expert survey on emerging chemical risks (18). The similar mean
values in both surveys may be considered to validate each other.
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(17) European Agency for Safety and Health at Work, ‘Priorities for occupational safety and health research
in the EU-25‘, Luxembourg, 2005.

(18) European Agency for Safety and Health at Work, ‘Expert forecast on emerging chemical risks related to
occupational safety and health‘. The report will be published in 2007.



Last but not least, two of the main emerging risks put forward in the forecast are
directly linked to specific biological agents, namely ‘endotoxins’ (MV=3.81) (see
literature review ‘4.2.3 Occupational exposure to endotoxins’) and ‘mould in indoor
workplaces’ (MV=3.78) (see literature review ‘4.2.4 Moulds in indoor workplaces’).
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MV>4: risk strongly agreed as emerging 2.75≤MV≤3.25: status undecided

3.25<MV≤4: risk agreed as emerging 2≤MV<2.75: risk agreed as non-emerging

NB: None of the risks were strongly agreed as non-emerging (MV<2).

Mean Standard
Top ten biological risks N Value Deviation

(MV) (SD)

Globalisation leading to epidemics of old and new pathogens (e.g.
Severe Acute Respiratory Syndrome (SARS), avian flu, viral hemorrhagic
fever, tuberculosis, Human Immunodeficiency Virus (HIV), Hepatitis C,
Hepatitis B):

• High density of animals in confined spaces in contact with humans
leading to increasing zoonosis cases (diseases jumping the species
barrier from animals to humans).

• High population density and increase in business trips, tourism and
immigration helping zoonoses and other infectious diseases to
spread quickly worldwide.

Groups particularly at risks of contamination: staff involved in
producing, processing and transporting livestock; airport staff and air
crews; staff involved in border controls and policing; staff in health care
sector; public transport; and public services.

The risk is often underestimated, which leads to a lack of preventive
measures. 35 4,51 0,612

Poor or difficult assessment of biological risks. 36 4,06 1,040

General increased use of antibiotics for human health care and for
animal breeding in the food industry leading to the apparition of drug
resistant pathogens (e.g., methicillin resistant staphylococcus aureus
(MRSA), tubercule bacillius (TBC)). Health effects observed: increase in
staff infected with MRSA in western hospitals; increasing antibiotics
resistance of livestock farmers and in the population in general. 35 3,97 1,014

Lack of information on biological risks in different workplaces (e.g. office
workplaces, agriculture). 36 3,97 1,055

Poor maintenance of air-conditioning (whose use is increasing) and water
systems (e.g. legionella, aspergillosis in hospitals). New knowledge about
the presence of legionella will help the correct diagnosis of symptoms so
far wrongly attributed to other diseases like flu. 36 3,92 0,806

Inadequate training, poor knowledge of OSH or even poor basic
awareness of risks of local authorities staff (e.g. sewage, excavations,
waste collection, etc.). 36 3,92 0,906

Biohazards in waste treatment plants (e.g. selective sorting,
manufacture of compost) leading to allergies, infectious diseases
(bacteria, viruses), toxinic diseases (endotoxins, mycotoxins) and
cancers (oncogens). Especially in composting facilities where there is a
wide variety of microorganisms present at the different stages of the
composting process, the risks are not completely identified yet. 36 3,89 1,036

Table 1. The 10most important emerging biological risks identified in the survey (N = number of
experts answering the specific item; mean value (MV); standard deviation (SD))



E x p e r t s ’ c o m m e n t s

When available, the comments added by the respondents to the items are listed
below to provide some context and support to the ratings.

Risks strongly agreed as emerging (MV > 4)

• Occupational risks related to global epidemics

There is a real risk of global epidemics of endemic diseases such as malaria, dengue
fever, and of meningococcal disease and measles. The following groups of workers
face increased risks of contracting such diseases in their jobs: health care staff, livestock
handlers, airport staff and workers involved in border controls. Aircrews are also at risk
as they are exposed to poorly filtered air recirculated into the aircraft cabins.
Additionally, drivers in public transport are at risk of coming in contact with infected
people and hence being contaminated. With regard to the livestock industry, close
contact between human beings and animals in confined spaces is a long-established
practice that has contributed to influenza pandemics through antigenic shifts for
centuries. According to the respondents, the rise in global travelling is another factor
responsible for the increasing risk of pandemics. In this view, the need for better
information systems alerting travellers on these risks is emphasised. Generally, more
research is needed to provide more detailed data on workers groups at risk in order
both to help employers implementing preventive measures, and to give policy-
makers evidence of the need for an increase in research funding.

• Poor or difficult assessment of biological risks

Proper assessment of biological risks is necessary for prevention. According to one
respondent, the assessment of biological risks is usually better done in laboratories
and in the health care sector. However, identification and measurement of biological
agents in general are major issues and still need to be addressed.

Risks agreed as emerging (3.25 < MV ≤ 4)

• Workers’ exposure to antibiotics-resistant bacteria in the human health care sector
and in the food industry

The increased use of antibiotics for human health care and for animal breeding, as well
as the inadequate use of antibiotics (for example, a dosage that is too low, a treatment
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Mean Standard
Top ten biological risks N Value Deviation

(MV) (SD)

Bioaerosols and chemicals, the combined effects of which have been
very little studied but lead to allergies. More knowledge will help
identify the real multi-factorial causes of symptoms for which mono-
causal explanations have been given so far. 36 3,81 1,037

Endotoxins: High concentrations in various industrial settings (e.g. in
workplaces exposed to organic materials (straw, wood, cotton dust),
waste treatment, poultry houses, swine confinement buildings) leading
to asthma, loss of lung function, etc. 36 3,81 1,215

Moulds in indoor workplaces due to new construction methods and
materials, due to the aim of saving energy and due to the lack of
maintenance: Exposure to fungal spores for office workers and
especially workers involved in building restauration, leading to
sensitisation and allergies. 36 3,78 0,929



that is not followed until completion, the choice of an antibiotic without a study on
resistance etc.) leads to the emergence of drug-resistant bacteria, such as
multiresistant tuberculosis. However, despite supporting evidence for this
phenomenon, quantitative epidemiological information is rather weak. Therefore,
more research has to be conducted in this field.

• Poor maintenance of air-conditioning and water systems

Workers involved in maintenance activities are at greater risk of exposure to legionella.

• Combined exposure to bioaerosols and chemicals

More knowledge on the negative health effects of the combined exposure to
bioaerosols and chemicals is still needed.

• Endotoxins

High concentrations of endotoxins can be found in the agricultural sector (swine
breeding and grain harvest). One issue that is often ignored is that the use of
bactericides to eliminate bacteria from a contaminated area may actually result in the
emergence of other endotoxin-producing organisms in the very same area, possibly
resulting in endotoxins resistant to the bactericide used and in concentrations even
higher than the initial level. However, besides their negative health effects, endotoxins
may also have positive consequences. Indeed, exposure to higher concentrations of
endotoxins may also reduce the incidence of allergic reactions such as atopic asthma
and allergies through an effect on the balance of T-helper cells 1 and T-helper cells 2.
More research is needed on occupational exposure to endotoxins and on the dose-
effect relationship.

• Moulds in indoor workplaces

Due to financial considerations, constructors often do not leave building materials
enough time to dry off, which may result in mould growth in the finished construction.
Indoor mould growth is also found in older buildings. According to one respondent,
moulds are only moderate allergens, and only high airborne concentrations of mould
spores may cause allergies. A further expert adds that mould-related allergies in
workers seem to be an issue for construction workers rather than office workers.
However, another expert mentions that an increase in the number of mould-related
occupational diseases is seen in some countries’ statistics and adds that in Finland in
2002 there were 264 cases of occupational diseases caused by moulds, mostly
allergies (155 cases). The most common branch for these occupational diseases was
health care and social sector with 71 cases, followed by public administration (49
cases), agriculture (43 cases) and education (42 cases). Construction branch had only
seven cases of occupational diseases caused by moulds. This divergence of opinion
may be due to geographical differences, to the different level of awareness for mould-
related health problems in the different countries, and to the differences in national
recognition systems for occupational diseases. Last but not least, exposure to mouldy
working environments due to water-damaged constructions may be the cause for
health symptoms sometimes mis-diagnosed as flu-like diseases.
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This section contains six literature reviews that explore in more depth some of the
main emerging risks singled out in the forecast in terms of context, workers at risk,
health and safety outcomes and prevention:
• occupational risks related to global epidemics
• workers’ exposure to drug-resistant microorganisms
• occupational exposure to endotoxins
• moulds in indoor workplaces
• biohazards in waste treatment activities, and
• the difficult assessment of biological risks.

The papers selected for these reviews all originate from scientific peer-reviewed
journals, from reputable research or OSH organisations, or from conference
proceedings reviewed by scientific committees. Out of the 366 references used, only
42 (11%) were published before 1996, i.e. more than 10 years before this report.

4 . 2 . 1 . O c c u p a t i o n a l r i s k s r e l a t e d t o g l o b a l e p i d e m i c s

In the 21st century, we are still faced with the continuous emergence of new or newly
recognised pathogens (such as the severe acute respiratory syndrome (SARS), avian
influenza, Ebola and Marburg viruses) and the re-emergence of well-characterised
outbreak-prone diseases (such as cholera, dengue, measles, meningitis and yellow
fever). Whilst until the end of 2005, only three diseases — cholera, plague and yellow
fever — had to be reported to the World Health Organization (WHO), the new
International Health Regulation now encompasses all ‘public health emergencies of
international concern, including emerging diseases’, which must be reported as soon
as possible to the WHO[1][2].

In a joint consultation of the WHO, the Food and Agriculture Organization of the
United Nations (FAO) and the World Organisation for Animal Health (OIE)[3], the
following key zoonotic diseases have been identified for Europe:
• zoonotic agents for which emergence will have a major impact on public health:

avian influenza virus, as well as drug-resistant and more virulent strains of food-
borne bacteria;

• zoonoses and zoonotic agents with current and potentially increasing impact:
transmissible spongiform encephalopathies (TSEs), Hanta virus, rabies (Eastern
Europe), orthopox virus, tick-borne encephalitis, hepatitis E (porcine), Lyme disease,
Rickettsia spp., tuberculosis (bovine/avian), tularaemia, Brucella melitensis, marine
brucellosis, Echinococcus multilocularis, Echinococcus granulosus, Leishmania spp.,
Taenia solium, trichinellosis, Baylisascaris ascaris (larval migrans), toxoplasmosis and
cryptosporidiosis/giardiasis;

• zoonoses and zoonotic agents imported from outside Europe: Rift Valley fever,
dengue virus, West Nile virus, alpha viruses, TSEs, pandemic influenza, SARS
coronavirus, monkeypox, paratuberculosis, Borna virus, pathogens transmitted via
blood and blood products, pathogens from marine environments (Vibrio spp.,
influenza A/B, Calici virus, Brucella spp., nematodes) and Burkholderia pseudomallei
(potentially).
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More than three quarters
of human diseases are
zoonoses.

L I T E R A T U R E R E V I E W S 4.2.



More than three quarters of the human diseases that are new, emerging or re-
emerging at the beginning of the 21st century are zoonoses, i.e. caused by pathogens
originating from animals or from products of animal origin. Many of these emerging
diseases spill over from natural wildlife reservoirs into humans, either directly or via
domestic or peridomestic animals. Emerging zoonotic diseases are increasingly
recognised as a global issue with potentially serious impact on human health effects.
Their current upward trends are likely to continue[3].

When a contagious virus emerges, its global spread is considered inevitable and is
likely to be rapid. The pandemics of the previous century encircled the globe in six to
nine months, even at a time when most international travel was by ship. Today, it is
estimated that a new contagious virus could reach all continents in less than three
months. For example, SARS spread quickly to 30 countries, even though it was not
caused by a highly infectious pathogen. A combination of factors may contribute to
the emergence and spread of (zoonotic) disease agents, including:
• the increased speed and volume of international transport of humans, animals, and

products;
• agricultural expansion and intensification, as well as new practices in animal

husbandry and in food production responding to the increasing demand for animal
protein;

• demography and the increasing number of immuno-compromised people as a
consequence of an ageing population;

• ecological factors such as climate change, as well as urbanisation, land use and
deforestation, whereby the contact between humans, domestic animals, and
wildlife is increased, creating more opportunities for animal-to-human transmission
of diseases; and

• factors associated with the disease-causing agent, such as the development of
increased virulence or drug resistance, adaptation to new vectors and hosts, as well
as mutation and recombination in humans and other animals after exposure to
multiple pathogens (for example, food-borne or influenza viruses).

Measures such as border closures and travel restrictions might delay but cannot stop
the introduction of a microorganism into a country; for example, it is not possible to
stop the migration of wild birds, which may spread a disease-causing agents over
national borders[4][5][6].

To date, research into biological hazards in the occupational environment remains
limited apart from the risks of infectious disease affecting both research and health
care professionals. Moreover, the extensive use of antibiotics and vaccines has resulted
in less surveillance of the risks of acquiring infections and transmissible diseases.
However, the emergence of the Human Immuno-deficiency Virus (HIV) in the 1980s
alarmed infectiology experts and rapidly affected the world of work. The new virus
originated in Africa and presented new occupational risks for all health care workers,
requiring changes in medical practices and new safety regulations for handling blood
and other biological fluids. Such measures, however, do not protect workers from
airborne transmitted infection, such as SARS or avian flu. Most of the respiratory masks
commonly available on the market do not provide efficient protection, while medical
masks do not protect sufficiently against bioaerosols. A great deal remains to be done
in this field.
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G l o b a l e p i d e m i c s a n d t h e e p i d e m i o l o g i c a l c h a i n

The internationalisation of traffic and trade may have an impact on two of the five links
of the epidemiological chain(19), which is also called the transmission chain: the
reservoir link (the source) and the transmission-by-vector link leading to the
introduction of a new epidemiological cycle on a previously epidemic-free
geographic area. The reservoir and the vector may be an animal — for example, wild
birds are a suspected reservoir of avian flu, and the mosquito Aedes albopictus is a
vector of malaria, dengue, yellow fever, etc. — or a human being[3].

Action of globalisation on the reservoir link

Livestock as a reservoir

Today, avian flu is a major concern with the threat of a pandemic flu. The highly
pathogenic avian influenza (HPAI) viruses with most significant impact on humans
arise from influenza A strains, such as A/H5 or A/H7. The natural reservoir of these ‘A’
strains is found in aquatic wild bird populations. However, outbreaks of HPAI rarely
start directly in wild birds, but are generally the result of some low pathogenic A strains
being transmitted from wild birds to domestic poultry, among which they then
circulate and eventually mutate into HPAI viruses.

Since 2000, there have been more and larger outbreaks of HPAI in poultry. This
phenomenon is not yet understood, and is the subject of speculation. In particular,
very large outbreaks have occurred in densely populated commercial bird
populations, such as the A/H7N1 outbreak in Italy in 1999 and the A/H7N7 outbreak
in The Netherlands in 2003[7]. In a joint consultation on emerging zoonotic diseases
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(19) The epidemiological chain (medical term) or transmission chain (technical term preferred by workers)
is the basis of an occupational biological risk assessment. It is composed of five steps; the reservoir
(human, animal or non-living), the ways out, the transmission routes (direct, semi-direct via hands,
indirect by vector), the entrances (skin, mucous membrane, airways, etc.) and finally the host — here
the worker at the work place.

Extensive poultry farming



organised by the WHO, 89 persons working with infected poultry were reported to
have been infected with A/H7N7 during the Dutch outbreak[3]. According to a study
published by the Dutch National Institute for Public Health and the Environment
(RIVM)[8], of the 500 tested persons who had handled infected poultry in the
Netherlands, about 50% showed an antibody response. Antibodies were also found in
59% of infected poultry workers’ family members.

To date, outbreak centres of avian influenza A/H5N1 have multiplied and spread to
about 50 countries on three continents (Asia, Africa and Europe). While wild migratory
birds generally tend to be seen as the factor responsible for the spreading of the
epizootic, globalisation of trade and traffic certainly contribute to this
phenomenon[9][10][11][12]. Indeed, in 2005, two raptors illegally introduced in
Belgium were infected with the avian influenza virus A/H5N1[13]. In Northern Asia and
in Siberia, the diffusion of the A/H5N1 virus has been found to follow the railways[14].
In Nigeria, the introduction of the A/H5N1 virus into an intensive poultry-breeding
industry is thought to be the result of trading activities with affected
countries[9][10][11][12]. Further widespread infections in domestic poultry have been
reported in parts of north, west and central Africa. The most important drivers are likely
to be trade and movement of poultry, rather than wild birds. In the case of the well-
described outbreaks in Egypt, both commercial and backyard flocks were
involved[15]. At the other extremity of the epidemiological chain, workers are often
the very first ones to be exposed to such new infectious agents. More than anyone
else, poultry workers face intensive, daily occupational exposure to the risk of
contamination with the avian influenza virus(17)(see below ‘Exposure routes and
workers at risk’).

Exotic animals and imported reservoirs

In the northern hemisphere, the new fashion for exotic domestic pets has encouraged
the import of rodents, bats and reptiles, introducing some opportunities for exotic or
classical zoonosis to develop in workers involved in this trade. Two and three years ago,
pups from Morocco and Egyptian bats brought into Europe introduced rabies[16]. In
2004, the cross-breeding of African rodents and prairie dogs in an American animal
housing facility resulted in an epidemic of monkey-pox with more than 80 people
infected. Hundreds of prairie dogs had been in transit in this animal housing facility
and all owners, importers and sellers in the United States had to be traced[17][18][19].
In the southern hemisphere, deforestation has increased contact between human
populations and small wild animals such as rodents and bats. Workers from the
northern hemisphere trading directly with these people are exposed to the same local
zoonosis (Ebola fever, for example)[4][20].

Human reservoirs as a consequence of long-distance travelling

Besides international trade, the increase in international travel and more particularly in
air travel as a consequence of more frequent business-related trips and of increased
tourism has multiplied the opportunities for new epidemics. In this case, human
beings act as a reservoir in a geographic area previously free from the pathogen.
Beginning in China at the end of 2002, the international spread of SARS resulted in
8,098 SARS cases in 26 countries, with 774 deaths by July 2003[21]. This new Corona
virus also affected the occupational environment, since SARS cases were found in
workers in contact with contaminated individuals, such as airport and health care staff.
The WHO alerted the global community to SARS epidemics among health care
workers in Hanoi, Vietnam, and Hong Kong. SARS was also introduced to Toronto in
2003 via an infected individual coming back from China, which led to a total of 128
further SARS cases, most of them in staff of the hospital where the initial case was
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treated. This episode resulted in the death of three health care workers, two nurses and
a doctor. In some cases, contaminated staff brought the diseases into their homes,
which led to secondary contamination of family members. Furthermore, the WHO
alerted the global community to a severe respiratory syndrome that spread among
health care workers in Hanoi, Vietnam, and Hong Kong[22][23]. Since its emergence,
the very origin of the SARS Coronavirus (SARS-CoV) has proved elusive. New research
findings suggest that bats may be a natural reservoir: it has been found that species of
bats are a natural host of SARS-like coronaviruses (SL-CoVs), which are closely related
to those responsible for the SARS outbreak. As the human isolates of SARS-CoV nestle
phylogenetically within the spectrum of SL-CoVs, it means that the virus responsible
for the SARS outbreak was a member of this SL-CoVs group[24]. If bats are the actual
reservoir of the SARS-CoV, this raises important questions about how to monitor and
control emergent disease outbreaks. More particularly, further study of bats is
warranted, particularly since bats are sold in live-animal markets and consumed by
humans in China.

Several hospitals in the European Union and in Switzerland have been alerted to, or
have dealt with, cases of imported haemorrhagic viral fever. It is not possible to draw
up a complete list, but it seems that between 1980 and 2000, there were five
confirmed cases of Lassa fever and one of Ebola haemorrhagic fever, as well as seven
suspected cases of Lassa fever and five of Ebola haemorrhagic fever. In 2004, a patient
with Crimea-Congo haemorrhagic fever was sent back to France from Senegal with an
incorrect diagnosis. No special precautions were taken and it was later calculated that
the patient had been in contact with 181 people, including 97 staff at the French
hospital and two privately employed ambulance drivers. Also in 2004, the United
States reported one case of Lassa fever in a businessman returning from West Africa. A
total of 139 health care workers and 16 private laboratory workers had been in contact
with him[25][26][27][28][29][30][31][32][33]. Fortunately, to date, no secondary clinical
cases of Crimea-Congo haemorrhagic fever or Lassa fever have been reported,
meaning that the epidemiological chain could be broken after introduction of the
reservoir.

Action of globalisation on the transmission link

Over centuries, urbanisation and the development of transport have modified the
establishment of vector-transmitted diseases by encouraging both the dispersal and
establishment of vectors[34][35][36]. Today, the increasing speed and number of
exchanges multiply the risks of importing vectors of tropical diseases.

Imported goods, particularly in water, may introduce disease vectors such as
mosquitoes and other arthropods. Dengue, for instance, which is transmitted by the
main vector Aedes aegytpi and Aedes albopictus mosquitoes, is the most common
mosquito-borne viral disease affecting humans and has become a major international
public health concern in recent years. Over the past 25 years, the geographical spread
of both the mosquito vectors and the viruses has led to the global resurgence of
epidemic dengue fever and to the emergence of dengue hemorrhagic fever (DHF).
While only nine countries were affected by DHF in 1970, the number has increased
more than fourfold and continues to rise. It is estimated that dengue affects about 50
million people and kills about 24,000 people every year[37][38]. Geographical
expansion of the mosquito has been aided by increased air travel and by international
commercial trade, particularly where water is imported either unintentionally — for
instance in used tyres which easily accumulate rainwater — or intentionally in the
trade of Dracaena sanderiana (so-called ‘ lucky bamboo’) imported in
water[34][37][39][40]. In Europe, Aedes albopictus appeared in Albania in 1979, in Italy
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in 1990, in Belgium in a large tyre-
import plant in 2000, and in Serbia
and Montenegro in 2001[38][40]. In
France, it was first identified in 1999 in
a large plant recycling tyres imported
from the United States and from
Japan. Since then, Aedes albopictus
has been found in several tyre-import
plants throughout France[40]. The
international trade in used tyres has
been found to be particularly
implicated in the dispersal of certain
types of mosquitoes with an
ecological plasticity that enables
them to adapt to new
latitudes[9][10][11][12][13][23]. In
North America, Aedes albopictus was
found in 2001 on a cargo ship at Los
Angeles harbour with lucky bamboo
in water coming from China[38]. It
was then found in 14 resellers in
California. There is a real r isk of

infection in workers exposed to the mosquito-vector if the imported mosquito is
already infected with the virus at the time of its importation. In the field, it is not
possible to distinguish already infected from non-infected Aedes albopictus.
Prevention measures should be systematically adopted whenever there is a risk of
introduction of exotic mosquitoes through importation. In France, for example, the
risk of its spreading is currently being monitored very closely. Last but not least, Aedes
albopictus may also be a vector for other diseases such as malaria, yellow fever, West-
Nile fever, Japanese encephalitis and St Louis encephalitis[36][39][40][41].

In 1967, outbreaks of Marburg haemorrhagic fever — a severe and often fatal disease
caused by a virus from the same family as the one that causes Ebola haemorrhagic
fever — in Germany and Yugoslavia have been linked to laboratory work using African
green monkeys (Cercopithecus aethiops) imported from Uganda. The outbreaks
involved 25 primary infections in laboratory workers, with seven deaths. Among the
six secondary cases that followed, two occurred in doctors and one in a nurse. A new
epidemic, which began in 2004 in Angola, is still ongoing. Despite years of intensive
investigation no animal reservoir or other environmental source of the Marburg virus
— or of the Ebola one — has been identified. Although monkeys are susceptible to
infection, they are not considered to be a viable reservoir but instead act as a
vector[42][43].

Exposure routes and workers at risk

In the context of global risk, it is not easy to identify the at-risk occupations since
sources of exposure are varied and involve people, plants, goods and animals.

In the case of human-to-human transmission, health care workers[22][23][44] for
example are at the front line of the contamination risk. According to the ‘World health
report 2002 — Reducing risks, promoting healthy life’(20) by WHO, among the 35
million health care workers worldwide, about three million are exposed to blood
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(20) http://www.who.int/whr/2002/chapter4/en/index8.html

Mosquito



borne pathogens each year via percutaneous injuries — 2 million to hepatitis B (HBV),
0.9 million to hepatitis C (HCV) and 170,000 to HIV. These injuries may result in 70,000
HBV, 15,000 HCV, and 500 HIV infections. More particularly with regards to HIV, the risk
of contamination of health care workers is almost exclusively related to needle stick
injury. The probability of HIV infection following a needle stick injury is 0.32% when the
source is HIV-positive [23].

However, not only health workers are exposed to HIV. By the end of 2005, an estimated
24.5 million workers were living with HIV out of the 38.6 million persons infected
worldwide — so the ILO’s report ‘HIV/AIDS and work: global estimates, impact on
children and youth, and response — 2006‘(21). The‘ILO code of practice on HIV/AIDS and
the world of work’(22) established in 2001 recognises HIV/AIDS as a workplace issue not
only because it affects the workforce but also because the workplace can play a crucial
role in limiting HIV transmission. A lack of opportunities for decent work can compel
people to work under precarious and un-regulated conditions where they may be at
increased risk from HIV(21). The World Bank, in the report ‘Combating HIV/AIDS in Europe
and central Asia’(23), warns for example against the explosion of commercial sex work,
which represents a major threat in eastern Europe and central Asia where HIV/AIDS
epidemics is one of the world’s fastest-growing. Generally, young women face greater
risks than their male counterparts of being sexually abused and acquiring HIV at their
workplace, particularly through prostitution and other sexual exploitation(21).

Other groups of workers, such as transport workers and more generally mobile
workers, are particularly vulnerable to HIV/AIDS — and other sexually transmitted
infections — due to the particularity of their working conditions. Transport workers
encounter for instance few recreational opportunities while on the road and may be
tempted to compensate this with alcohol and prostitution. Additionally, clean and
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(21) http://www.ilo.ru/news/200612/Global_Estimate.pdf

(22) http://www.ilo.org/public/english/protection/trav/aids/publ/code.htm

(23) http://www.aidsmedia.org/files/985_file_World_Bank_English.pdf

Handling blood samples in the health care sector



secure sleeping accommodations at truck stops can be expensive and some drivers
report that spending the night with a commercial sex worker is sometimes cheaper.
In eastern Europe, a survey of truck drivers revealed that more than 80 per cent of
them had spent more than four months away from home the previous year, with
36 per cent indicating they had had casual sex. In some locations frequented by
transport workers condoms are not always available or sometimes very expensive (24).

Regarding animal-to-human transmission of zoonoses, workers in contact with live or
dead infected animals, or with aerosols, dust or surfaces contaminated by their
secretions have a higher risk compared to the general population. It includes: workers
in legal or illegal animal trade; workers in farms, animal husbandries, breeding facilities
and slaughtering facilities, including those involved in the disposal of carcases and the
cleaning and disinfection of contaminated areas; workers in veterinary services; as well
as in research[7][13][16][17][45][46][47][48][49][50]. Other workers also exposed to
animals, such as custom officers, zoo staff, pet shop workers and gamekeepers may
also be at risk[13][17][51].

Air travel plays a key role in the spread of communicable diseases over international
boundaries. Air travellers in general — including those travelling for their job and
more particularly air crews — are at risk of being contaminated with diseases
transmissible via aerosols, such as SARS[22] or tuberculosis[52].

Those working to control epidemic outbreaks are another obvious risk group[7]; for
example, workers involved in the culling and disposal of herds infected with avian flu
and bovine spongiform encephalopathy (BSE)[45][46][49][53].

Media professionals in radio and television are also at risk[54]. In 1999, for example, one
fatal case of yellow fever was found in Germany in a non-vaccinated cameraman
working on location in equatorial Africa[55].

Whatever the goods, all activities related to imports may be implicated in the
introduction of vectors such as mosquitoes. Here, there is a risk of contamination with
malaria or dengue fever, for example. All professions involved in these activities are at
risk, especially those unloading and opening containers. Indeed, cases of malaria have
been found in airport staff who had not been abroad for many months[56].

War, peacekeeping operations
or the distr ibution of
humanitarian aid may also
spread diseases or their
vectors[57]. WHO reports that
several ‘old’ and well-known
zoonotic diseases appear to
be re-emerging in the WHO
European region, as a result of
war among other reasons. For
instance, the WHO Regional
Office has been particularly

involved in dealing with leishmaniasis in HIV-immunodepressed people in Italy and
Spain as a result of imported cases from Afghanistan[3].

In the case of SARS, transmission occurs mainly through respiratory droplets and
direct contact[23][58][59][60], but also through indirect vehicle-borne transmission;
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(24) http://www.ilo.org/public/english/dialogue/sector/techmeet/tmrts06/report.pdf

Workers in contact with
live or dead infected
animals, aerosols, dust or
surfaces contaminated
by their secretions are
at risk of zoonoses.

Air crews and travellers,
those working to control
epidemics, media
professionals and
workers in war zones are
also at risk of
communicable diseases.

International trade—handling containers



for example, via contaminated materials. Indeed, the strain of the Corona virus causing
SARS can live on surfaces for at least two days and, in moist conditions, for up to four
days[22]. Cases of transmission have been found mostly in individuals who had had
close contact with a SARS-infected individual, including health care staff. In a study of
nosocomial(25) transmission in Toronto, the highest infection rate of 60% was observed
among health care staff in the coronary care unit where intense, close-contact care is
given to patients[23].

Avian influenza

With regard to avian flu, research on genomic approaches, animal models and
recombination approaches currently aims to determine which characteristics allow
viruses to infect humans[7]. Indeed, despite recent progress, knowledge of the
epidemiology, natural history, and management of influenza A/H5N1 disease in
humans is incomplete. There is an urgent need for more coordination in clinical and
epidemiological research among institutions in countries with cases of influenza
A/H5N1 and internationally. In addition, seroprevalence studies are also urgently
needed to determine the frequencies of human infection[48]. The infectious doses to
humans are not known[45], but transmission probability depends on both virus and
host factors[7]. With regard to the severity of the disease in the 140 or so cases of H5N1
human infections reported in Asia during 2004 and 2005, mortality was around
50%[7][61]. After a two to 14-day incubation period, fever and cough symptoms
appear and, in almost all cases, end in pneumonia. In contrast to other human flu
viruses, the A/H5N1 virus may spread out of the respiratory tract and harm other
organs, such as the liver, kidneys or bone marrow[61].

Transmissibility of A/H5N1 from animals to humans seems very low, even for those
directly exposed. Indeed, in Asia very few infections in humans have taken place in
spite of the massive exposure. However, anti-H5 antibodies have been found in
workers who have been exposed intensively to sick poultry, which suggests an
increased risk for avian influenza infection from occupational exposure[62]. Prolonged
exposure or close, direct contact with live or dead infected birds or poultry, to their
infected tissues, excretions, or secretions — especially saliva, faeces and respiratory
secretions — have been identified as the main risk factors. Transmission from animals
to humans may occur[7][45][47][49]:
• via the respiratory tract, following the inhalation of fine dust or fine water droplets;
• by projection of fine contaminated dust onto the ocular mucous membranes;
• by hand-to-mucous membrane transfer (especially the ocular and nasal mucous

membranes); for example, following the contamination of hands with surfaces
contaminated with animal secretions.

At-risk occupations therefore include workers at different stages along the food chain,
from farming to processing and food preparation. This includes workers who have
direct contact with live or dead contaminated poultry, such as workers who breed,
handle and slaughter poultry, clean slaughtered poultry, dispose, transport and
destroy poultry carcasses, or handle uncooked poultry carcasses and handle
uncooked meat in the food industry[46][47][48][49]. The risk of contamination is
higher in containment areas (for example, in husbandries, birdhouses or at animal
markets), or when people live very close to animals, as is sometimes the case in rural
areas of South-East Asia[46]. However, since most of Europe’s poultry flocks are
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humans is still
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transmissibility from
animals to humans
seems very low.

(25) Nosocomial infection: infection acquired in an hospital that was not present or incubating prior to the
patient being admitted to the hospital, but occurred within 72 hours after admittance to the hospital.
Taken from: http://www.medterms.com/script/main/art.asp?articlekey=4590

Occupations at risk from
avian flu include workers
at different stages along
the food chain, from
farming to processing
and food preparation.



segregated from humans — unlike in Asia — the risk is low in this region[7]. The
European Centre for Disease prevention and Control (ECDC) warns that the greater risk
for human infection would be exposure to poultry raised or kept outdoors and which
have contact with migratory birds. Indeed, poultry are highly susceptible to A/H5N1
viruses, therefore making the probability of exposure, infection, amplification and
human infections greater through contact with outdoor-reared poultry than with
indoor-reared commercial or industrial poultry[7].

Workers who are not in direct contact with poultry but come into contact with
contaminated surfaces and dust are also at risk; for example, those cleaning or
disinfecting breeding and hatching facilities or slaughterhouses, workers in vehicles
used to transport poultry, or staff in poultry processing plants[45][46][47][49]. Since
eggs seem to be a surface most likely to retain traces of faeces, workers handling,
cleaning and processing eggs must be added to the list of jobs at risk of
occupational exposure to the H5N1 virus[47]. Given the survival of influenza
A/H5N1 in the environment, farmers may also be at risk through the widespread use
of fertilisers derived from poultry manure[47][48]. At the other end of the food
chain, hotel, restaurant and catering workers who handle uncooked chicken
products are also at risk[47]. Last, but not least, at-risk occupations also include
veterinarians or staff in diagnostic laboratories and veterinary research performing
autopsy, handling smear samples and carr ying out research on viral
strains[45][46][49].

Moving on to human-to-human transmission of the H5N1 virus, one study found
H5N1-specific antibodies in the blood samples of eight out of 217 health care workers
who had been exposed to contaminated patients. It concludes from epidemiological
evidence that H5N1 viruses can be transmitted from patients to health care
workers[44]. However, human-to-human transmission is seen as even less likely than
animal-human transmission and, although three cases of human-to-human
transmission have been reported during previous epizootic episodes, there has so far
been no efficient person-to-person transmission. Those who have become infected
were generally blood relatives providing care at home and, apart from one case, there

Expert forecast on Emerging Biological Risks related to Occupational Safety and Health

E
UROPEAN

A
GEN

CY
FOR

S
AFETY

AN
D
H
EALTH

ATW
ORK

42

Human-to-human
transmission is seen as
even less likely than
animal-human
transmission.

European researchers study the avian influenza viruses in order to develop new vaccines— Istituto Zooprofilattico
Sperimentale delle Venezie, Italy



have been no onward transmissions to those providing care in a health care setting
who have taken normal precautions or among those controll ing the
disease[7][45][48][49].

This contrasts with the experience of other HPAIs where people working to control the
disease have been more at risk. Hence, most evidence indicates a difficult adaptation
process for A/H5N1 viruses among humans. However, a real concern is that a ‘normal’
seasonal flu virus infects an H5N1-infected human and that the two viruses recombine
into a new efficient H5N1 strain. Seasonal influenza vaccination is therefore strongly
recommended for workers involved in control measures when seasonal influenza is
circulating. Currently, due to the low number of H5N1-infected humans, this would be
statistically unlikely. However, the risk increases as the epizootic continues, especially
considering the fact that other mammals may act as the ‘vessel’ for dual infection and
recombination[7]. Besides, because large numbers of people in contact with poultry
are likely to be at risk of H5N1 infection in African countries, if the virus recombines into
a more efficient strain, then there is a possibility that a pandemic could arise from
Africa[15].

P o s s i b l e p r e v e n t i v e m e a s u r e s

The very first levels at which intervention should be applied are the reservoir and
transmission-vector levels. In this regard, the International Health Regulation regulates
the loading of containers and transport vehicles to try and prevent the introduction of
(known or new) pathogens or their vectors into a hitherto non-endemic area. These
regulations, primarily concerned with public health, are also effective occupational
prevention measures for workers involved in the import of containers and
vehicles[1][2]. Furthermore, as many of the emerging infectious diseases are
zoonoses[5], cooperation between public health and veterinary services must be
reinforced. Trade of animals or animal products must undergo strict control.

At the workplace level, there is an urgent need to protect workers, in all sorts of jobs,
from a new risk related to global epidemics. This is all the more so, given the difficulties
in finding adequate treatment for some diseases[63]. Organisational, collective
measures — including workers’ training to identify at-risk situations and to apply the
adequate control measures to both protect themselves and to stop the risks of further
spreading — are necessary and should be complemented with the necessary
personal protective measures.

In the case of the Canadian SARS episode, for instance, the precautions implemented
were successful in halting the transmission in the hospital. Following the identification
of staff and patient cases, the hospital was closed to admissions and discharged
patients were placed into quarantine at home for 10 days. Along with an increased
emphasis on hand-washing, additional precautions, including the use of gowns,
gloves, N95(26) or equivalent respiratory protection, and eye protection, were
implemented for all patient care. Single or negative-pressure rooms were used for all
febrile patients. Dedicated equipment was used for all patients, and patients were
restricted to their rooms except for medically necessary tests. Staff wore N95 masks at
all times in the hospital and were only allowed to leave their homes to go to work.
Volunteers and medical students were excluded from the hospital, and patients’ visits
were restricted[23].
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(26) An N95 respirator is one of nine types of disposable particulate respirators. It filters at least 95 %
of airborne particles but it is not resistant to oil. Taken from:
http://www.cdc.gov/niosh/npptl/topics/respirators/disp_part/default.html



On the 28th November 2005, the Commission adopted an EU generic preparedness
planning report[64] aiming to address public health threats and emergencies which
are affecting or are likely to affect more than one Member State, whether anticipated
(such as pandemic influenza) or unexpected (for example, a SARS-type
epidemic)[65]. The existence of regularly updated national preparedness plans in the
Member States is a prerequisite for responding adequately to threats at Community
level. More specifically, with a view to meet the influenza pandemic, national
influenza pandemic preparedness plans are being drafted or are already in place in
all Member States[66][67]. Specific guidance for workers potentially at risk of avian flu
is already available from the ECDC[7][10], from the WHO[68] and from some
European national authorities(27) for workers in the livestock industry, poultry keepers,
poultry slaughterers, workers involved in the disposal of poultry carcasses, workers in
the food-manufacturing industry, health care and veterinary staff, for workers
involved in outbreaks control, journalists in endemic areas and travellers including
those travelling for professional reasons, etc.[7][45][46][54][69][70][71]. For example,
in the health care sector, ‘extended standard hygiene measures’are recommended in
the case of exposure to a suspected case of a contaminated patient. In addition to
the general hand-protection measures (such as wearing protective gloves and
disinfecting hands), protective clothes, respiratory protection (such as FFP3-mask(28))
and goggles should be worn, especially when there is a possible formation of
aerosols, such as when performing a bronchoscopy. Suspected patients should be
isolated in single rooms. For staff who are directly involved in establishing a diagnosis
or in therapeutic measures on confirmed or suspected cases, as well as for staff in
direct contact with confirmed or suspected cases showing respiratory symptoms, it
is recommended to take oral prophylaxis with a neuraminidase-blocker before or
after exposure, depending on the situation. In order to avoid double infection, only
health care staff vaccinated against seasonal flu should be permitted to attend to
H5N1-patients[46].

Although the use of personal protective equipment (PPE) must be seen as the last
resort, there is an urgent need for the development of efficient, adequate PPE against
infectious risks. Indeed, the testing of most of the surgical masks commonly available
on the market has shown that these do not protect adequately from airborne
pathogens and infectious agents[72]. Furthermore, the clothing of some workers at
risk, such as customs officers, does not protect them from the biological risks related
to their occupation (for example, exposure to infected animals or people).

Broader organisational measures ‘spilling over’ into non-OSH domains should even be
envisaged, such as revising the architecture of hospitals. Large hospital units may need
to be restructured into smaller, geographically independent units with separate
equipment. Unit isolation by controlled ventilation systems should be reconsidered,
as it has proven ineffective in many situations[23][73]. Some experts also recommend
major changes in the way the livestock industry is managed[74].

Last but not least, because pandemics pose a global treat, they require a global
response. The SARS epidemic has demonstrated how sharing information and
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(27) Collection of good practice information from various countries, European and international
organisations available on the website of the European Agency for Safety and Heath at Work:
http://osha.eu.int/good_practice/risks/dangerous_substances/index_topic?topicpath=/good_practi
ce/risks/ dangerous_substances/bio_agents_zoonoses/

(28) The classification of available filtering half masks is carried out according to European Norms (EN 149)
(Filtering Face Piece = FFP available in three classes P1, P2 and P3 providing differing protection factors
(levels). (efficiency: low, med, high)
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transparency are vital if infectious risks are to be fought. It has exemplified the role the
international response can play in managing a global problem. Information sharing
and management were coordinated by the WHO, and timely information was posted
on its web site. Different international teams from various disciplines shared
information and worked together to provide tools and results to enhance diagnosis
and epidemiological analysis of the new pathogen[3]. More generally, particular
attention should be given to new ways of cooperation, as well as the effective use
and sharing of information[3][63]. The WHO has set up an international network using
new diagnostic and communication technologies[75]. Europe has similar networks;
for example, for legionellosis[76] and haemorrhagic fevers[77]. However, these
networks currently barely take into account any occupational risk dimension, hence
the urgent need to integrate occupational safety and health organisations among
their members. Better collaboration is required both at horizontal level — between
public health authorities, OSH authorities, veterinary public health services, food
safety authorities, environmental protection authorities, wildlife agencies and social
partners etc. — and at a vertical level — i.e. local, regional, national, and global —
involving several disciplines, such as medical, veterinary, population biology,
epidemiology, diagnostics, OSH, information technology, economics and social
science etc.

The effective forecasting, surveillance, prevention and control of new emerging
diseases is difficult given the complexity of the interactions between agents, animal
host species and the environment, and considering the episodic and sometimes
erratic nature of outbreaks. However, although history shows that the sequence of
events leading to the emergence of a new disease is different each time, several
factors are known to favour such an emergence, such as microbiological adaptation,
globalisation of agriculture, food production and trade, human behavioural factors,
and environmental changes. A systematic method for monitoring changes in these
risk factors and in conditions associated with such outbreaks may increase alertness,
resulting in improved surveillance. Besides, a careful review of past events could also
help to identify key trends and provide guidance for the future[3].

C o n c l u s i o n

Referring to the SARS epidemic in 2003, the WHO Director-General declared: ‘We all
swim in a single microbial sea.’ Today, given the speed and volume of international
traffic and trade, a new biological agent may spread around the world within a few
hours and result in a global epidemic. This also affects the world of work, where the
workplace may be, at the same time, a source of infection for workers and a bulwark
against epidemics. Poultry workers, for instance, who, more than anyone else face
intensive, daily occupational exposure to the risk of avian influenza are therefore one
of the most likely vectors for a mutated H5N1 virus capable of human-to-human
transmission. This means that the capacity to prevent global epidemics relies to some
extent on the safe working conditions of workers. Conversely, because the
epidemiological chain may start outside the confines of the workplace, there is a
need to consider all collective responsibilities and means of control in order to
identify and control the risk even before they enter into the workplace and pose an
occupational risk to workers. In general, because the global threat of pandemics
requires a global response, cooperation between various disciplines and authorities,
as well as the systematic monitoring of changes in outbreak risk factors, are vital for
effective forecasting, surveillance, prevention and control of emerging diseases and
epidemics.
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4 . 2 . 2 . W o r k e r s ’ e x p o s u r e t o a n t i m i c r o b i a l - r e s i s t a n t
p a t h o g e n s i n t h e h e a l t h c a r e s e c t o r a n d l i v e s t o c k i n d u s t r y

Since their discovery during the 20th century, antimicrobial agents(29) have
substantially reduced the threat posed by infectious diseases. However, this
advantage is now seriously jeopardised by the emergence and worldwide spread of
antimicrobial-resistant organisms, which make infections more difficult to treat, and
increase the severity of illness and health care costs[78][79][80][81].

Antimicrobial-resistant organisms are
bacteria and other organisms that
have developed a resistance to
certain antimicrobial agents. Drug-
resistant organisms were first noted
in the 1940s with penicillin resistance
of Staphylococcus aureus[82]. The
widespread use of antibiotics for
human health, veterinary purposes
and as animal growth promoters, as
well as the natural evolution of
bacteria, has resulted in the
apparition of drug-resistant
organisms[83]. Bacteria constantly
adapt to their environment and have
the ability to take on the
characteristics of other bacteria.
When antibiotics are used incorrectly
— for instance, for too short a time or
in too small dosage — the weak and
susceptible bacteria are killed, while
the more resistant ones survive and

multiply[81]. Moreover, organisms that develop resistance to one antibiotic have the
ability to develop resistance to other antibiotics. This is called cross-resistance[84].

Examples of drug-resistant organisms include[81][85]:
• MRSA: methicillin/oxacillin-resistant Staphylococcus aureus
• VRE: vancomycin-resistant Enterococci
• ESBL (extended-spectrum beta lactamases) producing bacteria
• PRSP: penicillin-resistant Streptococcus pneumoniae
• GISA: glycopeptide-intermediate Staphylococcus aureus
• VISA: vancomycin-intermediate Staphylococcus aureus
• MDR-TB: multidrug-resistant tuberculosis
• XDR-TB: extensively drug-resistant tuberculosis
• multi-resistant Escherichia coli and salmonellae
• carbapenem-resistant Acinetobacter
• ciprofloxacin-resistant Neisseria gonorrhoeae.

There is evidence that resistant organisms can move from human to human or from
animals to humans by direct contact or inhalation, hence posing a health risk to health
care workers, especially in hospitals, and to workers in contact with animals in
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The overuse or misuse of
antibiotics has led to
drug-resistant
organisms, endangering
the effectiveness of
antibiotics.

(29) Antimicrobials include antibiotics (i.e. naturally occuring chemicals), synthetic antibacterial agents, as
well as compounds that affect other microorganisms, like parasites{88}.



veterinary services, the livestock industry and in the food-manufacturing industry.
These resistant organisms may then colonise the workers exposed or transfer their
resistance genes to bacteria that are endogenous to humans[86][87][88][89].

Especially intensive farming is a major source of overuse of antimicrobials as livestock
is routinely fed with antibiotics to promote growth and to compensate for crowded,
insanitary conditions conducive to infection[88][90]. In North America and Europe, an
estimated 50% in tonnage of all antimicrobial production is used in food-producing
animals and poultry[79]. In the United States, it has been estimated that the non-
therapeutic use of antimicrobials in livestock production comprises 60-80% of the
total antimicrobial production[90]. To overcome this problem, an EU-wide ban on the
use of antibiotics for non-medical purposes, e.g. as growth promoters in animal feed,
came into effect in January 2006. This is part of the Commission’s strategy to combat
the threat to human, animal and plant health posed by antimicrobial-resistant
organisms due to the overuse or misuse of antibiotics[91][92].

The continuous appearance of new antimicrobial-resistant organisms is inevitable,
although controllable[85][93]. Vancomycin-resistant Staphylococcus aureus (VRSA) is
not yet found in nature, but it is believed it will emerge or evolve from VISA[85]. In
2003, proliferation of new multi-drug resistant strains of the gram-negative E. coli was
observed in the UK. These bacteria produce a new class of extended-spectrum beta
lactamases (ESBL) called CTX-M. ESBL-producing bacteria have been known since the
1980s and are able to resist penicillins and cephalosporins, which are the most
important classes of antibiotics and account for two thirds of all antibiotic use.
Additionally, CTX-M producing bacteria have developed resistance to another
important class of antibiotics, the fluoroquinolones. The common pathogen E. coli has
hence evolved over a short period of time from one of the weaker into one of the
more resistant members of the Enterobacteriaceae family. These shifts are occurring
worldwide[81].

The inhalation of virginiamycin-resistant gram-positive bacteria found in the air of
swine facilities could contribute to the appearance of quinupristin-dalfopristin-
resistant gram-positive infections in humans, leaving few or no treatment options for
the affected individual. Indeed, bacteria expressing resistance to virginiamycin are
cross-resistant to quinupristin-dalfopristin, which is an injectable streptogramin A and
B combination often used as a last resort for multidrug-resistant gram-positive
infections characterised by MRSA and glycopeptide-resistant E. faecium and
coagulase-negative staphylococci. Also, the presence of airborne clindamycin-
resistant coagulase-negative staphylococci and viridans group streptococci raises the
question as to whether these organisms could serve as reservoirs of clindamycin-
resistant genes and of erythromycin-resistant genes[94], passing on clindamycin
resistance to more pathogenic species as described above[93].

The emergence of drug-resistant tuberculosis poses a serious threat to public
health. One third of the people in the world are infected with ‘dormant’ tuberculosis
(TB) bacteria. The infected person may become ill with TB if the bacteria become
active. This may happen if the person’s immune system is weakened, for example as
a result of HIV, advancing age or some medical conditions. Four standard or first-line
drugs can be used to treat TB. However, a new multidrug-resistant TB (MDR-TB) has
appeared. MDR-TB is resistant to the first-line drugs but can be treated with so-called
second-line drugs. Nevertheless, second-line drugs have more side-effects, take
longer to cure the illness and are more expensive. Furthermore, a new form of TB
called extensively drug-resistant tuberculosis (XDR-TB) has emerged. XDR-TB is
resistant even to the second-line drugs. In early 2006, a joint study by WHO and the
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A new form of
tuberculosis resistant to
second-line drugs
threatens public health
also in Europe.

An EU-wide ban on the
use of antibiotics for
non-medical purposes in
farming came into effect
in January 2006.



US Center for Disease Control and Prevention documented for the first time cases of
TB that were extensively resistant to current drug treatments. XDR-TB was identified
in all regions of the world, although it is still thought to be relatively uncommon. In
September 2006, reports from KwaZulu-Natal province in South Africa of high
mortality rates with XDR-TB in HIV-positive people increased the concerns about the
emergence of XDR-TB. There is an urgent need to address XDR-TB, especially in areas
of high HIV prevalence[95]. XDR-TB also represents a public health threat for Europe.
Recent data has shown the presence of resistance to second-line drugs in most
surveyed European countries. The strengthening of surveillance of resistance to
first- and second-line drugs has become a priority in the context of TB control at
regional level. Current initiatives for monitoring MDR-TB trends and burdens in
Europe should be explored as potential opportunities for beginning or expanding
the monitor ing of second-l ine drug resistance[96] . Among the WHO
recommendations on drug-resistant TB surveillance methods and laboratory
capacity measures, one measure is aimed specifically at tackling infection control
and protecting health care workers, especially in areas of high HIV infection[96].

Although many studies are available on antimicrobial resistance, the comparison of
data is difficult due to unharmonised experimental conditions. In order to overcome
this problem, the European Antimicrobial Resistance Surveillance System(30) (EARSS)
started in 1999 to collect standardised data, focusing especially on gram-positive
pathogens. It is a common view that resistance surveillance should focus mainly on
MRSA and other gram-positive organisms. However, infections with gram-negative
bacteria are quite frequent in Europe. In Estonia, for instance, high resistance and
therapy failures are frequently associated with gram-negative bacteria. Since 2005, in
addition to the information on gram-negative E. coli, EARSS has extended its data
collection to gram-negative Pseudomonas aeruginosa and Klebsiella pneumoniae.
Moreover, some findings show that different habits of antibiotic usage in European
countries — such as the number of antibiotic prescriptions and the preference of
different antibiotic groups observed between the Northern, Central and Eastern
European countries — probably influence the spectrum and susceptibility pattern of
invasive pathogens. Hence there is a need for international conventional surveillance
systems to be modified according to local situations, and for the inclusion of
additional diagnostic methods[97].

R o u t e s o f e x p o s u r e a n d w o r k e r s a t r i s k

A key to understanding antibiotic resistance is acknowledging its inevitability. Four
general mechanisms of resistance have been identified in bacteria: its ability 1) to
reduce the intracellular concentration of the antibiotic; 2) to inactivate the antibiotic;
3) to modify the target site for the antibiotic; and 4) to eliminate the target site[85].

Drug-resistant organisms spread the same way other bacteria and organisms spread.
They can spread from human to human or from animal to human[86]. Workers are at
higher risk of infection if they[85]:
• have an existing severe illness;
• have an underlying disease or suffer certain health disorders such as chronic renal

disease, insulin-dependant vascular disease, dermatitis or skin lesions, chronic
respiratory system disease, etc.;

• have previously been exposed to antimicrobial agents;
• have undergone an invasive procedure such as dialysis and catheterisation;
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• have previously been colonised by an antimicrobial-resistant organism;

• are elderly or on immune-suppressing medication.

Workers most at risk are the ones in contact with infected people — such as health
care workers and especially hospital workers — but also laboratory workers and
workers in contact with infected animals in the livestock and food industry (animal
handlers, farmers, workers in broiler houses, workers in poultry production,
slaughterers, butchers, etc.)[98][99][100].

In the health care sector, skin contact with devices or surfaces contaminated with
body fluids from an infected person, or skin contact with an infected person, are the
most common routes of exposure[85]. MRSA, for instance, is not airborne but usually
spreads through physical contact[101].

Hospital workers are more likely to be exposed to drug-resistant organisms
because of the number of patients with whom they come into contact in a single
shift[82]. Hospitals are in any case a critical component of the antimicrobial
resistance problem. Indeed, the combination of highly susceptible patients,
intensive and prolonged antimicrobial use, and cross-infection may lead to
nosocomial(31) infections with highly resistant pathogens in patients, who then
become a reservoir of contamination for staff. Failure to implement simple
infection control practices before and after contact with patients, such as washing
hands and changing gloves, is a common cause of cross-contamination between
staff and patients[79][85].

Furthermore, the drug-resistant bacteria can be transmitted from animals to
humans. In the livestock and food industry, a high density of animals, poor hygiene
in the working environment and animal confinement areas, failure to control the
risk of infection and to control the use of antibiotics, as well as stress reactions
among the animals, are common causes of the promotion of drug-resistant
pathogens, which can be passed to humans[100]. Resistant bacteria may colonise
the human gastro-intestinal tract and transfer resistance genes to human
endogenous flora[86]. Epidemiological studies have traced resistant human
infections directly to specific livestock and poultry operations[90]. For instance,
evidence of transfer of drug-resistant E. coli from pork and poultry was found in
turkey farmers, broiler farmers, laying-hen farmers, turkey slaughterers, broiler
slaughterers and pork slaughterers. Workers handling animal faeces are especially
at risk[98][102]. Unlike many purely hospital pathogens, E. coli has a huge reservoir
in the human intestinal tract where resistant strains can be carried for a long time,
making the analysis complicated. With regard to the new apparition of CTX-M
producing E. coli first noted in the UK (see above), more research is needed to
identify all potential reservoirs and contamination routes, not only in the food
industry but also in hospitals[81].

Airborne exposure is another pathway for the transfer of drug-resistant bacteria
from animals to humans. Until now, little research has been conducted regarding
airborne antibiotic-resistant bacteria within animal industrial facilities, but workers
were found to be exposed to antibiotic-resistant pathogens via dust and
bioaerosols in animal confinement facilities[99]; for example, in concentrated
swine feeding facilities[93].
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Health care workers and
those in contact with
animals can be exposed
to drug-resistant
organisms.

(31) Nosocomial infection: infection acquired in an hospital that was not present or incubating prior to the
patient being admitted to the hospital, but occurred within 72 hours after admittance to the hospital.
Taken from: http://www.medterms.com/script/main/art.asp?articlekey=4590



Furthermore, there is evidence that activities such as waste collection, waste
treatment and sewage treatment expose workers to bacteria and other pathogens
(see ‘4.2.5 Biological risks in the management of solid waste’), and hence potentially to
drug-resistant bacteria. Indeed, antimicrobials and antimicrobial-resistant pathogens
are present in sewage from Confinement Animal Feeding Operations (CAFOs)[103],
and in sewage and waste from pharmaceutical plants, hospitals, and also household
waste, which contains microbes resistant to triclosan, quaternary ammonium
compounds, alcohol and bleach found in toothpastes, kitchen plastics, cement and
paints[104].

Infected or colonised workers may in turn become reservoirs of drug-resistant bacteria
that can spread to the broader community[93][99].

H e a l t h o u t c o m e s g e n e r a t e d

Resistant organisms may colonise the workers exposed or transfer their resistance
genes to bacteria that are endogenous to humans[86][87][88][89]. In principle,
colonisation rarely becomes an infection unless the bacteria are spread to a different
and susceptible part of the body[85]. In that case, consequences include infections
that would not have otherwise occurred, increased severity of infections and
increased frequency of treatment failures, and even death in some cases. While it is
difficult to quantify the total impact of antibiotic-resistant bacteria on health, it is clear
that morbidity and mortality are increased by delays in administering effective
treatment for resistant infections[105][106].

VRE is a major cause of post-surgical infections[104]. In the case of MRSA entering the
human body, the same symptoms appear as with any other type of Staphylococcus
aureus bacteria. The skin appears red and inflamed around wound sites. The
subsequent health outcomes vary from minor infections, such as boils or pimples, to
serious infections such as urinary tract infections including kidney failure, pneumonia,
blood infections, toxic shock syndrome, and even death. Symptoms in serious cases
may include fever, lethargy and headache[101].

E. coli bacteria normally colonise the intestinal tract without harm, but they are also a
common cause of urinary tract infections such as cystitis, and of blood poisoning.
Although many of the infections caused by CTX-M-producing E. coli are reported as
common urinary tract infections, most of the affected patients have further complex
health problems. In some cases, the infection has even led to death. In general, the
infection was observed in elderly patients with underlying disease, a history of recent
hospitalisation or antibiotic therapy[81].

The bacteria detected within the air of swine facilities are associated with diverse
human infections[93]:
• Enterococcus, particularly E. faecalis and E. faecium, has emerged as one of the

leading causes of nosocomial bacteremias, urinary tract infections, and wound
infections in the United States;

• Coagulase-negative staphylococci are the third most common causes of
nosocomial infections and the most common causes of nosocomial bacteremias.

Co-exposures to other aerosols and gases such as organic dusts, moulds and
ammonia, for instance, in the swine environment, have been shown to induce
symptoms associated with chronic bronchitis, including a persistent cough
characterised by expectoration, which may increase the potential for spread of
antibiotic-resistant organisms into the community[93][107].
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Most alarming of all are diseases where resistance is developing for virtually all
currently available drugs. This raises the spectre of a post-antibiotic era. However, even
if the pharmaceutical industry were to step up efforts to develop new replacement
drugs immediately, current trends suggest that some diseases will have no effective
therapies within the next few years[79].

P r e v e n t i o n

In the last 25 years, it has been possible to develop only one new class of
antibiotics[90]. At present, the average cost of developing a new drug is around
€500 million, and industrial incentives seem insufficient to overcome this barrier fast
enough to secure continued access to effective drugs[108]. In view of the growing
problem of antimicrobial resistance, urgent steps have to be taken to preserve the
effectiveness of existing medicines for treating illness in both humans and animals.
For instance, vaccination is an indirect but very powerful and cost-effective way to
control infection that also reduces the need for antibiotics in the first place.
Genomics offers a new and promising route to vaccine development. Exploitation
of genomics is also likely to speed the arrival of new generations of cheaper drugs.
For instance, the ‘X-TB’ project, a European project initiated under the fifth European
Framework Programme (FP5) for Research and Technological Development (1999-
2002), combines proteomics with structural and functional genomics approaches in
order to develop new drug targets and new therapeutic compounds to treat
tuberculosis[108].

In hospitals, antimicrobial-resistant nosocomial infections are expensive to control
and extremely difficult to eradicate[79]. The basic measure against spreading
antibiotic-resistant organisms and other pathogens responsible for epidemics such as
SARS[109] among health care staff, is still thorough hand washing. Guidelines for the
correct way to wash hands are available, for instance, from the US Centers for Disease
Control and Prevention (CDC)[109]. However, broader measures, also at the collective
and organisational levels, are necessary to ensure effective prevention of the spread of
drug-resistant pathogens, and epidemics in general[85][110][111][112][113][114][115]
[116][117][118][119][120][121]. These include:
• improvement of work organisation (shift schedule, etc.)
• patient isolation
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• restrictions on patient moves
• dedicating equipment such as stethoscopes, bedside commodes or thermometers,

to one patient or one group of patients
• regular hospital cleaning
• aseptic techniques for patient-care equipment and the working environment
• use of safety-engineered devices (for example, retraction or shields for sharp

instruments)
• appropriate handling and disposal of sharps (for example, needles) and clinical

waste (waste generated during patient care)
• use of personal protective equipment, such as gloves, mask, goggles, gowns, plastic

aprons
• changing gloves and washing hands, especially after contact with body fluids, and

even between procedures on the same patient to prevent cross-contamination to
different body sites

• training workers on correct hand washing, use of safety devices and safe disposal,
etc.

Further recommendations to limit
antibiotic resistance and preserve the
effectiveness of existing medicines
overlap with the public health sphere and
advocate the strict control of antibiotic
use and elimination of misuse and
overuse. In hospitals, control programmes
and committees in charge of overseeing
antibiotic use should be established, and
guidelines for correct antibiotic
treatments developed. Also, hospitals
should control and monitor
pharmaceutical companies’ promotional
activities within the hospital environment
and ensure that such activities have
educational benefit[83][105][114][116].

The EU-wide ban on the use of antibiotics
for non-medical purposes, e.g. as growth
promoters in animal feed, mentioned
earlier has an obvious impact on the food
industry[91][92]. There has been

considerable international concern that banning the use of growth promoters would
have a wide range of negative effects, not only regarding the efficiency of meat
production, but also with regard to animal health and food safety. However, the
Danish experience — Denmark had already opted for a complete ban of antimicrobial
growth promoters in 1998-1999 — shows that the use of antimicrobials for the sole
purpose of growth promotion can be discontinued without engendering any serious
negative effects[122][123]. However, it should be noted that since the ban, the use of
antibiotics for veterinary purposes, i.e. to control diseases, has increased by 50% in
Denmark, partly to control infections that might otherwise have been suppressed by
growth promoters[124].

Beside the use of antibiotics as growth promoters, their use for veterinary purposes
should also be strictly controlled by:
• using agents with limited spectra of activity and
• developing guidelines for the proper use of antibiotics in animals[89][90].
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Handing sharps in hospitals— Instituto Nacional de
Seguridad e Higiene en el Trabajo, Spain.



Methods should also be developed to monitor routinely the respiratory and
immune system status of workers, especially in confinement livestock operations,
and to check whether they are colonised by antibiotic-resistant pathogens[99].
Additionally, better animal housing and better animal hygiene should be sought to
avoid animal diseases and reduce the amount of antibiotics used in
farming[89][124]. Proposed solutions range from the introduction of automated air
quality monitoring systems in confinement livestock operations to a shift away from
intensive farming, in which animals are kept in close proximity in often insanitary
and stressful conditions[90].

The fifth European Framework Programme (FP5) for Research and Technological
Development (1999-2002) devoted more than 50 million EUR to projects tackling the
problem of antimicrobial resistance. The‘ARPAC’(32) project, for instance, is gathering data
on antibiotic consumption and pathogens’ resistance with the aim of developing
harmonised strategies for prevention and control of antibiotic resistance in European
hospitals. Indeed, antibiotic consumption must be monitored and linked to both
resistance data and clinical outcomes. In this regard, ‘DEAR’(33) addresses the dynamics of
the evolution of antimicrobial-drug resistance, for instance the effects of different
antibiotic dosage regimes. Additionally, modern DNA technology is essential to
accelerate the development of new, quick and inexpensive diagnostic tests. Such tests
will enable physicians to identify pathogens and their resistance properties, which is a key
element for the prudent prescription of appropriate antibiotics. In this regard, one of the
aims of the‘PseudomonasVirulence’(34) project is to develop a new, DNA chip technology-
based diagnostic test for pseudomonas aeruginosa — a common and particularly
dangerous cause of nosocomial infections. The results of this project may be applicable
to many other human pathogens. ‘Dissarm’(35) is another project aimed to develop rapid
and highly sensitive diagnostic tests for multi-drug resistant strains of tuberculosis.

In conclusion, it is inevitable that antimicrobial-resistant organisms will continually
evolve[85][93]. The challenge is to identify them rapidly as they emerge, assess their
potential impact on health, understand their multiple genera in different environments
as sources of human exposure, measure their prevalence in hospitals and
communities, and devise policies and procedures to minimise their spread[81][93]. For
this to be successful, cooperation between various agents is required, including the
OSH, public health, animal health, farming and food industries, environmental services,
and even the social and health economy because antimicrobial resistance addresses
wide-ranging socio-economic and political issues, such as physicians’ prescribing
behaviour, medical reimbursement and public expectations[108].

4 . 2 . 3 . O c c u p a t i o n a l e x p o s u r e t o e n d o t o x i n s

Endotoxins are toxins built of polysaccharide and phospholipid substances that are
integral parts of the outer cell wall of bacteria. In general, the term ‘endotoxin’ is used
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(32) http://cordis.europa.eu/data/PROJ_FP5/ACTIONeqDndSESSIONeq112482005919ndDOCeq758ndTBL
eqEN_PROJ.htm

(33) http://cordis.europa.eu/data/PROJ_LIFE/ACTIONeqDndSESSIONeq703200595ndDOCeq66ndTBLeqE
N_PROJ.htm

(34) http://cordis.europa.eu/data/PROJ_LIFE/ACTIONeqDndSESSIONeq703200595ndDOCeq250ndTBLeq
EN_PROJ.htm

(35) http://cordis.europa.eu/data/PROJ_LIFE/ACTIONeqDndSESSIONeq703200595ndDOCeq69ndTBLeqE
N_PROJ.htm



to refer to lipopolysaccharide (LPS) of the outer membrane of gram-negative bacteria
— LPS is composed of a lipid A, a core polysaccharide and an O-antigen (O
polysaccharide side chain). When the bacterial cell grows or is destroyed, its
endotoxins are released. Endotoxins are responsible for many of the virulent effects of
gram-negative bacteria[125].

In the environment, endotoxins are mostly found in organic dust — containing
particles of plant, animal or of microbial origin — which is widespread in
occupational settings. As bacterial flora differs between work environments,
different patterns of exposure to endotoxins can be found even in similar
workplaces.

W o r k e r g r o u p s m o s t a t r i s k a n d w o r k p l a c e s c o n c e r n e d

Endotoxins can be found at high concentrations in all occupational environments
where organic dust is present. What was initially considered to be a problem only for
a few industries and activities, such as cotton farming, or handling of mouldy hay by
farmers, turned out to also affect people working in swine confinement facilities,
chicken housing, handling garbage and sewage water, and even at indoor workplaces
suffering mould growth[126].

Of all the workers exposed to bioaerosols, farmers are likely to be at highest risk.
Farming covers a large variety of tasks, techniques and products. Bacteria can
originate from manure, skin scales, straw, hay and grain etc.[127]. The type,
duration, and level of exposure to endotoxins varies greatly between grain
production and greenhouse farming, and between dairy farming and poultry
production. These working environments differ considerably in terms of
concentrations of endotoxins in ambient air, ranging from an average of 3
endotoxin units per cubic meter (EU/m3) in greenhouses to 610 EU/m3 in swine
confinement houses[128].

Recent research suggests that other groups of workers — such as office workers[164],
and animal technicians, as well as scientists working with rodents — are also at
increased risk of exposure to endotoxins[165].
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present.

Delivery of unseparated domestic waste in a sorting plant. Photo by Sirpa Laitinen, © FIOH



T o x i c i t y m e c h a n i s m s , r o u t e s o f e x p o s u r e a n d h e a l t h e f f e c t s

In vivo, gram-negative bacteria are most likely release minute amounts of endotoxins
when growing. Furthermore, it is known that small amounts of endotoxin may be
released in soluble form, especially by young cultures. However, for the most part,
endotoxins remain associated with the cell wall until disintegration of the bacteria, i.e.
autolysis of the bacteria, external lysis mediated by complement and lysozyme, or
phagocytic digestion of bacterial cells[125].

The biological activity of endotoxins is associated with the lipopolysaccharide (LPS),
which is the best-studied pyrogen[166]. Toxicity is associated with the lipid
component (lipid A), and the immunogenicity with the polysaccharide components.
Both act as determinants of the virulence of gram-negative bacteria[167][168]. The
immune stimulatory capacity of endotoxins can only be inactivated at high
temperatures (for example, 160 °C for four hours). Therefore, endotoxins are active for
much longer than the lifetime of the bacteria themselves[128].

LPS elicits a variety of inflammatory responses in animals and humans. Indeed, it plays
an important role as a surface structure in the interaction of the pathogen with its host.
For example, LPS may be involved in adherence (colonisation), or resistance to
phagocytosis, or antigenic shifts that determine the course and outcome of an
infection[125][169]. Exposure of experimental animals to living or dead gram-negative
bacteria, or purified LPS, via intraperitoneal or intravenous route causes a wide spectrum
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Sector Workplaces Workers most at risk References

Agriculture and forestry Agricultural farms Farmers and their families [129][130][131][132]
Agricultural workers [133][134]

Crop growing Crop farmers [132][135]
Hop growers

Animal houses Animal farmers [136][137][138]
Swine husbandry
Workers in poultry houses

Woodworking shops Joinery workers [139]

Textile industry Textile mills Jute mill workers [140][141][142][143]
Cotton textile workers [144][145][146][147]
Cotton spinning mill workers [148]
Textile plant workers
Nylon plant workers

Sewage, waste and recycling Sewage treatment Sewage treatment plant [148][149][150]

Solid waste Household waste collectors [151][152][153][154]
Workers in recycling,
handling and sorting

Paper industry Paper mill Paper mill workers [155][156][157][158]
Factories producing Paper production unit
soft tissue paper workers

Workers in pulp and paper
mills
Workers in paper and paper
board mills

Metal industry Metalworking [159][160][161][162]

Food production Seafood industry Workers in seafood industry [163]
and processing plants



of nonspecific pathophysiological reactions — such as fever, changes in white blood cell
count, disseminated intravascular coagulation, hypotension and shock — and results in
death in most mammals, even for intraperitoneal or intravenous injections of low doses
of endotoxins. The sequence of events follows a regular pattern: (1) latent period; (2)
physiological distress (diarrhoea, prostration, and shock); (3) death. How soon death
occurs varies, depending on the dose of the endotoxin, the route of administration, and
the animal species. Animals vary in their susceptibility to endotoxins[125].

Research in recent years has revealed major clinical effects caused by exposure to
organic dust and identified some causative agents such as bacterial endotoxins, moulds,
and various allergens[126]. In humans, endotoxins have been implicated as the
aetiological agent of a variety of pathologies. These range from fever and a variety of
health effects with a major public health impact — such as infectious diseases, acute
toxic effects, allergies, organic dust toxic syndrome (ODTS), chronic bronchitis, and
asthma-like syndromes[128] — to lethal effects such as septic shock, organ failure and
death[170]. Response to endotoxin exposure in humans varies as a function of dose,
route of exposure, and rapidity of release into the blood circulation. Exposure to sub-
lethal doses of endotoxins causes dramatic changes in human body temperature, in the
haematological, immune, and endocrine systems, and in metabolism[171]. Short-term
exposure to endotoxins in the air at levels above 45 EU/m3 may be linked with decreases
in lung function over the course of a single day. Longer-term exposure to endotoxin
levels as low as 10-28 EU/m3 may be linked with chronic diseases in lung function[172].

Regarding inflammations of the respiratory tract, the response is mediated by a
number of bioactive molecules mainly secreted by activated phagocitic cells, for the
most part macrophages, and include among others proinflammatory cytokines IL-1,
IL-6, IL-8, and TNF-a which give rise to general and non-specific symptoms such as
fever, headache, malaise, respiratory symptoms (tightness of chest, dry cough), and
lung function decrements[173].

However, a complex, dose-dependent, non-linear relationship between environmental
exposure to endotoxins and the outcome of immune responses has been revealed in
several experiments. Although seemingly paradoxical, endotoxins’dual nature ultimately
may serve to improve our understanding of how such bioactive agents can interact with
and guide our immune systems in both health and disease[128][174][175][176]. Indeed,
it has been found that exposure to endotoxins — as well as fungal spores and other
pathogen-associated molecular patterns (PAMPs) — may induce, but conversely may
also protect from, asthma, atopy, respiratory allergies and sensitisation to
allergens[128][177][178][179]. For instance, the role of LPS in the regulation of Th2 (36)
responses and in immunoglobulin E (IgE) production is apparently conflicting, as both
protection and exacerbation have been reported[168]. The existence of different asthma
phenotypes may account for the opposite response patterns regarding asthma[128].

Additionally, in farm environments for instance, microbial exposure including
endotoxins may have protective effects that probably develop during childhood and
can still be observed at an adult age. It even seems that exposure at an adult age may
stimulate the innate immune system and have a protective effect against developing
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(36) Th cell: ’lymphocytes [...] that bear antigen receptors on their cell surface to allow recognition of foreign
pathogens.’

Th2 cell: ’Th cell of type 2, that are essentially anti-inflammatory but that promote allergic responses.
[...] Many researchers regard allergies as Th2 weighted imbalance.’Taken from: Berger, A., ’Th1 and Th2:
What are they?’. BMJ, Vol. 321, No 7258, 12 August 2000, p. 424,
http://bmj.bmjjournals.com/cgi/content/full/321/7258/424



allergies. However, it is hypothesised that
reversal of atopy might occur as a result of high
exposure to endotoxins and other PAMPs[178].

Dust endotoxin also appears to serve as a
marker for other innate immune-stimulatory
microbial components PAMPs, such as bacterial
DNA, which may augment and steer endotoxin-
initiated immune responses in an immune-
regulatory direction. These findings support the
premise that the differences in health outcomes
from endotoxin exposure are due to important
moderating variables, such as age of exposure,
timing of exposure relative to disease
development, dose and frequency of exposure,
co-exposures, and genetic predispositions in response to endotoxin[179].

Last but not least, there is increasing evidence that the interactions between genes
and the environment may play a critical role in the pathogenesis of complex diseases
exhibiting a heritable component, such as asthma. Indeed, recent experiments
support the existence of an ‘environmental switch’ capable of eliciting different and
even opposite immune phenotypes. These gene-environment interactions might
affect the emergence of disease differentially depending on the interplay between
environmental exposure and genetic background of individuals. A functional
implication of the ‘endotoxin switch’ is that endotoxin exposure may result in different
responses in humans depending on the environmental context[167][168].

Respiratory symptoms[132], such as ODTS[131][134][180] or allergic and non-allergic
asthma, atopy[181] and eye symptoms[133][164][182], appear to be common among
farm workers. Fever, chills and respiratory symptoms, such as chest tightness, cough
and shortness of breath, were observed in sugar beet processing plants[183]. An
increased exposure to bacterial endotoxin in airborne dust related to byssinotic
symptoms was found among jute mill workers[141]. Similar findings were reported for
workers in the cotton, flax, and mushroom industries[140][143][184][185][186]. An
increased prevalence of mucosal and skin symptoms[151][187], work-related ODTS,
chronic bronchitis, and respiratory symptoms have been observed among waste
handlers[152][188][189][190].

M e a s u r e m e n t m e t h o d s a n d r i s k a s s e s s m e n t

Endotoxins are usually measured in samples of airborne and settled dust. Soluble
endotoxins are determined by the Limulus amebocyte lysate (LAL) method, which has
been widely used for about 25 years. Bacterial species and strains seem to be an
important factor for the solubility of endotoxin. However, it is suggested that non-
soluble endotoxins should also be quantified in the assessment of health risks of
endotoxins to humans[127]. This, together with the problems of variations in
sensitivity and specificity of LAL to endotoxin, and of the limited supply of limulus
(horseshoe crabs) has opened a new era in endotoxin testing[166].

Owing to different measurement protocols, large inter-laboratory variations in the results
of analyses of endotoxins can be found. Therefore, several research articles support the
need for standardisation of methods for endotoxins measurements, even through the
introduction of a new European standard, to allow for acceptable inter-laboratory
precision and accuracy[128][152][191][192]. Risk assessment is seriously hampered by
the lack of valid quantitative exposure assessment methods[192][193][194].
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Occupational exposure limits (OELs) for bacterial endotoxins have been proposed and
discussed[195][196], but there are no common regulatory standards. The Dutch
Expert Committee on Occupational Standards recommends a health-based
occupational exposure limit for airborne endotoxin of 50 EU/m3 (approximately 4.5
ng/m3) based on personal inhalable dust exposure, measured as eight-hour time
weighted average[197]. The Swiss indicative limit value is set at 1000 EU/m3[198].

In Germany, national legislation (Biological Agents Ordinance — BioStoffV and
Technical Rules on Biological Agents, TRBA) and the recommendations of workers’
compensation boards define standardised methods for the assessment of airborne
mould, bacteria, and endotoxins. Policies and practices are available for the
measurement of airborne bioaerosols and for the interpretation of measurements
relative to the standards. For example, in the agriculture sector, these standardised
measurement procedures have proven suitable for use in livestock buildings and
confirmed the often high concentrations of airborne biological hazards in the
agricultural sector reported in the literature[199].

In Poland, the Institute of Rural Medicine in Lublin has drafted proposals for threshold
limit values of occupational exposure to bioaerosols associated with plant and animal
dusts, including bacterial endotoxins, gram-negative bacteria, mesophilic bacteria,
thermophilic actinomycetes and fungi. These proposals could be considered to be a
starting point for developing appropriate facultative standards that would facilitate
the practical implementation of Directive 2000/54/EC on the protection of workers
from risks related to exposure to biological agents at work (37). In the meantime, it is
essential to be strict in following the binding concentration limits of plant and animal
dusts in the air[194].

P o s s i b l e p r e v e n t i o n m e a s u r e s

Endotoxins are heat stable and are not destabilised when boiled for 30 minutes.
However, certain powerful oxidising agents such as superoxide, peroxide and
hypochlorite degrade them[125].

The toxic portion of LPS (the lipid A portion) is relatively similar across a wide variety
of pathogenic strains of bacteria, making this molecule an attractive target for the
development of an LPS antagonist. Research focused on the design of various lipids A
analogues has led to the development of E5564, which has proven to be an advanced,
unique and highly potent in vivo antagonist of endotoxins and may hence be of
benefit in a variety of endotoxin-mediated diseases[200].

The following measures are recommended to minimise exposure to organic
dusts[201]:
• operate within a controlled environment (cab, control room, etc.)
• ventilate confined or dusty areas using fans, exhaust blowers, filters, etc.
• move work outside when possible
• wear respirators, masks, or other protective equipment, especially in the agricultural

sector
• use automatic feed-handling systems
• wet the top of silo before uncapping ensiled material
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(37) ‘Directive 2000/54/EC of the European Parliament and of the Council of 18 September 2000 on the
protection of workers from risks related to exposure to biological agents at work (seventh
individual directive within the meaning of Article 16(1) of Directive 89/391/EEC) ‘, Official Journal
L 262, 17 October 2000, pp. 21-45,
http://europa.eu.int/eur-lex/lex/LexUriServ/LexUriServ.do?uri=CELEX:32000L0054:EN:HTML



• use wetting techniques when cleaning out grain bins or other dusty areas

• install covers over grain bins inside buildings to reduce dust production.

The efficiency of different types of respirators has been assessed to protect workers
from exposure to bacterial aerosols, which includes endotoxins[202][203]. The latest
testing indicates that paper masks are not suited for protection against bioaerosols,
but that multi-layer filters in mouth-nose protectors (MNP) and filter face pieces
(FFP)[72] are effective. A NIOSH-approved N95 respirator (38) called ‘Tbc-mask’ showed
the highest efficiency, corresponding to category FFP2 (39) [72]. However, personal
protective equipment should be used as the last possible prevention measure only
when eliminating or reducing the level of risk to an acceptable level is not possible.

4 . 2 . 4 . M o u l d s i n i n d o o r w o r k p l a c e s

Indoor exposure to moulds and subsequent health issues have only been given close
attention relatively recently[204][205]. To date, more than 100,000 species of mould
have been identified, but it is estimated that there may be more than 1.5 million
species worldwide. Mould organisms grow by degrading nutrients from organic
substrates such as wood and wood products, fabrics, foodstuffs, plants and plant
debris, and soil[206]. Airborne moulds are ubiquitous in the indoor environment, the
most common ones being Cladosporium, Alternaria, Penicillium, Aspergillus, Mucor,
Aureobasidium and Phoma species[205][207][208][209][210]. Several methods for the
measurement of mould fungus concentration in workplace atmospheres have been
described[211]. The application of polymerase chain reaction (PCR) and probe
hybridisation techniques in detection of airborne fungal spores in environmental
samples is still in statu nascendi[212][213][214][215].

How to determine the actual extent to which exposure to moulds poses a health risk is
still subject to debate[206][216][217][218][219]. Attempts have been made to identify the
fungi responsible for specific symptoms, whether inflammatory or mycotoxic, attributed
to mould exposure. However, the diversity of biological agents potentially present in the
indoor occupational environment, and their various health effects on individuals, make it
difficult to establish safe or unsafe levels of airborne mould concentrations. In addition,
the interpretation of fungi concentration data remains difficult, first because mould
concentration varies seasonally, geographically and according to the diurnal cycle, and
secondly because the sampling and measurement methods are not standardised.
Indeed, air-sampling methods currently used to estimate bioaerosol concentrations have
not been demonstrated to accurately predict mould growth in a building[220]. Last but
not least, there is a lack of epidemiological and clinical data that establish exposure-
disease and dose-response relationships. Therefore, health-based exposure limits cannot
yet be proposed[205][221][222][223].

Despite the lack of occupational exposure limits (OELs), various organisations have
developed recommendations for addressing indoor fungal concentrations. However,
there is little consistency among these recommendations.
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(38) An N95 respirator is one of nine types of disposable particulate respirators. It filters at least 95 %
of airborne particles, but it is not resistant to oil. Taken from:
http://www.cdc.gov/niosh/npptl/topics/respirators/disp_part/default.html

(39) The classification of available filtering half masks is carried out according to European Norms (EN 149)
(Filtering Face Piece = FFP available in three classes P1, P2 and P3 providing differing protection factors
(levels) (efficiency: low, med, high).

Health-based exposure
limits to airborne mould
could not yet be
established.

Airborne moulds are
ubiquitous in the indoor
environment.



While guidelines of the American
Occupational Safety and Health
Administration and Swiss indicative
OELs[198] suggest that levels greater
than 1,000 CFU/m3 (Colony-Formit Unit
per Cubic Meter) constitute a probable
contamination source, the European
Commission establishes that levels
above 500 CFU/m3 are an intermediate,
and levels above 2,000 CFU/m3 a high
source of contamination in indoor non-
industrial workplaces. Investigation and
remediation are considered to be
required when indoor airborne fungal
concentrations exceed 500 CFU/m3

and when occupants complain of non-
specific health symptoms (for example,
headaches, fatigue and coughs). However, levels in excess of these guidelines do not
necessarily imply that the conditions are unsafe or hazardous. It was even observed that
a large proportion of ‘non-complaint’ buildings — i.e. in which occupants do not have
health concerns associated with the quality of the indoor air — show indoor ambient air
fungal concentrations above 500 CFU/m3, and often levels even higher than the ones
detected in buildings with complaints of non-specific health symptoms. Therefore, in
addition to determining the number of airborne CFU/m3, the identification of
predominant taxa, or at least fungi, is recommended to evaluate properly the hazard to
workers. Moreover, as fungi concentrations vary between geographic location, and even
within the same geographic location depending on the season, comparison of levels in
non-complaint and complaint buildings collected at the same time is required for a
scientifically sound evaluation of indoor fungal concentrations in complaint
structures[205][221][224][225].

M o u l d g r o w t h a n d w o r k e r s a t r i s k

As moulds have no chlorophyll, they are obligate or facultative saprobes or parasites (40),
meaning that they depend on an external source of organic material for growth. They
reproduce typically by spores, which are small propagating structures that can produce a
new individual, via sexual or asexual mechanism. Spores differ in number of cells, size
(from 2 to 100 ìm), shape and colour. Most spores are adapted for airborne dispersal and
can be introduced into the indoor environment through natural ventilation (open
windows and doors) or mechanical ventilation, and can also be dispersed by insects,
water, animals and humans[205][224][226][227][228][229]. Spores present in the building
structure and materials remain in a dormant state unless the materials become humid.
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Moulds mixed culture— Berufsgenossenschaftliches Institut
für Arbeitsschutz, Germany

(40) Saprobe: Fungus that cannot produce its own food (called heterotroph) but derives its food from non-
living organic carbon sources. Parasite: Heterotroph that derives its food from the living cells of another
living organism.

Facultative Parasite: Heterotroph that is primarily a saprobe, but when opportunity presents itself, can
be a parasite.

Facultative Saprobe: Heterotroph that is primarily a parasite, but when opportunity presents itself, can
become a saprobe.

Taken from: University of Hawai at Manoa,
http://www.botany.hawaii.edu/faculty/wong/BOT135/Lect03_a.htm



However, even in the dormant state, they can be liberated into the indoor air and behave
as organic dust, i.e. can become sediment on surfaces, be inhaled by occupants and
deposit on the mucosal surface of the upper airways, or deposit on the eyes[207][230].

Many construction materials contain enough organic material to cultivate mould
when wet[223]. Different types of moulds grow on different types of building
materials, depending both on the nutrients and the amount of water present[230].
Moulds can grow in building structures (porous building materials), finishing materials
and furnishings of the building (gypsum wallboard, carpets, flooring, etc.) and
components of HVAC (heating, ventilation and air conditioning) systems[227][228].
Stachybotrys, for example, is frequently found on wet paper used in gypsum
wallboard and other materials with high cellulose content[223].

Fungal indoor concentrations are influenced by several factors including:

• temperature

• high indoor humidity (more than 60%)

• condensation on windows and cold surfaces

• inadequate ventilation

• improper maintenance and equipment operations

• presence of some specific reservoirs of contamination, including plants and pets,
and

• water intrusion into building structures; for instance, because of compromised
building envelope (broken vapour barrier, air or moisture infiltration), inadequate
insulation or sealants, leaky foundation and poor drainage, roof and plumbing leaks,
water damage due to fire suppression efforts, etc.

Many mould-contaminated buildings suffer from chronic leaking through exterior
wall and roof systems, sometimes as a result of poor consideration at the design stage
of the possibility of rainwater penetrating the exterior surface once the building is
finished[205][208][210][223][230][231][232].

The accumulation of dust, together with high humidity in components of HVAC
systems, is a main source of microorganisms. Portions of ventilation systems near
cooling coils and drains pans are prone to be exposed to high moisture levels for
extended periods, and fibrous duct insulation materials are known to be sources of
microbial contamination. Therefore, HVAC systems should be properly maintained,
filters frequently replaced and ducts effectively cleaned[227][228]. The whole building
in general should be kept clean and well maintained[205][208][210][231][232].

Workers may be at risk of exposure to moulds in any indoor workplace; for example,
in offices, schools, hospitals, homes, and any commercial or residential
buildings[219][233].

Higher risk of mould exposure is also found in solid waste or wastewater treatment, in
cotton mills and in the agricultural sector in any activity involving exposure to mouldy
hay, straw, or grain dust, for example, in grain storage areas, when unloading or
uncapping silos, in cattle husbandry, etc. Agricultural workers most often suffer from
mould-related diseases in winter and early spring, because the moulds have had time
to develop in closed storage areas[209][217][218][222][228][234][235]. Hazardous
materials removal workers, and in some cases construction workers, are also exposed
to mould when performing mould remediation activities. This is a new and growing
part of their work[236].
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H e a l t h o u t c o m e s

Humans are at risk of indoor mould exposure when fungal spores, fragments or
metabolites are released into the air and inhaled or physically contacted through
dermal exposure[223].

A number of health problems related to exposure to indoor moulds have been
documented. Both high-level, short-term exposures and lower-level, long-term
exposures can result in ill-health[206]. The most common symptoms induced by
exposure to indoor mould or mould spores are[207][209][222][223][224][226][229]
[230][231][237][238]:
• sick building syndrome (SBS)
• asthma, or exacerbation of asthma in mould-sensitive asthmatics
• allergic diseases
• increased rates of upper respiratory disease
• infection — people with suppressed immune systems are especially susceptible to

fungal infections
• nose, throat or eye irritation
• runny nose, cough, congestion, headache and flu-like symptoms and
• skin irritation.

Allergies are probably the most common response to mould exposure. Atopic workers
may develop allergy symptoms following skin exposure or inhalation of mould or mould
products to which they have become sensitised. The fundamental understanding and
close dialogue between workers, their management, health and safety officers,
architects, engineers and building health specialists is essential in order to identify,
evaluate, monitor and remedy building-related allergic reactions[207][239][240].

As part of their normal metabolism, moulds can produce a variety of volatile organic
compounds (VOCs), which contribute to the musty, mouldy or earthy odours. Fungal
VOCs may have irritant effects and provoke responses such as tingling and burning
sensation of the skin, conjunctivitis, rhinitis and asthma. Airway inflammation and
irritation of the mucous membrane can also be caused by airborne glucans from
fungal cell wall, or by mechanical effect of spores and mycelia debris[222][237][240].

Additionally, some moulds produce antibiotics and mycotoxins as by-products of their
metabolism. Mycotoxins are typically cytotoxic, disrupting cell membranes and
interfering with protein and RNA/DNA synthesis. However, specific human toxicity
due to inhaled mycotoxins is not understood well and the likelihood that sufficient
mycotoxins are airborne despite visible indoor mould remains unproven and
controversial[222][226][241].

Finally, the level at which indoor airborne mould concentration becomes a threat to
health is still unclear. First, the diversity of biological agents to which workers are often
simultaneously exposed makes it difficult to determine which agent has which health
effect and at which exposure level, all the more so because of the lack of known
biological markers of exposure to fungi. In addition, the interpretation of mould
concentration data remains complex, as mould concentrations vary seasonally,
geographically and according to diurnal cycle, and as there are no standardised
sampling and measurement methods. Additionally, not all persons exposed to mould
will necessarily exhibit adverse health effects. Indeed, the susceptibility to exposure
varies with the individual’s genetic predisposition, age, state of health, and with
concurrent exposures. However, there is general agreement that active mould growth
in indoor environments is insanitary and that indoor mould must be
removed[205][221][222][223][226].
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P r e v e n t i o n

Policies and guidelines are available and recommendations have been formulated to
minimise mould exposure and eliminate indoor moulds[223][226]. Multi-disciplinary
input from the persons involved in building construction, services and controls,
design, use and maintenance of buildings is required. The following measures should
be considered to minimise the potential for mould growth[207][208][223][240]:
• minimising the exposure of interior building products to exterior conditions
• maintaining the integrity of the building impermeable envelope components

through ongoing monitoring and inspections
• checking all material deliveries to validate that components are dry and clean, and

rejecting wet or mouldy materials
• protecting stored materials from moisture
• preventing spillage of water within the building
• minimising moisture accumulation within the building
• achieving balanced control of thermal comfort and relative humidity in the building
• monitoring and maintaining installations, including heating, ventilation and air-

conditioning (HVAC) systems, to ensure they remain clean and dry
• using filtration systems to prevent the ingress of mould spore from outdoor sources.

Building health and any indoor
pollutant problems should be
addressed before the
construction phase of any
structure starts. An early, clear
planning and understanding of
the building’s use should guide
the careful selection of building
systems and techniques, and
furnishings and operating
equipment. Although it is not
possible to eliminate mould
spores and nutrients completely

from the construction process, it is possible to control moisture, which is one of the
factors promoting mould growth. In this respect, construction managers should give
careful consideration to the timing and scheduling of the project in order to avoid
construction during damp or rainy seasons. If there is a risk of exposing materials to
moisture during construction, appropriate ‘mould-resistant’ materials should be
chosen to reduce the risk of mould growth. It should be ensured that concrete walls,
beams and floors, wooden structural components, gypsum mouldings, and other
materials are allowed to dry completely without being covered. Designers should
provide proper system design and material selection to prevent water intrusion or
condensation, but also to minimise microbial habitats and to avoid sources of
particulates and other pollutants such as VOCs. Building operators must establish
detailed guidelines on maintenance and inspection for the prevention and early
detection of mould[207][223][228].

Proper design principles can reduce the risk of the HVAC system contributing to
mould growth in a building. Good practices are available for ductwork design, cooling
for dehumidification, and proper installation of humidification systems to reduce
moisture in ductwork and the likelihood of mould growth[223].

With regard to mould assessment in existing buildings, the thorough inspection of the
premises and HVAC systems is a fundamental element. Checklists are available for the
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visual determination of mould. Even if the building inspection reveals no obvious
mould growth, there may still be hidden growth within the walls, ductwork, or any
other hidden locations. Therefore, where risk factors for possible mould growth are
present — for example, history of water damage or building envelope failure, surface
staining or mouldy odours — an intrusive inspection is necessary to determine the full
extent of contamination. Intrusive inspections may involve peeling back areas of
baseboard or vinyl wallpaper, removing sections of carpet or ceiling tiles, cutting holes
into wall or ceiling cavities, or inspecting the HVAC systems, components and
ductwork. Surface and air samples should be obtained for laboratory analysis[223].

In the case of fungal contamination of a building, the primary response must be
prompt remediation of contaminated material and infrastructure repair. Certain
precautions should apply to the handling, disposal, recycling, and transportation of
mouldy materials. Training workers in this respect helps to minimise both the risk of
exposure and cross-contamination during demolition and the handling of mouldy
materials[223]. Remediation workers should wear gloves, eye protection, appropriate
respiratory protection (at least a NIOSH-approved N95 disposable mask (41)) and even
full-face respirator, as well as clothing with head and foot covering for larger
contaminated areas[223].

Once the remediation of the mould has been completed, follow-up testing of the area
is necessary to ensure the job was properly done and that the conditions for mould
growth have been eliminated. This will help to prevent mould recurrence. Indeed, in
some cases, the building was found to be still contaminated after remediation, or there
was a recurrence of mould growth[242]. However, final clearance sampling practices for
mould abatement projects have not been evaluated[204], and the use of air samples to
evaluate the efficacy of a mould remediation may result in misleading conclusions and
a false sense of security to building occupants[220]. Furthermore, the method of
comparing indoor to outdoor mould levels — where a ratio of indoor to outdoor
mould spore concentrations inferior to one would indicate the absence of mould
growth and hence remediation efficacy — is controversial as the species of mould
present indoors differ from the ones outdoors and hence has different effects on health
at different levels[220]. There is a need for criteria and measurement methods enabling
to determine whether remediation has been successful[204][220][242].

In conclusion, mould can potentially affect anyone in an indoor environment and is an
important health issue. More research and systematic field investigation are still
needed to provide harmonised measurement methods to assess better the risk of
exposure, and to develop a better understanding of the health implications of indoor
mould exposure[205][221][222][223][226].

4 . 2 . 5 . B i o l o g i c a l r i s k s i n t h e m a n a g e m e n t o f s o l i d
w a s t e ( 4 2 )

In the 1990s, several governments adopted new waste management policies with the
primary aim of increasing the quantity of waste recycled. Under the EU Landfill
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(41) An N95 respirator is one of nine types of disposable particulate respirators. It filters at least 95 %
of airborne particles, but it is not resistant to oil. Taken from:
http://www.cdc.gov/niosh/npptl/topics/respirators/disp_part/default.html

(42) Activities related to sewage treatment and soil decontamination are not dealt with in this review.



Directive[243], the next 20 years should see a dramatic decrease in the amount of
biodegradable municipal waste sent to landfill[244]. As a consequence, the recycling
industry is a relatively new but expanding business: the number of workers involved
in waste treatment has been increasing and will rise steadily[244][245].

Because of the lack of statistics available on this sector, it is difficult to describe it in
terms of numbers of workers and companies, and specific indicators for occupational
accidents and diseases. In France, it is estimated — probably under-estimated — that
around 100,000 workers are employed in a sector related to waste management, with
about half of these involved in the collection and treatment of domestic waste[246].
In the UK, it is estimated that around 160,000 workers are employed in the waste
industry, but many more are employed in other activities associated with specific
recyclables and ancillary activities such as transportation. Recent research estimates
that around 45,000 new jobs could be created by 2010[244][247].

As the regulation related to waste was developed primarily for environmental
purposes, it does not consider OSH aspects fully[246]. Indeed, in some cases, new
waste handling and treating technologies have even increased risks for workers in
waste collection, sorting, treatment and disposal activities[248].

The health symptoms observed in workers involved in the management of solid waste
are pulmonary, gastrointestinal and skin problems, which have been found to be
related to exposure to bioaerosols[152][188][189][244][245][249][250][251][252][253]
[254][255][256][257][258][259][260]. Management of solid waste includes a multitude
of activities, from collection, reception, sorting, recycling of materials, to biological
treatment of organic material (for example, composting), thermal treatment (including
incineration with energy recovery) and landfill. The handling of medical waste presents
extra challenges such as the risk of contamination with sharps[50][248][261][262].

At present, there are very few Occupational Exposure Limits (OELs) for airborne
microorganisms or their associated toxins (see ‘4.2.6 Difficult risk assessment of
biological agents in the workplace’).
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Recyclable waste sorting—Allgemeine Unfallversicherungsanstalt, Austria



E x p o s u r e t o b i o l o g i c a l a g e n t s

Several studies support the thesis that exposure to bioaerosols engenders a multitude
of health problems among workers in the collection, processing, recycling and
disposal of waste[152][188][189][244][245][249][250][251][252][253][254][255][256]
[257][258][259][260], especially municipal waste with large amounts of organic
material[251][256] and composting-related activities[249].

Workers’ exposure to bioaerosols results from the generation of organic
dusts[249][263]. For instance, in atmospheres of sorting cabins of recycling plants and
of composting plants a nearly constant statistical correlation between the
concentration of certain particle fractions of the inhalable dust and the number of
airborne moulds in the air has been observed[264]. Biological agents may become
airborne as a result of any mechanical manipulation such as transportation or sorting.
Landfill workers, for instance, are potentially exposed to high levels of dusts containing
microorganisms which can be spread during the dumping or moving of waste[244].

The arising aerosols may include a diversity of airborne microorganisms (bacteria,
viruses, mould), the toxic products thereof (endotoxins, mycotoxins, volatile organic
compounds (VOCs)) and organic dust[189][245][250][253][254][265][266][267] and
generally have a very complex composition, which depends on the type of waste
considered as well as the type of waste treatment activity (Table 2).

The composition of microorganisms may vary over time. Indeed, biological agents may
influence each other’s growth. Moreover, because of their ability to reproduce, small
amounts of microorganisms may grow considerably in a very short time under
favourable conditions[268]. The composting of organic waste matter, for example, uses
the decomposing action of microorganisms to reduce the quantities of biodegradable
solid waste sent to landfill and to produce humus or methane. A large number of
microorganisms are produced during composting and the number of thermophilic
actinomycetes increases considerably during the composting process[269].

Apart from the exposure to the microorganisms themselves, workers may be exposed
to their constituents, such as endotoxins released from bacteria[152][153][154][245]
[254], or to their products, such as microbiological VOCs produced by fungi. Several

Expert forecast on Emerging Biological Risks related to Occupational Safety and Health

E
UROPEAN

A
GEN

CY
FOR

S
AFETY

AN
D
H
EALTH

ATW
ORK

66

The composition
of microorganisms
and their airborne
concentration vary
over time.

Workers are exposed to
biological agents
contained in bioaerosls
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Table 2. Airborne microorganisms in waste treatment activities[265]

Microorganism Sorting Combustion Composting Landfill

Bacteria total + + ++ +

Streptococcus +

Enterobacteria +

Actinomyces + + ++ +

Thermoactinomyces + + ++ +

Moulds total ++ + ++ ++

Aspergillus flavus +/- + + +/-

Aspergillus fumigatus + + ++ ++

Aspergillus niger + + ++ +

Aspergillus nidulans + ++ +

Cladosporium spp. +/- + ++ +

Penicillium spp. + + ++ +

+/-, detectable; +, 103–104 CFU/m3; ++ >105 CFU/m3 (CFU, Colony Forming Unit).



papers indeed report VOC emission in waste collection[258][270], compost
plants[268][271][275][272][273][274][276], landfills and resource recovery plants[257].
These VOCs are both inherent to the waste itself and produced by the microorganisms
present in the waste and degrading the organic material. Up to 110 organic
compounds from windrow compost have been identified[270][271]. Typical VOCs
found in composting plants are carboxylic acids (for example, acetic acid[245]) and
their esters, some alcohols, ketones, aldehydes and terpenes[270][274],
trichloroethane, toluene, tetrachloroethene and p-xylene[275], d-limonene[245][275],
dimethyl sulphide and siloxane[245], as well as further hydrocarbons[245][270].
Among 13 aromatic VOCs found during the composting of the organic fraction of
municipal solid wastes, the highest levels were found for toluene, ethylbenzene, 1,4-
dichlorobenzene, p-isopropyl and naphthalene[272], they but were still always lower
than the OELs[268][270][275][274]. During the first two weeks of storage of
biodegradable domestic waste up to 5.0 mg/m3 methanol, 4.2 mg/m3 ammonia and
2.8 mg/m3 hydrogen sulphide were measured[245]. Most VOCs are given off early
during the composting process and their production rates decrease over time at
thermophilic temperatures[275][272].

Medical or clinical waste is derived from the medical treatment of humans or animals
or biological research. Although biological agents themselves are not generally
handled in a clinical setting, contaminated waste from patients with infectious
diseases is likely to contain biological agents[50][277].

W o r k e r s a t r i s k

In the literature reviewed, workers at the following workstations, involved in the
following activities or operating the following devices, are identified as being at
increased risk of exposure to biological agents in waste treatment activities:
• handling and recycling of solid waste: transfer station, waste unloading, tipping halls

or bunkers, front-end loader in tipping hall, conveyor, manual sack opening, manual
sorting, visual check, scales, compactors, technical maintenance and servicing of
machinery, cleaning[152][188][249][251][255][256][257][258][259][269][278][279]
[280][281][282], and more specifically
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– in sorting paper activities: paper or cardboard maculation and balers[257][280]
[281][283];

– handling of medical waste[50][248][261]: collection, handling and treatment;
• compost plants[249][258][268][271][274][278][279][280][281][284]: loading garbage,

mill outlet, control room, siring, pile creation and agitation, shedding, airing and
feeding, hand loading of composting, digging waste, turning compost and shaking
conveyor in outdoor compost plants, pre- and post-composting loading containers
from conveyor and dismantling compost pile in indoor compost plants;

• landfills[257][258]: bulldozer, lorries and cranes, cabins and dumping site;
• incineration processes[282]: all workplaces.

H e a l t h o u t c o m e s

Human response to exposure to biological agents depends on the specific substance
involved, the level of exposure and the individual susceptibility of the exposed
worker[254] (see also ‘Dose-effect relationship’ in ‘4.2.6 Difficult risk assessment of
biological agents in the workplace’). The major occupational health problems
encountered in workers involved in waste-treatment plants and composting plants
are pulmonary diseases, organic dust toxic syndrome (ODTS), gastrointestinal
problems and skin problems, and irr itation of the eyes and mucous
membranes[153][187][188][189][190][245][250][251][252][259][260][274][281][283][2
84][285][286][287]. Heavy infections (for example, pneumonias and aspergillosis) are
rarely reported and seem to remain individual cases. Those most at risk of developing
health complications if exposed to large concentrations of spores include people who
already suffer from asthma, immunosuppressed people, or people taking high doses
of corticosteroids[250][251][284][285][288][289]. However, because of the increased
number of immunosuppressed and therefore susceptible individuals, the presence of
airborne Aspergillus fumigatus in the workplace is a concern[288].

Increased risk of gastrointestinal symptoms was found in waste collectors[252],
workers handling waste in general and compost workers[281]. A dose-effect
relationship was found between nausea and endotoxin exposure, and between
diarrhoea and exposure to both endotoxins and viable fungi[254].

Inhalation of biohazards in large quantity can cause transient symptoms, with cough,
chest-tightness, dyspnoea, flu-like symptoms such as chills, fever, muscle and joint
pains, fatigue and headache. These symptoms are generally termed ODTS and may be
caused by toxins of microorganisms[253]. The acute clinical symptoms of ODTS,
caused mainly by endotoxins of gram-negative bacteria, occur between six and 12
hours after exposure and last about four hours. In contrast to allergies, which can
induce similar clinical symptoms, ODTS is not characterised by the appearance of
specific antibodies. ODTS was observed in compost workers with high exposure to
bacteria and moulds[285][290]. Over the past few years, it has been observed in
different studies that exposure to organic dust (bioaerosols) also leads to obstructive
lung diseases, without any allergies being diagnosed[291][292]. Endotoxins[286],
mycotoxins[293] or (1–3)-ß-D-glucans[294] are regarded as elicitors.

An increased incidence of upper airway inflammation and respiratory symptoms has
been found in waste collectors. Exposure to organic dust probably underlies the
inflammation mediated by neutrophils that results in respiratory symptoms[278]. But
exposure to a mixture of VOCs with a total of 25 mg/m3 hydrocarbons can cause
irritations in the upper respiratory tract and inflammatory responses in the upper
airways[273]. Respiratory diseases are of special occupational interest[288].
Monitoring the lung function has been found to be a useful diagnostic tool to
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determine long-lasting bioaerosol exposure[295][296]. Indeed, a five-year prospective
study found that the lung function of compost workers declined significantly during
the observation period as 15% of the workers suffered a reduction of their breathing
capacity of more than 10% in five years[297].

Allergic reactions are an increasing problem in industrialised countries. In recycling
plants for paper, glass, synthetic and wrapping materials, as well as in composting
plants, moulds are risk factors for allergies[248]. There are two types of allergy forms:
type I allergy and type III allergy. While type III allergy is especially observed in the
waste industry, IgE-mediated type I allergies, for example, asthma bronchiale, were
found to be rarer in the population of compost workers than in controls[249][285] —
although this may be a consequence of the so-called healthy worker effect. Type III
allergy, for example, the extrinsic allergic alveolitis — also called hypersensitivity
pneumonitis, mediated by Immunoglobulin G — is caused by long-lasting contact
with antigens of fungi and actinomycetes, for example, from Aspergillus fumigatus or
Saccharopolyspora rectivirgula[263]. Individual susceptibility also plays an important
role in the development of a type III allergy[298].

Inflammation, disturbances of mucous membranes of the eyes and of the respiratory
system can be attributed to infectious, allergic or toxic effects. Thereby physical
damage of the mucous membranes of the respiratory system by inhalable dust (non-
specific particle effect) as well as chemical activation, for example, T-cell activation and
invasion of lymphocytes, may lead to toxic pneumonitis or other acute irritation
symptoms (mucous membrane irritation (MMI)[189][285][297]). Whether a non-
specific particle effect or a specific toxin is the cause could so far not be clarified. A
synergism of both is discussed[297].

Last but not least, handling hospital waste and sharps may lead to infections with
viruses such as hepatitis and HIV[248].

P o s s i b l e p r e v e n t i o n m e a s u r e s

Prevention should be adapted to the specificities of each waste branch and activities
characterised by[246]:
• ‘multi-task’ workers often involved in several different activities, hence a multi-

exposure
• small enterprises often employing low-skill and poorly trained workers
• poor knowledge/complexity of the waste entering into the treatment process
• waste-related technologies and processes in permanent evolution
• waste-treatment activities often installed in long-standing facilities in which it may

be difficult to implement collective protection measures.

Although indicative OELs have been established in some Member States for some
airborne microorganisms or their associated toxins, there are few obligatory OELs and
their establishment is difficult (see ‘4.2.6 Difficult risk assessment of biological agents
in the workplace’). However, technical regulations already exist[299][300][301][302].
While it is not possible to completely eliminate the risks posed by biological agents
from waste-related activities, the most efficient prevention measure is to reduce the
generation of dust, bioaerosols and VOCs in the workplace[249][297]. Several Member
States have already developed preventive measures including the replacement of
manual sorting with, for example, mechanical presorting, the installation of sorting
cabins with proper ventilation, local exhaust ventilation for sorting lines, closed
vehicles equipped with air filters and the use of adequate protective clothing,
including proper gloves. Hygiene plans, regular cleaning, and decontamination
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measures, have also contributed to a considerable reduction in the exposure of
workers[248].

A number of prevention and protection measures — some of which are being
tested[303] — are described in the literature[249][254][257][258][264] [268][272][274]
[297], the priority being given to collective prevention measures rather than to
personal protection measures:

Technical safety measures

• minimisation of the release of bioaerosols, for example:
– waste processing immediately after delivery; for instance, in bio-compost plants,

avoiding long storage times of critical materials by immediate processing
reduces emissions[264];

– enclosing machinery and equipment to reduce bioaerosol immissions;
– dust cover for unloading waste trucks.

• avoidance of manual processing;
• controlled atmosphere in workplaces with air filtration (high efficiency particulate

air (HEPA)) or air conditioning, for example, in closed cabins for manual waste
sorting, bulldozer or lorry drivers’ cabs, crane cabs; high-level maintenance of
ventilation systems[254]; ventilation should be efficient to remove the airborne
pollutants[258][257];

• in the composting process, biofiltration in addition to gas treatment units helps to
decrease VOC levels and offensive odours commonly found in municipal solid wastes
composting facilities[272]; biofiltration was found to reduce the concentration of
ammonia, dimethyl disulfide, carbon disulfide, formic acid, acetic acid, and sulphur
dioxide (or carbonyl sulphide) by 99, 90, 32, 100, 34 and 100%, respectively[304].

Organisational safety measures

• isolation (for example, with automatically closing doors, sluice) of workstations with
bioaerosol emissions from all other working areas

• restriction of entrance to areas with high bioaerosol levels to an operational
minimum number of workers[274][305];

• workers’ training, which plays a crucial role in promoting safe working
habits[258][257];

• preventive medical check-ups and vaccinations (tetanus).
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Hygienic measures[268][257]

• cleaning of workplaces must be considered an integral part of operations and it
should be carried out properly in order to minimise dust generation; workplaces
should be designed with easy-to-clean surfaces;

• separate storage of private and working clothing;
• scheduled regular cleaning and changing of working and protective clothes;
• provision of facilities to wash hands when leaving the workplace, especially before

entering staff room, and to shower after shift;
• avoidance of contact of eye, nose and mouth with unwashed hands;
• avoidance of eating, drinking or smoking at the workplace and provision of clean

and separated storage facilities for food and drinks.

Personal safety measures[258][274][306]

• respiratory protection against bioaerols and VOCs including respirators with clean
filtered air supply (in case of asthmatic workers or very high exposure);

• protective clothes, gloves and goggles.

Specifically for medical and clinical waste[50][261][262]

• policy which ensures safe collection, storage, transport and final disposal of such
waste, including the safe management of sharps;

• incinerate or autoclave infectious waste before disposal.

4 . 2 . 6 . D i f f i c u l t r i s k a s s e s s m e n t o f b i o l o g i c a l
a g e n t s i n t h e w o r k p l a c e

Biological agents are defined
in Directive 2000/54/EC on the
protection of workers from
risks related to exposure to
biological agents at work[307]
as microorganisms — i.e.
bacteria, viruses and fungi
(yeasts and moulds), including
those which have been
genetically modified — cell
cultures and human
endoparasites, which may be
able to provoke any infection,
allergy or toxicity. They are
found in many sectors and
workplaces. However, as they
are rarely visible, the risks they
pose to workers are not always
considered adequately.
Exposure to biological agents
in the workplace may result
directly from the work — this
is for instance the case of a

microorganism culture in a microbiology laboratory or of the use of microorganisms
in the food industry — or may be incidental to it, as in farming or waste treatment
activities[50][248].
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It is within the scope of Directive 2000/54/EC to determine and assess the risks posed
by biological agents in the workplace. This directive is to be applied to any activity
where workers are actually or potentially exposed to biological agents as a result of
their work. According to this Directive and Directive 93/67/EEC[308], the risk
assessment shall entail:
• a hazard identification, which consists in identifying the biological agents present

and the adverse effects that they have an inherent capacity to cause;
• a dose (concentration) — response (effect) assessment, which is the estimation of

the relationship between the level of exposure to a substance and the incidence
and severity of an effect;

• an exposure assessment, which is the determination of the concentrations, routes
of exposure, potential for absorption, and the frequency and duration of exposure,
in order to estimate the doses to which workers are or may be exposed;

• and a risk characterisation, which is the estimation of the incidence and severity of
the adverse effects likely to occur in workers due to the actual or predicted exposure
to a substance.

If workers are exposed to several groups of biological agents, then the risk must be
assessed in terms of the dangers posed by all the hazardous biological agents present.
This risk assessment must be renewed regularly and when working conditions change
in a way that affects the workers’ exposure to such biological agents[309].

Guidance and standards are available to help in the risk assessment of biological
agents[310][311][312][313][314][315]. However, the assessment of biological risks is
seriously hampered as, contrary to the majority of chemical and physical factors,
neither commonly approved criteria for assessing exposure to biological factors, nor
well-established dose-effect relationship and occupational exposure limits (OELs) are
— at the time of writing of this report — yet available[191][193][194][316][317]. When
a work activity involves the intentional use of biological agents, such as in a
microbiological laboratory, the biological agent will be known and can be monitored
more easily. However, when the occurrence of the biological agents is an
unintentional consequence of the work — for instance in waste sorting or agricultural
activities — the assessment of the risks to workers is more difficult[248].

M e a s u r e m e n t m e t h o d s a n d e x p o s u r e a s s e s s m e n t

The assessment of exposures to biohazards offers distinct challenges from those for
inorganic aerosols and chemical agents. The difficulties are mainly linked to the fact
that measurement methods do not yet enable the efficient detection and
measurement of biological agents. A number of methods for sampling and analysing
biological agents and estimating occupational exposures, as well as
recommendations on suitable measurement strategies, are described and evaluated
in scientific papers.

Airborne exposure to biological agents in the environment can be assessed by
counting culturable microorganisms in air samples or in settled dust samples. The
culture medium is formulated to test for broad-spectrum bacteria and fungi or to
select for specific groups, genera or species. These methods can be based on
microscopic, microbiological, biochemical, immunochemical or molecular biological
analysis. Various culture methods used to determine the bacteria concentration in air
samples are reviewed in the literature[318]. Culture-based techniques are important
and often-used tools for the risk assessment of biohazards[319][320], although they
provide rather qualitative analysis. Moreover, culture methods have been proven to be
of limited use in population-based studies[193][317][321].
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Non-culture methods and assessment methods appear more reliable. However,
experience with these methods is still generally limited[193]. Sampling of non-
culturable bioaerosols can be based on air fi ltration or liquid impinger
methods[322][323][324][325][326]. Fast and sensitive techniques based on light
scattering spectrometry can be used to determine microorganism presence in liquid
samples[327]. Electron microscopy or scanning electron microscopy could also be
used and allow better determination of biological agents. Simple light microscopy
may be used to count microorganisms. However, counting is based only on
morphological recognition, which may result in severe measurement errors, as dead
microorganisms are not differentiated from living ones[323][328][329][330].

Instead of counting culturable or non-culturable microorganisms themselves, their
constituents or metabolites can be measured as indicators of biological
exposure[193]. Some cellular components may be used as markers of groups of
microorganisms. VOCs produced by fungi may be suitable markers of fungal
growth[331]. The assessment of markers such as polysaccharides and ergosterol based
on gas chromatography-mass spectrometry or specific enzyme immunoassays could
also allow identification of fungal biomass[332][333]. Important methods based on
quantitative polymerase chain reaction (PCR) are emerging for the identification and
quantitative assessment of specific airborne biological agents[191][334][335]. Some
biological agents such as endotoxins, besides being measured because of their own
toxic potency, may also be markers of other biological agents. Endotoxins can be
measured using a Limulus amoebocyte lysate (LAL) test or methods employing gas
chromatography-mass spectrometry[191][336][337][338]. Some methods of
measuring ß(1?3)-glucans are based on the LAL assay and on an enzyme
immunoassay[339][340]. However, the quantitative relation between biomarkers and
airborne exposure has not been sufficiently recognised yet. Only a few biomarkers,
mainly endotoxins, have been identified and validated[326]. No direct methods to
measure biological agents or metabolites in body fluids have been described.
Therefore, results of measurements of biological agent concentrations should be
interpreted with caution[341][342].
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Antibody-based immunoassays, particularly enzyme-linked immunosorbent assays
(ELISA) are widely used for the measurement of bioallergens in settled dust in
buildings[343][344][345][346]. Methods for assessing exposure to bioallergens from
different sources have also been published[347][348][349][350][351]. As for viruses,
exposure assessment has hardly been developed for occupational environments[193].

Exposure assessment has been helped by advances in assays for microbial agents —
such as the measurement of endotoxin or glucans with a LAL assay, of allergens with
an enzyme immunoassay, or of fungal extracellular polysaccharides, which are more
established methods thanks to the improved stability of most of the measured
components, allowing longer sampling times for airborne measurements, and the
better possibility to test for reproducibility[191][352][353][354]. However, even these
methods still show significant variations in exposure assessment between laboratories
and are only poorly validated, and often not even commercially available[193].

In fact, there are a number of difficulties with the measurement methods described
above. They generally imply complicated procedures and calculations, as well as
incurring high costs per sample[317][322][326][355]. Some difficulties are also related
to taking representative samples. Indeed, biological agents may influence each other’s
growth. Moreover, because of their ability to reproduce, small amounts of
microorganisms may grow considerably in a very short time under favourable
conditions[248]. For this reason, and also because of seasonal variations in airborne
levels of microorganisms, repeated sampling is often required to allow for an accurate
determination of airborne microorganism concentrations, but it is expensive and
therefore difficult to implement widely. Furthermore, some microorganisms and
spores are extremely resilient while others may be easily degraded in the sampling
process. The issues of storage and transport of bioaerosol samples are often not
addressed, although these conditions may affect the activity of some biological
agents. Additionally, high concentrations of bioaerosols in many workplaces require
the integration of multiple samples[193][248]. In the face of such complexity,
meaningful quantitative sampling methods are frequently unavailable. Additionally,
these methods have proven unable to detect all possibly relevant biological agents
present in the workplace[317][322][326][355]. This means that the complete range of
airborne organisms may not be recognized and the true concentration of biological
substances may be miscalculated[191][321][356][357][358].

In conclusion, the measurement methods available, even the more established ones,
have not yet been fully validated and routinely applied[317][322][326][352][353][354]
[355]. There is a need to develop adequate sampling techniques and analytical
methods further to allow for better identification and for quantitative exposure
assessment of biological agents in the workplace, which are essential steps towards a
proper risk assessment.

D o s e - e f f e c t r e l a t i o n s h i p

Dose-response relationships have not been established for most biological agents.
One obvious reason for this is the lack of valid quantitative exposure assessment
methods highlighted previously[193][254].

Moreover, the precise role of biological agents in the development or aggravation of
symptoms and diseases is only poorly understood. Human response to exposure to
biological agents depends on the specific material involved and individual
susceptibility[254]. In most situations, combined exposure to complex mixtures of
toxins and allergens, as well as interactions with non-biological agents, occur in the
workplace and a wide range of potential health effects have to be considered.
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However, it is difficult to determine which of the constituents primarily accounts for
presumed health effects[193].

Furthermore, there is very little information on the ‘infection doses’ or ‘relevant
concentrations’ of the biological agents that inevitably cause diseases. Some
pathogenic microorganisms may be hazardous at extremely low levels while other
organisms may only become important health hazards at orders of magnitude of
higher concentrations. Additionally, the susceptibility to exposure varies with the
individual’s genetic predisposition, age, state of health, and with concurrent
exposures[193][309].

Indeed, several studies have revealed a complex, dose-dependent, non-linear
relationship between environmental exposure to some biological agents — such as
endotoxins, fungal spores and other pathogen-associated molecular patterns (PAMPs)
— and the outcome of immune responses. Exposure to such agents may play a critical
role in the pathogenesis of complex diseases — such as asthma, atopy, respiratory
allergies and sensitisation to allergens — and result in different responses in humans
depending on the environmental context and on the interplay between
environmental exposure and genetic background of individuals. In fact, they have
been found to induce, but conversely to also protect from, these diseases[128][174]
[175][176][177][178][179].

Important areas that require further research for the establishment of dose-response
relationships with regard to biological agents therefore include the inter-individual
susceptibility for biological exposures, the potential protective effects of microbial
exposures, as well as the interactions of bioaerosols with non-biological agents[193].

R e c o m m e n d a t i o n f o r O c c u p a t i o n a l E x p o s u r e L i m i t ( O E L ) v a l u e s

The large uncertainties in quantitative concentration assessments and the lack of
established dose-effect relationships hamper the development of legal
OELs[193][359][360]. The legislative framework sets OELs for biological agents for only
some toxins in some Member States[248], or for contaminants, such as wood dust,
subtilisins (bacterial enzymes) and flour dust. In the Netherlands, for instance, there is
a legal OEL for aflatoxins set at 0,005 m/m3[361]. Exposure limits for bacterial
endotoxins have been proposed but not yet definitively established (see ‘4.2.3
Occupational exposure to endotoxins’). A number of papers reviewing proposals for
OEL settings and formulating recommendations are available[193][195][196][254]
[359][360].

The establishment of OELs is hindered by the unreliable methods for measurement of
biological agent concentrations and, conversely, the lack of OELs renders the risk
assessment of biological agents difficult. Indeed, OELs offer guidance on how to
interpret the results of exposure assessment with a view to evaluating the severity of
the risk[317]. Some recommendations for decision-making and interpretation of
measurement results, without OELs being available, are proposed[359][360].

C o n c l u s i o n

It is within the scope of Directive 2000/54/EC to determine and assess the risks that are
posed by biological agents in the workplace. This directive should therefore be
applied to any activity where workers are actually or potentially exposed to biological
agents as a result of their work. However, knowledge of biological hazards is still
relatively scarce. In order to enable a proper exposure assessment, there remains a
clear need for research to develop better tools for the detection and measurement of
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biological agents — particularly based on non-culture techniques since culture
methods have been proven to be of limited use. A crucial area for further
development is the validation of available measurement methods and their
international harmonisation to reduce interlaboratory variability. This would enable us
to define commonly approved criteria and accepted protocols for assessing exposure
to biological hazardous substances — including concise and uniform guidelines on
sampling, storage, extraction and analytical procedures — and to better understand
the relationships between exposure and occupational health effects. This would
facilitate the establishment of OELs which, conversely, would support the proper
interpretation of measurement results in a risk assessment procedure.
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E u r o p e a n A g e n c y f o r S a f e t y a n d H e a l t h a t W o r k

EUROPEAN RISK OBSERVATORY REPORT

5.
COMPLETE RESULTS OF THE SURVEY



Half of the items (four of eight) mentioned in the survey referring to specific
biological agents are agreed as emerging risks by the experts (MV>3.25):
‘Combined exposure to bioaerosols and chemicals’, as well as occupational
exposure to ’endotoxins’ (see literature review ‘4.2.3 Occupational exposure to
endotoxins’), to ‘moulds in indoor workplaces’ (see literature review ‘4.2.4 Moulds in
indoor workplaces’) and to ‘mycotoxins’.

Two items that had been proposed by some experts in the first brainstorming
round of the survey have been eliminated in the subsequent rounds and rated as
non-emerging risks (MV<2.75): ‘Pneumococcus and infectious agents in metal
fumes’, and occupational exposure to ‘more aggressive microorganisms in
laboratories’.

It should be noted that the consensus on the ratings among the respondents is
especially low for the items ‘endotoxins’ and ‘pneumococcus and infectious agents in
metal fumes’ (SD>1.2).

In the following sections, the exact descriptions of the risks rated by the experts are
listed in tables together with the number of respondents, the mean value of the
ratings and the standard deviation. These figures are also compiled in diagrams. When
available, the comments added by the respondents to the items are listed to provide
some context and support to the ratings.
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Diagram 6. Substance-specific biological risks identified in the survey
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Risks agreed as emerging (3.25 < MV ≤ 4)

• Combined exposure to bioaerosols and chemicals

There is still a lack of knowledge on the health outcomes of combined exposure to
bioaerosols and chemicals.

• Endotoxins

High concentrations of endotoxins can be found in the agricultural sector (swine
breeding and grain harvest). One issue often ignored is that the use of bactericides
to eliminate bacteria from a contaminated area may actually result in the
emergence of other endotoxin-producing organisms in the very same area, maybe
resulting in the presence of endotoxins resistant to the bactericide used, and in
concentrations even higher than the initial level. However, endotoxins are not
always harmful to human health; on the contrary, in some cases they have proven
to have positive effects on health. Indeed, exposure to high concentrations of

MV>4: risk strongly agreed as emerging 2.75≤MV≤3.25: status undecided

3.25<MV≤4: risk agreed as emerging 2≤MV<2.75: risk agreed as non-emerging

NB: None of the risks was strongly agreed as non-emerging (MV<2).

Mean Standard
Substance-specific biological risks N Value Deviation

(MV) (SD)

Bioaerosols and chemicals, the combined effects of which have been
very little studied but lead to allergies. More knowledge will help
identify the real multi-factorial causes of symptoms for which mono-
causal explanations have been made so far. 36 3,81 1,037

Endotoxins: High concentrations in various industrial settings (e.g. in
workplaces exposed to organic materials (straw, wood, cotton dust),
waste treatment, poultry houses, swine confinment buildings) leading
to asthma, loss of lung function, etc. 36 3,81 1,215

Moulds in indoor workplaces due to new construction methods and
materials, to the aim of saving energy, and to the lack of maintenance:
Exposure to fungal spores for office workers and especially workers
involved in building restauration, leading to sensitization and allergies. 36 3,78 0,929

Mycotoxins: Increasing risk as mycotoxins have increasing possibilities
to grow in occupational settings, for example, in waste treatment jobs
due to the increase of garbage quantities. Potential health effects:
cancers, immune deprivations and congenital abnormalities. Groups
more at risk: workers in waste treatment occupations, textile and food-
processing sectors, and workers involved in wet work. 36 3,47 1,108

Aflatoxin exposure of staff in food processing plants and animal feeding
plants may lead to,e.g. cancer. 35 3,23 1.060

Impact of biofilms on healthe.g. in water and air systems. 35 2,89 1,183

Pneumococcus and various infectious agents from metal fumes, the
effects of which were previously unrecognised. 35 2,66 1,305

Exposure to potentially more aggressive microorganisms and products
in the workplace, mainly resulting from the increasing enzyme use. 34 2,56 1,186

Table 3. Prioritised list of substance-specific biological risks identified in the survey (N=number of
experts answering the specific item; mean value; standard deviation)



endotoxins may reduce the incidence of allergic reactions such as atopic asthma
and allergies through an effect on the balance of T-helper cells 1 and T-helper cells
2. However, more research is needed on occupational exposure to endotoxins and
on the dose-effect relationship.

• Moulds in indoor workplaces

Due to financial considerations, builders often do not allow building materials long
enough to dry out, which may result in mould growth in the finished building.
Indoor mould growth is not only a problem with new buildings, however, as it is also
found in older structures. According to one respondent, moulds are only moderate
allergens, and only high airborne concentrations of mould spores may cause
allergies. A further expert adds that mould-related allergies in workers seem to be an
issue for construction workers rather than for office workers. However, another
expert mentions that an increase in the number of mould-related occupational
diseases is seen in some countries’ statistics and adds that, in Finland in 2002, there
were 264 cases of occupational diseases caused by moulds, mostly allergies (155
cases). The most common field for these occupational diseases was health care and
the social sector with 71 cases, followed by public administration (49 cases),
agriculture (43 cases) and education (42 cases). The construction sector reported
only seven cases of occupational diseases caused by moulds. This divergence of
opinions may be due to geographical differences, to the different level of awareness
of mould-related health problems in the different countries, and to the differences
in national recognition systems for occupational diseases. Last but not least, it is
suggested that exposure to mouldy working environments due to water-damaged
buildings may cause health symptoms that are sometimes mis-diagnosed as flu-like
diseases.

• Mycotoxins

Occupational exposure to mycotoxins, including aflatoxins, is considered to be an
increasing risk because the number of workplaces where workers may be exposed,
such as in the waste treatment sector, is increasing. Workers in the agricultural sector
are also at increased risk; for instance, when working in grain silos. However, whether
exposure to mycotoxins has only harmful effects on human health is controversial as
there is evidence that the normal maturation of the immune system requires the
stimulation of transmembrane proteins, termed ‘toll-like receptors’ (TLRs), which are
activated by exposure to commonly occurring microbial elements, including
endotoxin, mycobacterial lipopeptides and fungal glucans. More research has to be
carried out on mycotoxins — more particularly on occupational exposure to airborne
mycotoxins — among others to allow for a better understanding of the dose-
response relationship.

Undecided (2.75 ≤ MV ≤ 3.25)

• Aflatoxins in livestock and food processing industry

Aflatoxins belong to group 1 carcinogens as defined in the International Agency for
Research on Cancer (IARC) classification. There is still a need for more research into
aflatoxins and occupational exposure, in particular with a view to supporting the risk
assessment of aflatoxin-related risks in the workplace.

• Biofilms

The growth of biofilms results mainly from the poor maintenance and poor cleanliness
of air and water systems.
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Risks agreed as non-emerging (2 ≤ MV < 2.75)

• Pneumococcus and various infectious agents in metal fumes

It seems that this item was not correctly formulated in the first survey round, as it is
unlikely that microorganisms and infectious agents survive in metal fumes. Maybe the
original proposal meant pneumococcus and various infectious agents in metal fluids
instead of metal fumes. However, regarding exposure to metal fumes, there is evidence
that inhalation of metal fumes increases workers’ susceptibility to pneumonia.

• More aggressive microorganisms

According to the experts, microorganisms are not necessarily more aggressive but
many of them are found to be opportunistic pathogens (i.e. they cause a disease in a
compromised host that typically would not occur in a healthy host), while the number
of immunocompromised individuals is growing.



Only three out of the 18 risks specific to certain workplaces and work processes
brought up in the first survey round have been rated as emerging.

The occupational risks linked to exposure to ‘biohazards in waste treatment plants’are
perceived as emerging (3.25<MV≤ 4) and belong to the 10 main emerging risks
identified in the survey (Diagram 5). (See literature review ‘4.2.5 Biological risks in the
management of solid waste’). In a complementary expert survey on emerging
chemical risks(43), occupational risks related to waste treatment activities have also
been rated as strongly emerging (MV=4.11). The two very similar mean values in both
surveys may be considered to validate the forecast.

Two further risks are agreed as emerging: one in the health care sector, as a
consequence of the poorly controlled conditions medical staff are exposed to when
working in patients’ homes, especially with a view to exposure to biological agents;
and one in the agricultural sector linked to the use of biological pest control.

While the respondents remain undecided (2.75≤ MV≤ 3.25) as to the status of 11 items
which had been proposed as potential emerging risks in the first survey round, five
items have been clearly rated as non-emerging — three of them concerning risks
posed by biological agents in laboratory and research work.
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(43) European Agency for Safety and Health at Work, ’Expert forecast on emerging chemical risks related to
occupational safety and health’. The report will be published in 2007.

W O R K P L A C E A N D W O R K - P R O C E S S S P E C I F I C 5.2.
B I O L O G I C A L R I S K S

Diagram 7.Workplace and work-process specific biological risks identified in the survey
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It should be noted that there is particularly little consensus among the experts
(SD>1.2) on the items ‘infections with hepatitis B, C or HIV in health care staff, police
officers and prison staff’, ’use of enzymes under new conditions’, ‘highly dangerous
pathogens in laboratories’, ‘biotechnologies’ and ‘research on vaccines against
pandemic flu’.

MV>4: risk strongly agreed as emerging 2.75≤MV≤3.25: status undecided

3.25<MV≤4: risk agreed as emerging 2≤MV<2.75: risk agreed as non-emerging

NB: None of the risks was strongly agreed as non-emerging (MV<2).

Mean Standard
Emerging risks due to certain workplaces and work processes N Value Deviation

(MV) (SD)

Biohazards in waste treatment plants (e.g. selective sorting,
manufacture of compost) leading to allergies, infectious diseases
(bacteria, viruses), toxinic diseases (endotoxins, mycotoxins) and
cancers (oncogens). Especially in composting facilities, where there are
a wide variety of microorganisms present at the different stages of the
composting process, the risks are not completely identified yet. 36 3,89 1,036

Increase of nursing at home — because of pressure on medical budgets
— leading to exposure of (less well trained self-employed) medical staff to
infectious microorganisms, all the more because the environmental
working conditions are not controlled as well as in hospitals. 35 3,29 1,073

Biological pest control in greenhouses leading to allergies. 35 3,26 0,919

Increased number of water treatment plants implying a larger number
of workers exposed to risks of allergies, infectious diseases (due to
bacteria, viruses), toxinic diseases (due to endotoxins, mycotoxins) and
cancers (due to oncogens). 36 3,17 1,108

Use of enzymes under new conditions in the food and detergent
sectors (wider and more concentrated applications) leading to
respiratory and dermal allergies. 35 3,14 1,332

Exposure to flavivirus in forestry occupations leading to encephalitis. 35 3,06 0,802

Increased need in renovation of old degrading sewage systems and
drainpipes in Europe, which are sources of many infectious agents
(hepatitis A, endotoxin from gram negative bacteria). 36 3,06 1,013

Increasing number of laboratories handling highly dangerous
pathogens (because of potential biothreats, epidemic strains) while not
always up-to-date from a biosafety point of view (relatively low level of
control by authorities especially in academic settings). 35 3,06 1,305

Increase in infections with hepatitis B, C, HIV in health care sector, police
and prison staff as well as in other workplaces. 35 3,06 1,349

Research work on the pathogenicity of aerosols transmitting biological
agents, such as those responsible for tubercolosis and SARS, leading to
increasing transmission to research workers. 35 2,94 1,136

Vaccines against pandemic flu: Potential for evolutionary drift to
produce a novel strain with an antigenic profile for which there is no
background immunity (e.g. reassortment between a circulating flu virus
and a H5 antigen). 34 2,94 1,205

Table 4. Prioritised list of biological risks specific to certain workplaces and work processes (N=number
of experts answering the specific item; mean value (MV); standard deviation (SD))
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Risks agreed as emerging (3.25 < MV ≤ 4)

• Poor control of biological risks in nursing at home

Home-nursing is an expanding service activity — to some extent as a result of the
ageing population requiring more medical care — performed by a growing number
of often poorly trained, self-employed nursing staff, facing increased risks of exposure
to biological agents as OSH conditions are more difficult to control in homes than in
hospital settings. One respondent indicates that medical staff working under time
pressure — which is generally the case with home-nursing staff — are at increased risk
of needle stick injuries. Another expert, however, highlights the positive aspects of
home-nursing that contribute to reducing the occurrence of nosocomial infections.

• Allergies to biological pest control

The experts comment that the risks posed by biological pest control are of a chemical,
rather than a biological, nature.

Undecided (2.75 ≤ MV ≤ 3.25)

• Biohazards in water treatment plants

In the Netherlands, waste water has been treated for approximately 20 years and
protection measures for workers have been developed. However, the increasing
number of water treatment plants means a growing part of the workforce is being
exposed to the biological agents present in the treatment process. In addition to the
increasing number of workers, exposure to biological agents in waste water treatment
plants is seen as an emerging risk because in more and more cases treatment takes place
in confined spaces — as a consequence of water treatment plant design — which
results in workers being exposed to higher concentrations of hazardous substances.

Mean Standard
Emerging risks due to certain workplaces and work processes N Value Deviation

(MV) (SD)

Manufacture and applications of viral constructs for gene therapy,
which concern more staff in the manufacturing and health care sectors,
with the following safety issues: safety of the rDNA construct, safety of
the viral vector, pathogenicity, recombination events with viral
sequences in the host, safety of packaging cell line, and regulation of
gene expression of the rDNA product. 35 2,91 1,067

Handling and processing of clinical waste. 36 2,89 1,141

Biotechnologies, involving new substances in occupational settings
(e.g. food production). 35 2,86 1,264

Exposure to different microorganisms in laboratory workplaces. 35 2,69 1,132

Increasing amount of research work on biosafety level 4 (BSL4) agents
in order to determine their pathogenicity, l ikely to lead to
contamination of laboratory workers. 35 2,60 1,117

Large-scale production of vaccines against pandemic flu: Conflict in
requirements between positive pressure from safety regulations (to
work under controlled safety conditions) and negative pressure from
public health protection (to produce the vaccines as fast as possible). 35 2,60 1,117

Laboratory acquired infections, regardless of biosafety level. 35 2,54 1,039

Exposure to clostridium tetani, potentially leading to death, in the
agriculture sector or leather and fur processing occupations. 35 2,26 0,886



Expert forecast on Emerging Biological Risks related to Occupational Safety and Health

E
UROPEAN

A
GEN

CY
FOR

S
AFETY

AN
D
H
EALTH

ATW
ORK

85

• Use of enzymes under new conditions

The use of enzymes is an issue mainly in the food sector
— for example, in meat-processing activities or in
baking activities in small- and medium-sized enterprises
(SMEs) — as well as in jobs producing or using
detergent/laundry products. One respondent points out
that, according to Directive 2000/54/EC(44), enzymes are
not seen as biological agents but as chemical
substances. Another expert commented that workers in
the industrial production of enzymes might be exposed
to the biological agents used in the process.

• Flavivirus

Flavivirus is found only in certain geographic areas. One
expert also mentions the risk of infection with Hanta
virus (mainly transmitted by rodents)(45). However,
another expert points to the fact that, according to
Directive 2000/54/EC, the hepatitis C virus, which is

ubiquitous, is also classified as a flavivirus.

• Highly dangerous pathogens in laboratories

Although the handling of highly dangerous pathogens in laboratories is better
controlled in European countries than outside, more resources need to be made
available for a better surveillance of the related risks.

• Infections with hepatitis B, C, HIV

Some prevention measures aimed at reducing the number of infections contracted at
work in the medical sector, in the police and in prisons have already been developed.
However, the number of cases of work-related tuberculosis, for instance, is still
increasing for these occupations.

• Renovation of old, degrading sewage systems and drainpipes

New techniques for the renovation of old sewage systems and drainpipes in Europe
are available, and protection measures have been developed for workers carrying out
these activities. However, biofilms that develop within the sewage systems and
drainpipes may still pose important health risks to workers involved in these activities.

• Research on aerosols transmitting biological agents, such as those responsible for
tuberculosis and SARS

Policies for the containment of biohazards, as well as good laboratory practices (GLPs)
have been developed. In addition, researchers involved in this type of work should be
trained on the risks. Furthermore, all research equipment should be adequately
maintained, and its reliability strictly controlled, in order to minimise the risk of worker

(44) ’Directive 2000/54/EC of the European Parliament and of the Council of the 18th September 2000 on the
protection of workers from risks related to exposure to biological agents at work (seventh individual
directive within the meaning of Article 16(1) of Directive 89/391/EEC) ’, Official Journal L 262, 17th October
2000, pp. 21-45,http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32000L0054:EN:HTML

(45) ’Hantaviruses (Puumala, Hantaan, Sin Nombre and others) infecting field rodents may be a cause of
hemorrhagic fever with renal syndrome (HFRS) or pulmonary syndrome (HPS) in farmers and
laboratory workers.’ Taken from: Dutkiewicz J., ’Occupational bio hazards: current issues’, Medycyna
pracy, Vol. 55, No 1, pp. 31-40, 2004

Bakery—Central Labour Inspectorate, Ministry of
Economics and Labour, Austria



contamination. Additionally, staff other than researchers working in bio-research
facilities (such as maintenance workers) are also at risk and should be included in risk
assessment and prevention activities.

• Viral constructs for gene therapy

Workers manufacturing viral constructs for gene therapy, as well as medical staff using
these, are at risk. There is a need for a thorough risk assessment and for workers’ training.

Risks agreed as non-emerging (2 ≤ MV < 2.75)

• Research on biosafety level 4 (BSL4) agents

According to some experts, policies on biohazard confinement, good laboratory
practices (GLPs), and the mandatory workers’ training are tools that are already
available and help to control the risks related to research activities on BSL4 agents. An
expert also notes that there is a regulatory permission system in place to regulate such
activities. One expert mentions that research on BSL 2 and 3 agents actually puts
workers more at risk because they are less controlled activities with a consequent
lower level of workers’ awareness for the related risks.

• Large-scale production of vaccines
against pandemic flu

Effective technical solutions exist to help
prevent the risks posed to workers by the
large-scale production of vaccines
against pandemic flu. However, it is often
a question of the financial resources
available whether these solutions are
implemented or not. What is more, in
some cases, there may be a conflict
between OSH and public health
requirements to produce the vaccines
under better-controlled, safer working
conditions on the one hand, but as fast as
possible on the other.

• Laboratory-acquired infections

There is still a need for research on
laboratory-acquired infections, as well as
for more efforts to be made to provide
risk assessments at the workplace and

appropriate workers’ training. At present, laboratory-acquired infections are best
controlled for activities involving BSL4 agents.

• Clostridium tetani

Clostridium tetani, which may lead to death, is mainly found in the agriculture sector
and in leather and fur processing jobs. A cheap and effective vaccine without any
contra-indication has already been available for many years. Making this vaccination
compulsory for workers at risk would be a good initiative. In the case of occupational
injuries causing dirty wounds (such as injury with rusty nails in renovation works),
prompt use of antiseptics and the early start of antibiotics are advocated. This is also
true for other microbes that may be present in dirty wounds. One respondent points
to the fact that, beside clostridium tetani, workers may also be exposed to anthrax in
the agriculture sector and leather and fur processing occupations.
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Strict procedures are used tomanipulate viruses in BSL 3
laboratories – European Commission



Risks engendered by poor risk management seem to play a major role, since all six
items brought up in the first brainstorming survey round have been rated as emerging
risks in the later survey rounds.

Whilst, according to Directive 2000/54/EC, employers have the duty to determine and
assess the risks posed by biological agents in any workplace where workers are actually
or potentially exposed to these, in practice the proper assessment of biological risks
still remains difficult (see literature review ‘4.2.6 Difficult risk assessment of biological
agents in the workplace’) and is strongly agreed (MV>4) to be an emerging risk in itself
by the respondents to the survey. The ‘lack of information on biological risks in some
workplaces’and the‘inappropriate methods’for the measurement of biological agents,
which make risk assessment difficult, are identified as emerging risks (3.25<MV=4). The
consistency in the respondents’ evaluation of several items linked with difficulties in
assessing biological risks may be considered to validate the forecast. It is also
interesting to note that exposure assessment of biological agents has been identified
as a priority in a review of various national, European and international resources
identifying future research needs in the field of OSH(46).

As well as deficient risk management, inadequate or lacking preventive measures,
such as the inadequate provision of OSH training to workers — especially in local
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(46) European Agency for Safety and Health at Work, ’Priorities for occupational safety and health research
in the EU-25’, Luxembourg, 2005

Diagram 8. Biological risks resulting from poor risk management and prevention practices identified in
the survey
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authorities — poor maintenance of equipment, water and air systems, or
inappropriate or missing emergency preparedness and plans, are also considered to
pose emerging risks to workers.

MV>4: risk strongly agreed as emerging 2.75≤MV≤3.25: status undecided

3.25<MV≤4: risk agreed as emerging 2≤MV<2.75: risk agreed as non-emerging

NB: None of the risks were strongly agreed as non-emerging (MV<2).

Mean Standard
Biological risks related to risk management and prevention practices N Value Deviation

(MV) (SD)

Poor or difficult assessment of biological risks. 36 4,06 1.040

Lack of information on biological risks in different workplaces (e.g. in
offices workplaces oragriculture). 36 3,97 1,055

Inadequate training, poor knowledge of OSH or even poor basic
awareness of risks of local authorities staff (e.g. sewage, excavations or
waste collection jobs, etc.). 36 3,92 0,906

Poor maintenance of air-conditioning (whose use is increasing) and of
water systems (e.g. legionella, aspergilosis in hospitals). New knowledge
about the presence of legionella will help the correct diagnose of
symptoms so far wrongly attributed to other diseases like flu. 36 3,92 0,806

Inadequate or lack of emergency preparedness and of response plan
concerning biological risks. 36 3,61 0,934

Inappropriate measuring methods or measuring/analysing equipment
for biological agents. 36 3,44 1,081

Table 5. Prioritised list of biological risks resulting from risk management and poor prevention
practices identified in the survey (N=number of experts answering the specific item; mean value (MV);
standard deviation (SD))

E x p e r t s ’ c o m m e n t s

Risk strongly agreed as emerging (MV > 4)

• Poor or difficult assessment of biological risks

It is emphasised that the proper assessment of biological risks is essential to
prevention. According to one respondent, the assessment of biological risks is usually
more properly done in laboratories and in the health care sector. However, the
identification and measurement of biological agents in general are still major
concerns that need to be addressed.

Risks agreed as emerging (3.25 < MV ≤ 4)

• Poor maintenance of air-conditioning and water systems

Workers involved in maintenance activities are especially exposed to legionella.

• Inadequate emergency response plan to biological risks

Pandemic plans are under development to ensure preparedness and response in case
of epidemic outbreak.

• Inappropriate measuring methods or equipment for biological agents

German legislation does not require biological agents to be measured, as no
occupational exposure limits (OELs) exist. As a consequence, it is often wrongly
believed that there are no standards applying to biological agents. Another issue
raised by one respondent is that the market for measuring equipment for biological
agents is not a large one, and there is, therefore, no great interest from the producers.
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Six of the nine biological risks linked to social and environmental phenomena are
agreed (3.25<MV≤4) or even strongly agreed (MV>4) to be emerging risks.

In particular, occupational risks related to global epidemics are strongly agreed as
emerging risks with a good consensus among the experts (Table 6). Examples of
diseases mentioned by the experts are severe acute respiratory syndrome (SARS), viral
hemorrhagic fever, tuberculosis, acquired immune deficiency syndrome (AIDS),
hepatitis C, hepatitis B, etc. More information on emerging or re-emerging epidemics
affecting the occupational environment in the context of the changing world of work
are available in the literature review ‘4.2.1 Occupational risks related to global
epidemics’. Occupational risks in the context of pandemics have also been identified
as one of the main OSH priorities in a review of various national, EU and international
resources aimed at identifying future EU research needs in the field of OSH, and carried
out by the Agency (47).

The risk of workers’ contamination with drug-resistant microorganisms, especially in
the health care sector and in the food-manufacturing industry, has been identified as
emerging (see literature review ‘4.2.2 Workers’ exposure to antimicrobial-resistant
pathogens in the health care sector and livestock industry’).

(47) European Agency for Safety and Health at Work, ’Priorities for occupational safety and health research
in the EU-25’ Luxembourg, 2005

B I O L O G I C A L R I S K S L I N K E D T O S O C I A L 5.4.
A N D E N V I R O N M E N T A L P H E N O M E N A

Diagram 9. Biological risks linked to social and environmental phenomena identified in the survey
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Although proposed by a participant in the first survey round, ‘insufficient
development of new antibiotics’ has been agreed as non-emerging (2= MV<2.75) in
the subsequent survey rounds.

MV>4: risk strongly agreed as emerging 2.75≤MV≤3.25: status undecided

3.25<MV≤4: risk agreed as emerging 2≤MV<2.75: risk agreed as non-emerging

NB: None of the risks were strongly agreed as non-emerging (MV<2).

Mean Standard
Biological risks linked to social and environmental phenomena N Value Deviation

(MV) (SD)

Globalisation leading to epidemics of old and new pathogens (e.g.
Severe Acute Respiratory Syndrome (SARS), avian flu, viral hemorrhagic
fever, tuberculosis, Human Immunodeficiency Virus (HIV), Hepatitis C,
Hepatitis B):

• High density of animals in confined spaces in contact with humans
leading to increasing zoonosis cases (diseases jumping the species
barrier from animals to humans).

• High population density and increase in business trips, tourism and
immigration helping zoonoses and other infectious diseases to
spread quickly worldwide.

Groups particularly at risks of contamination: staff involved in
producing, processing and transporting livestocks, airport staff and air
crews, staff involved in border controls, policing, staff in health care
sector, public transport and public services.

The risk is often underestimated, which leads to a lack of preventive
measures. 35 4,51 0,612

General increased use of antibiotics for human health care and for
animal breeding in the food industry leading to the apparition of drug
resistant pathogens (e.g., methicillin resistant staphylococcus aureus
(MRSA), tubercule bacillius (TBC)). Health effects observed: increase in
staff infected with MRSA in western hospitals; increasing antibiotics
resistance of livestock farmers and in the population in general. 35 3,97 1,014

Decreasing exposure to biological agents — especially in developped
countries, where there is a misunderstanding of hygiene — leading to
a poor development of immunoregulatory pathways and to an
increasing incidence of allergies, infectious diseases, arteriosclerosis,
autoimmune diseases, cancers, etc.. (Studies show that the decreasing
exposure to organic dusts, endotoxins from gram-negative bacteria,
mycobacterial lipopeptides and fungal glucans has led to an increased
morbidity especially in occupations where organic dust is to be found
(livestock farmings, cotton textile industry, etc.).) 34 3,65 0,849

Environmental allergens leading to a higher sensitisation of the
workforce and hence to an increase in occupational allergic diseases
(atopy). 35 3,49 0,919

Multi-resistant tuberculosis coming back from Eastern Europe. 35 3,43 1.220

Climate change (warmer temperatures) may lead to the development
and spread of new infectious diseases in different workplaces. 35 3,31 1,231

Increased risks of biothreats (e.g., anthrax or ricin) leading to risks of
infectious diseases, poisoning and stress-related disorders. 35 2,83 1.150

Table 6: Prioritised list of biological risks linked to social and environmental phenomena identified in
the survey (N=number of experts answering the specific item; mean value; standard deviation)
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E x p e r t s ’ c o m m e n t s

Risk strongly agreed as emerging (MV > 4)

• Occupational risks related to global epidemics

There is a real risk of global epidemics of endemic diseases such as malaria, dengue
fever, and of meningococcal disease and measles, etc. The following groups of workers
face increased risks of contracting such diseases in their jobs: health care staff, livestock
handlers, airport staff and workers involved in border controls. Air crew are also at risk
because they are exposed to poorly filtered air recirculated into aircraft cabins.
Additionally, drivers in public transport are at risk of coming into contact with infected
people and being contaminated. With regards to the livestock industry, close contact
between human beings and animals in confined spaces is a long-established practice
that has contributed to influenza pandemics through antigenic shifts in the past.
According to the respondents, increased global travel is another factor responsible for
the increasing risk of pandemics. In this regard, the need for better information
systems alerting travellers to these risks is emphasised. Generally, there is a need for
more detailed data on workers’groups at risk in order to help employers to implement
preventive measures, and to give policy-makers evidence of the need for more
research funding.

Risks agreed as emerging (3.25 < MV ≤ 4)

• Workers’exposure to drug-resistant bacteria in the health care sector and in the food
industry

The increased use of antibiotics for human health care and for animal breeding, as well
as the inadequate use thereof (for example, too low dosage or a treatment not
followed until completion), or the use of an antibiotic for which there is no resistance
study, lead to the emergence of drug-resistant bacteria, such as multiresistant
tuberculosis. However, despite supporting evidence for this phenomenon,
quantitative epidemiological information is still rather weak and more research needs
to be conducted in this field.

• Increase in work-related diseases due to a decreased exposure to biological agents

If increased exposure to certain biological material may lead to an increase in, for
example, infectious diseases, too little exposure to biological agents can also lead to a
weaker immune system and may result in an increased occurrence of (work-related)
allergies and asthma. However, while issues such as global epidemics and the
emergence of drug-resistant pathogens receive more public attention and research
funding, the problems resulting from lower exposure to biological material are not so
visible. Nevertheless, there is a need for more research into the mechanisms
underlying the development of diseases such as allergies and the dose-response
relationships.

Mean Standard
Biological risks linked to social and environmental phenomena N Value Deviation

(MV) (SD)

Biological risks in private life that have a direct or indirect impact on
occupational life. 34 2,79 1,343

Low interest of the pharmaceutical industry in developing new types of
antibiotics leading to risks of epidemics of infectious deseases. 35 2,46 1,314



• Workers’ higher sensitisation to allergens

It is difficult to differentiate between an allergy resulting from occupational exposure
to allergens in the workplace and an allergy resulting from exposure to environmental
(i.e. ubiquitous) allergens.

• New infectious agents at work due to climate change

The average temperature rise observed in the last century has favoured the
importation of new disease-vectors into Europe — such as mosquitoes transmitting
malaria, or phlebotomine sand-flies which are vectors of Leishmania — and posing a
risk to workers, for instance, involved in import activities. Conversely, climate change
may lead to the disappearance of other diseases — although some respondents
question whether climate change is actually occurring.

Undecided (2.75 ≤ MV ≤ 3.25)

• Impact on OSH of exposure to biological agents outside work

There is sometimes an overlap between occupational health and public health. While
some occupational biohazards may pose a threat to public health, exposure to
biological agents outside work may introduce pathogens into the workplace and turn
into occupational concerns (for example, a worker who has caught an infection away
from work may introduce it into the working environment and be a source of infection
for his or her work colleagues).
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EUROPEAN RISK OBSERVATORY REPORT

6.
CONCLUSION



‘We all swim in a single microbial sea’ declared the WHO director-general referring to
the severe acute respiratory syndrome (SARS) outbreak in 2003. This also includes the
world of work and, indeed, two of the major concerns highlighted in this forecast,
namely the occupational risks linked to global epidemics and the issue of drug-
resistant organisms in the workplace, illustrate how important it is that biological risks
be dealt with as a global issue. While workers are often at the front line of the risk of
contamination with biological agents, at the same time, they are in a position to act as
a bulwark against the spreading of epidemics. Conversely, some infection sources
could be identified and controlled at earlier stages of the epidemiological chain even
before they enter into the workplace and pose an occupational risk to workers. There
is therefore a need to consider all collective responsibilities and means of control, both
inside and outside the workplace, to tackle biological hazards appropriately. This
underlines the importance of close cooperation between occupational safety and
health actors and other authorities, such as public health, animal health,
environmental protection, and food safety. Although these fields are outside the remit
of the Agency, it is essential to stress the importance of such multi-disciplinary
cooperation and coordination. Effective use and sharing of research and information
is of the utmost importance.

This forecast also shows that knowledge of biohazards is still relatively scarce and that
biological risks are not yet adequately managed in the workplace. While biological
agents are better assessed and controlled when their use is intentional, such as in
microbiological laboratories, there is a need for improvment where their presence is
an unintentional consequence of the work, for instance in waste sorting or agricultural
activities, and especially in SMEs. In terms of research and development needs, more
reliable methods for the measurement of biological agents must be developed and
standardised — even through a new European standard — in order to have
harmonised, comparable quantitative exposure assessments. Reliable measurement
methods and results will also enable us to understand better the complex, yet not-
well-established dose-effect relationships for biological agents. Indeed, although
exposure to complex mixtures of dangerous substances is a common feature to many
workplaces, it is difficult to determine which biological agent accounts for which
health effects, and at which exposure doses, all the more as this also depends on
individual susceptibility. Exposure assessment and dose-effect relationships are key
elements towards proper risk assessment. Last but not least, the still sparse state of
knowledge on biological agents hinders the establishment of occupational exposure
limits (OELs), which would offer helpful guidance for proper exposure assessment.

The results of this forecast, together with the three complementary forecasts on
physical risks, chemical risks, and psychosocial risks, are only the first steps in a process
of debate and consolidation that forms part of the work program of the Agency. In this
context, they were discussed by representatives from major European OSH research
institutes and from UNICE, ILO, DG Research and DG Employment, in a seminar,
‘Promoting OSH research in the EU’, organised by the Agency (Bilbao, 1st-2nd December
2005). During this seminar, several of the emerging risks identified in the forecasts
were agreed for inclusion into a consensus list of top OSH research priorities. One aim
of this list is to make these priorities more visible to policy-makers and to promote
their inclusion into the seventh research framework programme (FP7). Additionnally,
in June 2007, a workshop dedicated to the issue of occupational risks arising from
biological agents in the workplace will bring together high-level representatives of
the OSH community and from further disciplines concerned with the issue of
biological risks — such as public health, animal health, food safety, environmental
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protection — as well as policy-makers and social partners in order to stimulate debate
on the risks identified in this forecast and explore concrete ways to tackle them.

Because the world of work is constantly changing, a feasibility study for a future large-
scale forecasting study is currently being undertaken, building on the experience
gained through these four Delphi surveys. The future study should enable the long-
term follow-up of the constant technical and societal evolution and provide a
continuously up-to-date forecast on emerging OSH risks.

All the results from this work of the European Risk Observatory are available in a
dedicated web feature (48), accessible from the web site of the European Agency for
Safety and Health at Work (49).
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(48) http://riskobservatory.osha.europa.eu/

(49) http://osha.europa.eu/OSHA
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A N N E X 1 : O R G A N I S A T I O N S C O N T A C T E D

F O R T H E S U R V E Y O N E M E R G I N G O S H
B I O L O G I C A L R I S K S

Response
Country Organisations in which experts were invited to participate to at least

one round

Austria AMD-Linz No

Austria AUVA — Allgemeine Unfallversicherungsanstalt Yes
Austrian Social Insurance for Occupational Risks

Austria Igeneon Yes

Austria Institut of Hygenie, Medical University Graz Yes

Belgium Arbeids-en verzekeringsgeneeskunde U.Z. No

Belgium Bayer CropScience Yes

Belgium Centre Scientifique et Technique de la Construction No

Belgium Faculteit Geneeskunde, Katholieke Universiteit Leuven No

Belgium FOD Werkgelegenheid, Arbeid en Sociaal Overleg No

Belgium GlaxoSmithKline Biologicals Yes

Belgium Heymansinstituut voor farmacologie UGent No

Belgium Janssen Pharmaceuticalaan 3 No

Belgium Scientific inst. Of Public Health No

Belgium UCL No

Belgium ULB No

Belgium ULB Hôpital Erasme No

Belgium ULB Institut de Pharmacie No

Belgium ULG No

Belgium VITO No

Bulgaria Head of Laboratory ‘Hepatitis viruses’ No

Bulgaria Head of Microbiology Department Yes

Cyprus Department of Labour Inspection, Ministry of labour Yes
and Social Insurance

Czech Republic Ministry of Health Yes

Czech Republic National Institute of Public Health No

Denmark Danish Working Environment Service No
National Working Environment Authority

Denmark Department of Environmental and Occupational Medicine Yes
University of Aarhus

Denmark National Institute of Occupational Health Yes

Denmark Working Environment Authority Yes

Estonia Health Care Board Occupational Health Department Yes

Estonia Labour Inspectorate Yes

Estonia Ministry of Social Affairs of Estonia No

Finland Ministry of Social Affairs and Health Yes

Finland National Public Health Institute Yes
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Response
Country Organisations in which experts were invited to participate to at least

one round

Finland Uusimaa Regional Institute of Occupational Health No

France INRS Yes

Germany Abbott GmbH & Co. KG Yes

Germany Berufsgenossenschaft der chemischen Industrie No

Germany Berufsgenossenschaft für Fahrzeughaltungen, Hamburg No

Germany Berufsgenossenschaft Nahrungsmittel u. Gaststätten Mannheim Yes

Germany Berufsgenossenschaftliches Institut für Arbeitsschutz Yes

Germany BioImmunPharma GmbH Yes
Immune Biotec Pharma Consulting

Germany City of Hamburg, Administration Yes

Germany Federal Institute for Occupational Safety and Health BAuA Yes

Germany Federal Ministry of Economics and Labour Yes

Germany Hannover Medical School Yes

Germany Hauptverband der gewerblichen Berufsgenossenschaften, Yes
Berufsgenossenschaftliche Zentrale für Sicherheit
und Gesundheit — BGZ

Germany Landesamt für Arbeitsschutz Potsdam Yes

Germany Landesanstalt für Arbeitsschutz, LafA, Nord-Rhein-Westfallen Yes

Germany Landesinstitut für Arbeitsschutz und Arbeitsmedizin, Brandenburg Yes

Germany Robert Koch Institut Yes

Germany Roche Diagnostics GmbH Penzberg Yes

Germany Süddeutsche Metall-Berufsgenossen-schaft Yes

Germany Tiefbau-Berufsgenossenschaft Yes

Germany University Heidelberg No

Germany Verband Deutscher Betriebs- und Wertsärtze (VDBW) Yes

Hungary National Institute of Occupational Health No

Iceland Administration of Occupational Safety and Health No

Ireland Health and Safety Authority Yes

Italy ISPESL Yes

Italy University of Padua Yes

Latvia Institute of Occupational and Environmental Health No

Latvia Ministry of Welfare Yes

Lithuania Kaunas University of Medicine, Department of Occupational
and Environmental Medicine No

Lithuania Vilnius University, Medicines faculties, Public Health Institute Yes

Malta Occupational Health And Safety Authority No

Netherlands Groningen University No

Netherlands IRAS Institute for risk Assessment Sciences Yes

Netherlands Nederlands Centrum voor Beroepsziekten Yes
(Dutch centre for oocupational diseases)

Netherlands TNO Nutrition and Food Research Yes

Netherlands University Maastrich No

Netherlands University Medical Centre Nijmegen No
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Response
Country Organisations in which experts were invited to participate to at least

one round

Netherlands VU University Medical Center Amsterdam No

Netherlands Wageningen University Yes

Norway Det Norske Veritas No

Poland Central Institute for Labour Protection — National Yes
Research Institute

Romania Bucharest Public Health Institute Yes

Romania Cluj-Napoca Public Health Institute No

Romania National Research Institue for Labour Protection Yes

Spain Dirección General de Trabajo. Consejería de Empleo Yes
y Desarrollo Tecnológico

Spain INSHT- Centro Nacional de Condiciones de Trabajo Yes

Spain Inspección de Trabajo y Seguridad Social No

Spain Servicio de Prevención de riesgos laborales del Instituto No
de Salud Carlos III

Spain Servicio de Prevención del Ministerio de Economía No

Sweden Arbetslivsinstitutet Yes

Sweden Swedish Institute for Infectious Disease No

Sweden Uppsala universitet, Institutionen för medicinska vetenskaper No

Switzerland Institut of Virology and Immunoprophylaxis No

Switzerland Institute for Health at Work (IST) in Lausanne Yes

Switzerland Institute of Virology and Immunoprophylaxis Yes

Switzerland Janal & Partner Biosafety Consulting Yes

Switzerland Novartis International AG Yes

Switzerland SUVA No

Switzerland Swiss Federal Office of Public Health Yes

UK Amicus-MSF No

UK AstraZeneca UK Ltd Yes

UK Dept of Pharmacy. Kings College London No

UK HPA/ CAMR No

UK HPA/ CDSC No

UK HSE Yes

UK HSL No

UK Imperial College London No

UK Medical Research Council — MRC Environmental Yes
Epidemiology Unit

UK Novartis Horsham Research Centre No

UK St. Thomas’s Hospital; London No

UK Union of Shop, Distributive and Allied Workers No

UK University of Manchester Yes

UK University of Stirling No

UK University of Glasgow Yes
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A N N E X 2 : Q U E S T I O N N A I R E U S E D F O R T H E

F I R S T S U R V E Y R O U N D

T h e s u r v e y

As part of an ongoing project on emerging health and safety at work risks, the
European Agency’s Topic Centre Research is formulating ‘expert forecasts’ in a number
of areas.

This survey is the first step in the production of an expert forecast in the area of
emerging OSH biological risks. It aims to create a list of potential emerging OSH
biological risks and their context (cause, impact on workers’ health, etc.). The results
will be validated in a further survey round in order to establish a degree of consensus
among the experts.

‘ E m e r g i n g r i s k s ’ — d e f i n i t i o n

For this project, an ‘emerging OSH risk’ is any occupational issue that is suspected to
be a risk and that is both new and increasing.

By new we mean that:
• the issue is new and caused by new types of biological agents, new processes, new

technologies, new types of workplaces, or social or organisational change; or,
• a long-standing issue is newly considered as a risk due to a change in social or public

perceptions (e.g. stress, bullying); or,
• new scientific knowledge allows a longstanding issue to be identified as a risk (e.g.

allergens, such as the cow hair allergen, which have existed for decades without
being identified as the cause of the allergic reactions induced).

The risk is ‘increasing’ if either the:
• number of hazards leading to the risk is growing, or the
• likelihood of exposure to the hazard leading to the risk is increasing, (exposure

degree and/or the number of people exposed), or the
• effect of the hazard on the workers’ health is getting worse.

H o w t o c o m p l e t e t h e q u e s t i o n n a i r e

!!! Please note that the aim of this questionnaire is not to produce a detailed list
of all biological agents that are (potentially) dangerous!!!

We ask you to identify up to five risks that in your opinion are emerging risks, according
to the definition above, and to give some information about why you think this is the
case. Consider not only new work situations, but also changing public perceptions
and the development of knowledge about longstanding issues. Similarly, a risk is
increasing not only when there is a higher likelihood of exposure, but also if there are
new combined effects or if a different, more vulnerable, group is exposed.
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Expert forecast on emerging OSH* biological risks
First survey: Identification of risks

* OSH: Occupational Safety and Health.



Below are possible questions that you may ask yourself in order to identify emerging
OSH biological risks. (The examples in parentheses only aim at illustrating the
questions but are not necessary emerging risks.)
• Are there new groups or types of biological agents (e.g. SARS; avian flu; biological

agents in waste treatment and processing) likely to lead to (new) occupational
diseases or work-related diseases?

• Is there an increased use of types of biological agents likely to provoke more
diseases? (e.g. use of enzyme-producing micro-organisms leading to an increase of
respiratory allergies)?

• Are there new forms of ‘old’ biological agents (e.g. genetically modified organisms e.g.
in food processing) that may represent a health hazard although the biological agents
themselves are harmless under their usual conditions of use (form and concentration)?

• Are there new methods, new technologies, new working procedures, or new types
of workplaces that could lead to new problems? (e.g. the increase of nursing at
home has led to a shift of the risk of infection from hospitals into households where
the danger is more difficult to control; tropical diseases such as the Ebola virus being
spread by tourism and other travelling (military, humanitarian) activities to foreign
countries; molds in buildings; ‘lifeguard lung’ in indoor pools)

• Are there long-standing issues that are becoming more important in the public
perception (e.g. animal allergens; other allergenic micro-organisms such as molds
for horticultural or agricultural workers) and suspected to be risks?

Use as much space as necessary for your answers. There is space at the end of the
questionnaire for comments.

Please send your completed questionnaire in to emmanuelle.brun@hvbg.de
before June 4th

Thank you very much for taking part in this survey !!!

P a r t 1 : G e n e r a l i n f o r m a t i o n :

Please fill in:

Date:

Name:

Country:

Institution:

Function: � President/ Director � Head of department � Professor/ Lecturer

� Researcher � Technician � Work inspector

� OSH practitioner � Other:

Main activity: � Research � Development

� Policy/ standards development � Testing/ certification

� (Law) enforcement/ promotion � Research planning/ management

� Work inspection � Training/ teaching

� Consulting � Other:

Do you have at least 5 years of experience in activities related to OSH biological risks?
� Yes � No
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P a r t 2 : E m e r g i n g O S H b i o l o g i c a l r i s k s

In your opinion, what are the emerging OSH biological risks of the next 10 years?

You may describe up to five OSH emerging biological risks in the fields below. Please
do not make a detailed list of organisms but focus on groups of biological agents, on
types of work processes or technologies and the biological agents involved, etc. Please
note that you may include risks due to infections as well as allergenic potential or
production of toxins. (See ‘How to complete the questionnaire’ for more details). Use
as much space as necessary for your answers.

Risk 1:

Risk 2:

Risk 3:

Risk 4:

Risk 5:

N.B.: In the following questions, Risks 1 to 5 always refer to the corresponding
risks you have identified in question 1.

What are the cause(s) for the risk(s)?

Is it due, for instance, to a new type of biological agent, a new work process, a new
type of workplace, a modification of the working environment, a lack of qualification,
an unfavourable workplace design, etc.?

Please explain:

Risk 1:

Risk 2:

Risk 3:

Risk 4:

Risk 5:

What are the health effects of the risk(s) (occupational diseases/ work related
diseases/ sickness days)?

Please describe:

Risk 1:

Risk 2:

Risk 3:

Risk 4:

Risk 5:

Where is the risk to be found?

Is it, for instance, branch specific? Or specific to a type of workplace? Or to a type of
work process? Please specify if relevant:

Risk 1:

Risk 2:
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Risk 3:

Risk 4:

Risk 5:

Why do you think that the risk(s) is/are new?

Is it, for instance, new because:
• The group of biological agents concerned is new? The work process or the

technology involved is new? The conditions of use (form, concentration, etc.) are
new?

• There is a new recognised occupational disease caused by this risk?
• The public concern/discussion about this issue is rising?
• There are more and more political debates about this issue?
• There is new scientific knowledge about it?
• There have been more requests for consultation activities from employers on this

issue lately?
• New research programs on this topic have been created? Etc.

Please explain:

Risk 1:

Risk 2:

Risk 3:

Risk 4:

Risk 5:

Why do you think that the risk(s) are increasing?

Is it, for instance, because of an increase of:
• The number of hazards (e.g. increase in use of a group of biological agent)?
• The intensity of exposition to this hazard (e.g. increase of the concentration of a

biological agent)?
• The number of persons exposed? (If you are able to give an indication, please do so.)
• The number of occupational/ work related diseases or sick-leaves caused by this

hazard? (If you are able to give an indication, please do so.)
• Or is the effect of this hazard on the workers’ health getting worse? Etc.

Please explain:

Risk 1:

Risk 2:

Risk 3:

Risk 4:

Risk 5:

Could you give us references of publications/studies dealing with these
suspected emerging risks?

Risk 1:

Risk 2:

Risk 3:

Expert forecast on Emerging Biological Risks related to Occupational Safety and Health

E
UROPEAN

A
GEN

CY
FOR

S
AFETY

AN
D
H
EALTH

ATW
ORK

104



Risk 4:

Risk 5:

P a r t 3 : F u r t h e r i n f o r m a t i o n

1. Do you know about other studies/ publications dealing with emerging
risks (not limited to biological risks)? If yes, please give references:

2. Can you recommend national or international experts whom we should
invite to participate in this survey? Please give name, organisation,
address, phone number, e-mail:

3. Do you have any further complementary information or comments about our
project in general? Any suggestions on how to improve our questionnaire?

Thank you very much for your time and co-operation!
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A N N E X 3 : Q U E S T I O N N A I R E U S E D F O R T H E

S E C O N D S U R V E Y R O U N D

A b o u t t h e s u r v e y

This survey represents the second step in the Agency’s expert forecast on emerging
biological occupational safety and health risks. The questionnaire seeks your opinion
on the issues identified by the experts in the previous round of the survey.

It is divided into four parts, each one focusing on a particular topic in the field of
biological OSH.

We would like to have your opinion:

How strongly do you agree on that the following issues are emerging
biological OSH risks?

D e f i n i t i o n o f ‘ e m e r g i n g r i s k ’

For this project, an ‘emerging OSH risk’ is any occupational risk that is both ’new‚ and
’increasing’.

By new we mean that:
• the risk is new and caused by new processes, new technologies, new types of

workplaces, or social or organisational change; or,
• a long-standing issue is newly considered as a risk due to a change in social or public

perceptions (e.g. stress, bullying); or,
• new scientific knowledge allows a longstanding issue to be identified as a risk (e.g.

Repetitive Strain Injury (RSI), where cases have existed for decades without being
identified as RSI because of a lack of scientific evidence).

The risk is ‘increasing’ if either the:
• number of hazards leading to the risk is growing, or the
• likelihood of exposure to the hazard leading to the risk is increasing, (exposure level

and/ or the number of people exposed), or the
• effect of the hazard on the workers’ health is getting worse.

Please send the questionnaire filled in to eva.flaspoeler@hvbg.de by February
7th, 2005.

Thank you very much for taking part in this survey!

H o w t o c o m p l e t e t h e q u e s t i o n n a i r e

The risks identified in the first step of the survey in 2004 are categorized and listed in
tables. The first column in each of the tables gives feedback on the results of the
survey’s first round: It shows the number of experts who considered the risk to be
emerging.
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If you have at least five years of experience in the area of biological risks, please
rate each issue independently by ticking the corresponding box on a five-point scale
ranging from ‘Disagree’ to ‘Agree’.
• Tick the first box if you strongly disagree that the issue is an emerging risk.
• Tick the last box if you strongly agree that the issue is an emerging risk.
• Tick the middle box if you are undecided.

You may comment on your ratings in the column ’Comments‚ on the right of each
issue. If you do so, please avoid unsubstantiated opinions and try to support your
comments with objective arguments, e.g. research results, references to publications,
statistics, etc. At the end of each part you may also add new additional possible
emerging biological risks, if in your opinion some relevant emerging biological OSH
risks are missing.

Moreover, you will find some space for any additional comments on the survey in
general at the end of the questionnaire.

A b o u t y o u

All information is kept confidential within the project team and is only used for
purposes of the Agency’s expert forecast project.

Date:

Name:

Country:

Institution:

Function: � President/ Director � Head of department � Professor/ Lecturer

� Researcher � Engineer � Work inspector

� Other:

Main activity: � Research � Development

� Policy/ standards development � Testing/ certification

� (Law) enforcement/ promotion � Research planning/ management

� Work inspection � Training/ teaching

� Consulting � Other:
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P a r t 1 : B i o l o g i c a l r i s k s l i n k e d t o s o c i a l a n d e n v i r o n m e n t a l
p h e n o m e n a

Number
of

Emerging biological risks linked to social
Ratings Comments

experts
and environmental phenomena

16 Globalisation leading to epidemics of old and
new pathogens (e.g. Severe Acute Respiratory
Syndrome (SARS), avian flu, viral hemorrhagic
fever, tuberculosis, Human Immunodeficiency
Virus (HIV), Hepatitis C, Hepatitis B):

• High density of animals in confined spaces in
contact with humans leading to increasing
cases zoonoses (diseases jumping the
species barrier from animals to humans).

• High population density and increase in
business trips, tourism and immigration
helping zoonoses and other infectious
diseases to widespread quickly world-wide.

Groups particularly at risks of contamination:
Staff involved in producing, processing and
transporting livestocks, airport staff and air
crews, staff involved in border controls,
policing, staff in health care sector, public
transport and public services.

The risk is often underestimated, which leads to
a lack of preventive measures.

8 General increased use of antibiotics for human
health care and for animal breeding in the food-
industry leading to the apparition of drug
resistant pathogens (e.g., methicillin resistant
staphylococcus aureus (MRSA), tubercule
bacillius (TBC)). Health effects observed: Increase
in staff infected with MRSA in western hospitals;
increasing antibiotics resistance of livestock
farmers and in the population in general.

4 Increased risks of biothreats (e.g., anthrax, ricin)
leading to risks of infectious diseases,
poisoning and stress-related disorders.

2 Decreasing exposure to biological agents —
especially in developed countries, where there is
a misunderstanding of hygiene — leading to a
poor development of immunoregulatory
pathways and to an increasing incidence of
allergies, infectious diseases, arteriosclerosis,
autoimmune diseases, cancers,etc.. (Studies
show that the decreasing exposure to organic
dusts, endotoxins from gram-negative bacteria,
mycobacterial lipopeptides and fungal glucans
has led to an increased morbidity especially in
occupations where organic dust is to be found
(livestock farmings, cotton textile industry, etc.)).

1 Lack of interest from the pharmaceutical industry
in developing new types of antibiotics leading to
risks of epidemics of infectious deseases.
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Disagree Agree

� � � � �

Disagree Agree

� � � � �

Disagree Agree

� � � � �

Number
of

Emerging biological risks linked to social
Ratings Comments

experts
and environmental phenomena

1 Climate change (warmer temperatures) may
lead to the development and spread of new
infectious diseases in different workplaces.

1 Environmental allergens leading to a higher
sensitisation of the workforce and hence to an
increase in occupational allergic diseases
(atopy).

Other emerging biological risks linked to social and environmental phenomena:

P a r t 2 : R i s k s d u e t o s u b s t a n c e s

Number
of Emerging risks due to substances Ratings Comments

experts

4 Moulds in indoor workplaces due to new
construction methods and materials, due to the
aim of saving energy and due to the lack of
maintenance: Exposure to fungal spores for
office workers and especially workers involved
in building restauration, leading to sensitization
and allergies.

3 Endotoxins: High concentrations in various
industrial settings (e.g. in workplaces exposed to
organic materials (straw, wood, cotton dust),
waste treatment, poultry houses, swine
confinment buildings) leading to asthma, loss of
lung function, etc.

1 Aflatoxin exposure of staff in food processing
plants and animal feeding plants may lead to
e.g. cancer.

1 Mycotoxins: Increasing risk as mycotoxins have
increasing possibilities to grow, for example
due to the increase of garbage quantities.
Potential health effects: cancers, immune
deprivations and congenital abnormalities.
Groups more at risk : workers in waste
treatment occupations, textile and food-
processing sectors, wet work.
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Number
of Emerging risks due to substances Ratings Comments

experts

1 Pneumococcus and various infectious agents
from metal fumes, the effects of which were
previously unrecognised.

1 Potentially more aggressive micro-organisms
and products, mainly resulting from the
increasing enzyme production and medicine
production.

1 Bioaerosols and chemicals, the combined
effects of which have been very little studied but
lead to allergies. More knowledge will help
identify the real multi-factorial causes of
symptoms for which mono-causal explanations
have been made so far.

Other emerging risks due to substances:

P a r t 3 : R i s k s d u e t o s p e c i f i c w o r k p l a c e s a n d w o r k p r o c e s s e s

Number Emerging risks due to workplaces
of and work processes related Ratings Comments

experts to recycling and waste handling

7 Biohazards in waste treatment plants (e.g.
selective sorting, manufacture of compost)
leading to allergies, infectious diseases
(bacteria, viruses), toxinic diseases (endotoxins,
mycotoxins) and cancers (oncogens).
Especially in composting facilities, where there
are a wide variety of microorganisms present at
the different stages of the composting process,
the risks are not completely identified yet.

2 Increased number of water treatment plants
implying a larger number of workers exposed
to risks of allergies, infectious diseases (bacteria,
viruses), toxinic diseases (endotoxins,
mycotoxins) and cancers (oncogens).

1 Handling and processing of clinical waste.
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Number Emerging risks due to workplaces
of and work processes related Ratings Comments

experts to recycling and waste handling

1 Increased need for renovation of old degrading
sewage systems and drain pipes in Europe, which
are sources of many infectious agents (hepatitis
A, endotoxin from gram negative bacteria).

Number Emerging risks due to workplaces
of and work processes related Ratings Comments

experts to health care and service sectors

5 Increase in infections with hepatitis B, C, HIV in
health care sector, police and prison staff.

1 Increase of nursing at home — because of
pressure on medical budgets — leading to
exposure of (less well trained self-employed)
medical staff to infectious micro-organisms as
the environmental working conditions are not
controlled as well as in hospitals.

1 Manufacture and applications of viral constructs
for gene therapy, which involve more staff in the
manufacturing and health care sectors, with
following safety issues: safety of the rDNA
construct, safety of the viral vector, pathogenicity,
recombination events with viral sequences in the
host, safety of packaging cell line, and regulation
of gene expression of the rDNa product.

Number Emerging risks due to workplaces
of and work processes related Ratings Comments

experts to laboratory and research work

1 Research work on the pathogenicity of aerosol
transmitting agents such as tubercolosis and
SARS leading to increasing transmission to
research workers.

1 Increasing amount of research work on biosafety
level 4 (BSL4) agents in order to determine their
pathogenicity, likely to lead to contamination of
laboratory workers.

1 Exposure to different micro-organisms in
laboratory workplaces.

1 Vaccines against pandemic flu: Potential for
evolutionary drift to produce a novel strain with
an antigenic profile for which there is no
background immunity (e.g. reassortment
between a circulating flu virus and a H5 antigen).

1 Large-scale production of vaccines against
pandemic flu: Conflict in requirements between
positive pressure from safety regulations (to work
under controlled safety conditions) and negative
pressure from public health protection (to
produce the vaccines as fast as possible).
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Number Emerging risks due to workplaces
of and work processes related Ratings Comments

experts to the food industry

1 Biotechnologies, involving new substances in
occupational settings (e.g. food production).

1 Use of enzymes under new conditions in the
food and detergent sectors (wider and more
concentrated applications) leading to
respiratory and dermal allergies.

Number Emerging risks due to workplaces
of and work processes related Ratings Comments

experts to agriculture

1 Biological pest control in green houses leading
to allergies.

1 Exposure to flavivirus in forestry occupations
leading to encephalitis.

1 Exposure to clostridium tetani, potentially
leading to death, in the agriculture sector or
leather and fur processing occupations.

Other emerging risks due to specific workplaces and work processes:
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P a r t 4 : R i s k s d u e t o r i s k m a n a g e m e n t a n d h a n d l i n g

Number
of

Emerging risks due to risk
Ratings Comments

experts
management and handling

4 Poor maintenance of air-conditioning (whose
use is increasing) and water systems (e.g.
legionella, aspergilosis in hospitals). New
knowledge about the presence of legionella
will help the correct diagnosis of symptoms so
far wrongly attributed to other diseases like flu.

1 Inadequate training, poor knowledge of OSH
or even poor basic awareness of risks of local
authorities staff (e.g sewage, excavations, waste
collection, etc.).

1 Lack of information on biological risks in
different workplaces (e.g. office workplaces,
agriculture).

1 Inappropriate measuring methods or
measuring/analysing equipment.

1 Poor or difficult assessment of biological risks.

Other emerging risks due to risk management and handling:

F u r t h e r C o m m e n t s

Other emerging biological risks not fitting in any of the categories above:
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Do you know about other studies/ publications dealing with emerging
biological OSH risks? If so, please give references:

Do you have any comments about this project or about this questionnaire? If
so, please comment:

Thank you very much for your time and co-operation!
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A N N E X 4 : Q U E S T I O N N A I R E U S E D F O R T H E

T H I R D S U R V E Y R O U N D

A b o u t t h e s u r v e y

This survey represents the final step in the Agency’s expert forecast on emerging
biological occupational safety and health risks. The questionnaire seeks your opinion
on the issues identified by the experts in the previous two survey rounds and is
divided into four parts.

We would like to have your opinion:

Which of these issues are really emerging biological OSH risks?

D e f i n i t i o n o f ‘ e m e r g i n g r i s k ’

For this project, an ‘emerging OSH risk’ is any occupational risk that is both ‘new’ and
‘increasing’.

By ‘new’ we mean that:
• the risk is new and caused by new processes, new technologies, new types of

workplaces, or social or organisational change; or,
• a long-standing issue is newly considered as a risk due to a change in social or public

perceptions (e.g. stress, bullying); or,
• new scientific knowledge allows a longstanding issue to be identified as a risk (e.g.

Repetitive Strain Injury (RSI), where cases have existed for decades without being
identified as RSI because of a lack of scientific evidence).

The risk is ‘increasing’ if either the:
• number of hazards leading to the risk is growing, or the
• likelihood of exposure to the hazard leading to the risk is increasing, (exposure level

and/or the number of people exposed), or the
• effect of the hazard on the workers’ health is getting worse.

H o w t o c o m p l e t e t h e q u e s t i o n n a i r e

For each of the parts, please ONLY reply if you have at least five years of experience in
the area concerned.

Please rate each issue independently by ticking the corresponding box on a five-point
scale ranging from ‘Disagree’ to ‘Agree’.
• Tick the first box if you strongly disagree that the issue is an emerging risk;
• Tick the last box if you strongly agree that the issue is an emerging risk;
• Tick the middle box if you are undecided.

We have left a space at the end for your comments.

Please send the questionnaire to eva.flaspoeler@hvbg.de by September, 27th.

Thank you very much for taking part in this survey!!!
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A b o u t y o u
(Information is kept confidential within the project team and is used only for the purposes of the Agency’s
expert forecast project)

Date:

Name:

Country:

Institution:

Function: � President/ Director � Head of department � Professor/ Lecturer

� Researcher � Engineer � Work inspector

� Other:

Main activity: � Research � Development

� Policy/ standards development � Testing/ certification

� (Law) enforcement/ promotion � Research planning/ management

� Work inspection � Training/ teaching

� Consulting � Other:

Do you have at least 5 years of experience in activities related to OSH biological risks?
� Yes � No

P a r t 1 : B i o l o g i c a l r i s k s l i n k e d t o s o c i a l a n d e n v i r o n m e n t a l p h e n o m e n a

Globalisation leading to epidemics of old and new
pathogens (e.g. Severe Acute Respiratory Syndrome
(SARS), avian flu, viral hemorrhagic fever, tuberculosis,
Human Immunodeficiency Virus (HIV ), Hepatitis C,
Hepatitis B):

• High density of animals in confined spaces in contact
with humans leading to increasing zoonosis cases
(diseases jumping the species barrier from animals to
humans).

• High population density and increase in business trips,
tourism and immigration helping zoonoses and other
infectious diseases to widespread quickly world-wide.

Groups particularly at risks of contamination: Staff
involved in producing, processing and transporting
livestocks, airport staff and air crews, staff involved in
border controls, policing, staff in health care sector,
public transport and public services.

The risk is often underestimated, which leads to a lack of
preventive measures.

General increased use of antibiotics for human health
care and for animal breeding in the food-industry
leading to the apparition of drug resistant pathogens
(e.g., methicillin resistant staphylococcus aureus (MRSA),
tubercule bacillius (TBC)). Health effects observed:
Increase in staff infected with MRSA in western hospitals;
increasing antibiotics resistance of livestock farmers and
in the population in general.
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Decreasing exposure to biological agents — especially in
developed countries, where there is a misunderstanding of
hygiene — leading to a poor development of
immunoregulatory pathways and to an increasing
incidence of allergies, infectious diseases, arteriosclerosis,
autoimmune diseases, cancers,etc.. (Studies show that the
decreasing exposure to organic dusts, endotoxins from
gram-negative bacteria, mycobacterial lipopeptides and
fungal glucans has lead to an increased morbidity
especially in occupations where organic dust is to be found
(livestock farmings, cotton textile industry, etc.)).

Environmental allergens leading to a higher sensitisation
of the workforce and hence to an increase in
occupational allergic diseases (atopy).

Increased risks of biothreats (e.g., anthrax, ricin) leading
to risks of infectious diseases, poisoning and stress-
related disorders.

Climate change (warmer temperatures) may lead to the
development and spread of new infectious diseases in
different workplaces.

Low interest of the pharmaceutical industry in
developing new types of antibiotics leading to risks of
epidemics of infectious deseases.

Multi-resistant tuberculosis coming back from Eastern
Europe.

Biological risks in private life which have a direct or
indirect impact on occupational life.

P a r t 2 : B i o l o g i c a l r i s k s d u e t o s u b s t a n c e s

Endotoxins: High concentrations in various industrial
settings (e.g. in workplaces exposed to organic materials
(straw, wood, cotton dust), waste treatment, poultry
houses, swine confinment buildings) leading to asthma,
loss of lung function, etc.

Moulds in indoor workplaces due to new construction
methods and materials, due to the aim of saving energy
and due to the lack of maintenance: Exposure to fungal
spores for office workers and especially workers involved in
building restauration, leading to sensitization and allergies.

Bioaerosols and chemicals, the combined effects of
which have been very little studied but lead to allergies.
More knowledge will help identify the real multi-factorial
causes of symptoms for which mono-causal
explanations have been made so far.

Mycotoxins: Increasing risk as mycotoxins have
increasing possibilities to grow, for example due to the
increase of garbage quantities. Potential health effects:
cancers, immune deprivations and congenital
abnormalities. Groups more at risk: workers in waste
treatment occupations, textile and food-processing
sectors, wet work.
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Comments



Aflatoxin exposure of staff in food processing plants and
animal feeding plants may lead to e.g. cancer.

Pneumococcus and various infectious agents from metal
fumes, the effects of which were previously
unrecognised.

Potentially more aggressive micro-organisms and
products, mainly resulting from the increasing enzyme
and medicine.

Impact of biofilms on public health, e.g. on water and air
systems.

P a r t 3 : B i o l o g i c a l r i s k s d u e t o s p e c i f i c w o r k p l a c e s a n d w o r k p r o c e s s e s

Part 3.1: Emerging risks due to workplaces and work processes related to
recycling and waste handling

Biohazards in waste treatment plants (e.g. selective
sorting, manufacture of compost) leading to allergies,
infectious diseases (bacteria, viruses), toxinic diseases
(endotoxins, mycotoxins) and cancers (oncogens).
Especially in composting facilities, where there are a wide
variety of microorganisms present at the different stages
of the composting process, the risks are not completely
identified yet.

Increased number of water treatment plants implying a
larger number of workers exposed to risks of allergies,
infectious diseases (bacteria, viruses), toxinic diseases
(endotoxins, mycotoxins) and cancers (oncogens).

Handling and processing of clinical waste.

Increased need in renovation of old degrading sewage
systems and drain pipes in Europe, which are sources of
many infectious agents (hepatitis A, endotoxin from
gram negative bacteria).

Part 3.2: Emerging risks due to workplaces and work processes related to
health care and service sectors

Increase in infections with hepatitis B, C, HIV in health
care sector, police and prison staff as well as in other
workplaces.

Manufacture and applications of viral constructs for gene
therapy, which involve more staff in the manufacturing
and health care sectors, with following safety issues:
safety of the rDNA construct, safety of the viral vector,
pathogenicity, recombination events with viral
sequences in the host, safety of packaging cell line, and
regulation of gene expression of the rDNa product.

Increase of nursing at home — because of pressure on
medical budgets — leading to exposure of (less well
trained self-employed) medical staff to infectious micro-
organisms as the environmental working conditions are
not controlled as well as in hospitals.
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Part 3.3: Emerging risks due to workplaces and work processes related to
laboratory and research work

Exposure to different micro-organisms in laboratory
workplaces.

Increasing amount of research work on biosafety level 4
(BSL4) agents in order to determine their pathogenicity,
likely to lead to contamination of laboratory workers.

Research work on the pathogenicity of aerosol
transmitting agents such as tubercolosis and SARS
leading to increasing transmission to research workers.

Vaccines against pandemic flu: Potential for evolutionary
drift to produce a novel strain with an antigenic profile
for which there is no background immunity (e.g.
reassortment between a circulating flu virus and a H5
antigen).

Large-scale production of vaccines against pandemic flu:
Conflict in requirements between positive pressure from
safety regulations (to work under controlled safety
conditions) and negative pressure from public health
protection (to produce the vaccines as fast as possible).

Laboratory acquired infections, regardless of biosafety
level.

Increasing numbers of laboratories handling highly
dangerous pathogens (because of potential biothreats,
epidemic strains) while not always up-to-date from a
biosafety point of view (relatively low level of control by
authorities especially in academic settings).

Part 3.4: Emerging risks due to workplaces and work processes related to the
food industry

Use of enzymes under new conditions in the food and
detergent sectors (wider and more concentrated
applications) leading to respiratory and dermal
allergies.

Biotechnologies, involving new substances in
occupational settings (e.g. food production).

Part 3.5: Emerging risks due to workplaces and work processes related to
agriculture

Biological pest control in green houses leading to
allergies.

Exposure to flavivirus in forestry occupations leading to
encephalitis.

Exposure to clostridium tetani, potentially leading to
death, in the agriculture sector or leather and fur
processing occupations.
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P a r t 4 : B i o l o g i c a l r i s k s d u e t o r i s k m a n a g e m e n t a n d h a n d l i n g

Poor maintenance of air-conditioning (whose use is
increasing) and water systems (e.g. legionella, aspergilosis
in hospitals). New knowledge about the presence of
legionella will help the correct diagnosis of symptoms so
far wrongly attributed to other diseases like flu.

Poor or difficult assessment of biological risks.

Lack of information on biological risks in different
workplaces (e.g. office workplaces, agriculture).

Inadequate training, poor knowledge of OSH or even
poor basic awareness of risks of local authorities staff (e.g
sewage, excavations, waste collection, etc.).

Inappropriate measuring methods or measuring/analysing
equipment.

Inadequate or lack of emergency preparedness and/or
response plan concerning biological risks.

F u r t h e r i n f o r m a t i o n

Do you know about other studies/ publications dealing with emerging OSH
risks? If so, please give references:

Do you have any comments about this project or about this questionnaire?

Thank you very much for your time and co-operation!
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