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Introduction

We wish to extend to you a warm welcome to this international conference on occupational health risks of producing and handling organisms for biological control of pests in agriculture.

Internationally biocontrol (biologically control) is now an integral element of pest plant diseases and weed control. In Denmark more than 98% of glasshouse vegetables are produced using biocontrol. Outdoor the use of biocontrol is still very limited in North Europe. In the last years attention has been drawn towards knowledge about possibly health risks of handling or producing biocontrol products. It is the purpose of this conference to get knowledge about occupational health risks of handling biocontrol products or of crops treated by biocontrol products. Exposure levels to microorganisms and respiratory symptoms are reported from e.g. agriculture and knowledge can be gained from studies in this environment. At this conference the followings will be presented and discussed: 

· The use of biological control

· Perception of risks of using biological control

· Exposure to biological control products

· Exposure to microorganisms in agriculture

· Potential health effects of exposure to biological control products 

· Potential health effects of exposure to microorganisms in different farming environments

· Exposure measurement and exposure control
· In vitro methods for testing effects of microorganisms on human cells
We hope that the conference will illuminate which kinds of studies are needed for the future. Furthermore we hope that contacts can be made between people from different areas working with biocontrol to further promote the work on biocontrol and occupational health as work is still needed and to encourage cooperation between people from different areas.
This conference is organised by the Danish Centre for Biological Control. The centre aims to support the development and use of biological control in Denmark and internationally based on principles of ecological sustainability. 

Anne Mette Madsen; Jørgen Eilenberg; Annie Enkegaard; Niels Bohse Henriksen; Dan Funck Jensen Jørgen Brøchner Jespersen; and John Larsen
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Speakers abstracts

Biological control in Europe 

Jørgen Eilenberg

Department of Ecology The Royal Veterinary and Agricultural University

Thorvaldsensvej 40 DK 1871  Frb.C. DENMARK JEI@KVL.DK
Biological control (or biocontrol) is defined as: ”The use of living organisms to suppress the population density or impact of a specific pest organism making it less abundant than it would otherwise be”.

Biological control must thus involve the use of living biological entities. Included in the definition are: predators parasitoids and microorganisms (virus bacteria fungi and protozoa) for control of insect pests and mites; fungi and bacteria for control of plant diseases; herbivorous insects and fungi for weed control; mammals for control of rodents; and fungi for control of intestinal worms.

Excluded from the definition are for example: the use of GMO plants to obtain resistance to insect pests and plant diseases the use of metabolites or extracts from plants and microbes and the use of soap and other non toxic chemicals for insect control.

Biological control can be used in four different ways: 1) Inundation 2) Inoculation 3) Conservation and 4) Classical. 1) the biocontrol agent is applied in large quantities to solve a problem (for example the use of Bacillus thuringiensis. The term “biopesticide” is sometimes used to describe inundation. 2) the biocontrol agent is inoculated in small amounts in order to establish proliferate and prevent damage (for example the inoculation of soil with fungi to prevent insect attack). 3) no biocontrol agents are released instead the natural occurring organisms are supported by eg. establishing more hedges. 4) This concept covers the release of an exotic organism to control an introduced pest (mostly used in USA Australia etc.)

In Europe a number of organisms are now for sale for biological control of especially glasshouse pests. In Denmark more than 98% of glasshouse vegetables are produced using biological control while approx 35% of ornamentals in glasshouses are produced using biological control. Further south in Europe biological control is used considerable less in glasshouse crops. Outdoor the use of biological control is still very limited especially in North Europe.

Concerning risk problems related to handling and use of biological control, it will be relevant to consider only inundation and inoculation.

How will the public perceive risks related to biocontrol? 

Peter Sandøe

Centre for Bioethics and Risk Assessment Royal Veterinary and Agricultural University

This paper is about risk perception. It will serve to open a discussion about how risks related to biocontrol will be perceived by the general public. Unfortunately there does not seem to any empirical studies available regarding this specific subject. However from studies relating to other related issues such as pesticide use genetically modified crops and food borne zoonotic risks there is ample evidence that the public perceives risks in way that is systematically different from how risks are understood by experts involved in risk assessment and other parts risk analysis. Experts in food will typically view food-borne risks as a one-dimensional affair: “Risk = effect × probability”.

Whereas for lay persons risks have several dimensions: uncertainty dread catastrophic potential controllability fairness.

On the basis of a review on our current understanding of the differences between expert and lay perceptions of risks an attempt will be made to lay out some of the issues in risk related to biocontrol where conflicts between lay and perceptions of risk are likely to occur.

Exposure assessment of Verticillium lecanii and other microorganisms
A.M. Madsen, K.G. Jensen, K.A. Jensen and T.T. Olsen

National Institute of Occupational Health, Lersø Parkalle 104, 2100 Copenhagen Denmark. 

Fax number: 0045 39 16 52 01, E-mail: amm@ami.dk
It is crucial to have valid methods for assessment of exposures to microbial biocontrol agents for studying the relationships between exposure and potential respiratory health effects and in the identification of exposure sources. 

Verticillium lecanii (Zimmermann) Viégas is a fungus used commercially as a biocontrol agent. The typical aerodynamic diameters of airborne V. lecanii conidia is ~1.5 (m (1.2-1.9(m( measured with an APS (aerodynamic particle sizer). Besides deposition in the upper respiratory tract, conidia of ( 2(m size are able to pass the throat and trachea and enter the bronchi. We have studied the conidia release of V. lecanii and are comparing methods of sampling using this fungus. When colonies of V. lecanii were affected by an airflow of 1.5 or 5 m/s only a very small fraction of the produced conidia became airborne. This indicates that many conidia of V. lecanii can occur in a material without being aerosolised during wind exposure. In contrast we have found that V. lecanii conidia were released from organic grown straw when it was mechanically handled. The fact that V. lecanii conidia are born in slimy heads may explain the relatively poor aerosolisation during wind exposure. 

For comparing methods of sampling, a bubbling bioaerosol generator and a vertical near-laminar flow aerosol steel chamber has been developed. The comparisons of sampling methods showed different effectivity of samplers in sampling cultivable V. lecanii conidia. However, the three studied filter-sampling methods showed the same effectivity in sampling cultivable V. lecanii. 
Occupational Health Issues of Bt-based Insecticides
Lars Andrup1, Preben Larsen2, Bodil L. Jacobsen3, Bodil Madsen3, Andrea Wilcks3, Lasse Smidt1, Gert B. Jensen1.

1National Institute of Occupational Health, Denmark. 

2Odense University Hospital, Denmark. 

3Danish Veterinary and Food Administration.

Since the discovery of the insecticidal activity of B. thuringiensis in the beginning of the twentieth century this bacterium has been used more and more as a weapon against various insect pests. During recent years the close relationship between B. thuringiensis and B. cereus has been well documented. In practice only the insecticidal activity of B. thuringiensis differentiate these two species, as many strains of B. thuringiensis have been shown to encode and produce the same enterotoxins that make B. cereus a food-borne pathogen. Further B thuringiensis has been implicated in an outbreak of food poisoning (2). The genetic basis of the insect toxins are found on large plasmids in B. thuringiensis and as these plasmids can be lost or transferred horizon​tally  QUOTE "(1;3)" 
(1;3)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\0EC:\5CWinRM8\5CAND8\03\00\0246"46 /id Jensen, Andrup, et al. 1996\00"\00 
 there is no reason to distinguish between B. thuringiensis and B. cereus in evaluating the pathogenic potential for humans. Consequently, there is a need to evaluate the occupational risks handling B. thuringiensis-based insecticides.

In the present study of occupational exposure to B. thuringiensis, 20 exposed greenhouse workers were examined for B. cereus-like bacteria in fecal samples and on biomonitoring filters. Bacteria with the following characteristics were isolated from eight individuals: intracellular crystalline inclusions characteristic of B. thuringiensis, genes for and production of B. cereus enterotoxins, and positivity for cry11 as determined by PCR. DNA fingerprints of the fecal isolates were identical to those of strains isolated from the commercial products used. Work processes (i.e., spraying) correlated with the presence of B. thuringiensis in the fecal samples (102 to 103 CFU/g of feces). However, no gastrointestinal symptoms correlated with the presence of B. thuringiensis in the fecal samples. For more details of the study see (4).

· Andrup, L., O. Jørgensen, A. Wilcks, L. Smidt, and G.B. Jensen. 1996. Mobilization of "non-mobilizable" plasmids by the aggregation-mediated conjugation system of Bacillus thuringiensis.  Plasmid 36:75-85.

· Jackson, S.G., R.B. Goodbrand, R. Ahmed, and S. Kasatiya. 1995. Bacillus cereus and Bacillus thuringiensis isolated in a gastroenteritis outbreak investigation.  Lett.Appl.Microbiol. 21:103-105.

· Jensen, G.B., L. Andrup, A. Wilcks, L. Smidt, and O.M. Poulsen. 1996. The aggregation-mediated conjugation system of Bacillus thuringiensis subsp. israelensis: host range and kinetics.  Curr.Microbiol. 33:228-236.

· Jensen, G.B., P. Larsen, B.L. Jacobsen, B. Madsen, L. Smidt, and L. Andrup. 2002. Bacillus thuringiensis in fecal samples from greenhouse workers after exposure to B. thuringiensis-based pesticides. Appl.Envir.Microbiol. 68: 4900-4905.

Respiratory health effects of different farming environments - results from occupational and environmental studies 

Katja Radon

Unit for Occupational and Environmental Epidemiology & Net Teaching 
Institute for Occupational and Environmental Medicine University of Munich Germany

Exposure to dust, endotoxins, glucans as well as allergens in the farming environment are high. In result farmers are at high risk for the development of acute (organic dust toxic syndrome) and chronic neutrophilic airway inflammation (chronic bronchitis). The risk is especially high in swine confinement farmers. On the other hand regardless of a high level of exposure to allergens in the working as well as in the home environments animal farmers seem to be at lower risk for allergic rhinitis and allergic asthma than the general population. However this does not seem to be true for farmers involved in plant crop without exposure to animal confinement houses. 

On the other hand there is abundant evidence that children growing up with high exposure to organic dusts have a lower risk of developing atopic sensitization hay fever and asthma. According to our newest data this protection seems to persist into adulthood. Nevertheless neighbors of intensive animal production facilities are concerned about potential health effects of environmental exposure to animal house emissions. 

Exposure control in the production of microbial control agents

H. Strasser

Institute of Microbiology (N.F.), Leopold-Franzens University Innsbruck, Technikerstrasse 25, Austria

http://bipesco.uibk.ac.at

Beauveria spp., Metarhizium anisopliae and Verticillium lecanii are ubiquitous soil fungi and have been used as fungal pest control agents for many years with no protective clothing at very high degrees of exposure to conidia both in the production process and in application. In most cases data from exposure monitoring are still missing during production to operators, bystanders and workers although these data are necessary. Nevertheless, the Commissions directive 2001/36/EEC (i.e. Annex III-B) does not provide sufficient details and guidance advice.

With the help of the EU funded RAFBCA project (Risk Assessment of Fungal Biocontrol Agents) our consortium will generate data to complete the chapter “effects on human health” pertaining to the entomopathogenic anamorphic fungi Beauveria brongniartii. Using the model case Beauveria brongniartii, active agent of Melocont®-Pilzerste, required information will be prepared as precisely as possible to all key issues raised in the dossier.

Safety issues are taken very seriously in our project. In order to improve the protection of workers' health and safety we strictly implement the Directive 2000/54/EC on the protection of workers from risks related to exposure to biological agents at work. For the first time the level of air-borne conidia in a Beauveria manufacturing unit were measured and found to be below the level observed in hospital intensive care units (> 60 cfu m-3).
Practical aspects regarding the exposure monitoring in a Beauveria production facility will be discussed and methods/strategies presented, which will generate data that will accelerate registration of fungal biocontrol products.
This presentation is supported by the EU-QLK1-CT-2001-01391 research project RAFBCA
Do farming exposures cause respiratory symptoms and disease in Norwegian farmers? Associations with production type and exposure to biological agents 

W. Eduard

National Institute of Occupational Health, Oslo, Norway

Many studies have studied respiratory diseases in farmers but studies often lack or have limited information on exposure to bioaerosols.  This is partly due to the large number of exposed tasks carried out by the farmers and the lack of measurement methods for bioaerosol components in the past.  In the 80-ties improvements were made in the quantification of endotoxins fungal spores bacteria and glucans.  Exposure to bioaerosol components was therefore quantified in a large cross-sectional study of ca 8500 Norwegian farmers, which was carried in 1991.  Exposure was assessed by a task-based strategy.  The role of agents in respiratory effects among farmers was further studied by exposure-response analyses.

Published and unpublished results will be presented.  Prevalences of chronic bronchitis and asthma in farmers were compared to the general population and among farmers with different production types.  Associations between the outcomes chronic bronchitis asthma and work-related symptoms and exposure to endotoxins fungal spores bacteria ammonia and total dust were studied.  Associations between acute work-related symptoms and exposure were also studied in a subset of farmers that participated in the exposure study.  The latter analyses also included glucans fungal antigens mites organic dust inorganic dust and silica nitrogen dioxide and hydrogen sulphide.    

The prevalences of chronic bronchitis (6.5%) and asthma (physician diagnosed 4%) were lower than in the general population (9% and 6-7% respectively).  Most asthmatic farmers were not atopic (75%) which also was found in the general population.  However clear differences between farmers were observed due to production type.  Livestock farmers had more chronic bronchitis and non-atopic asthma than farmers without livestock of which poultry farmers had significantly more chronic bronchitis and swine farmers more asthma than farmers without livestock.  Atopic asthma was less prevalent in livestock farmers. Prevalences of work-related symptoms ranged from 5 to 42% for different tasks.  
Only exposure to bacteria showed clear indications of an exposure-response association with chronic bronchitis.  Exposure to endotoxins fungal spores and ammonia showed positive exposure-response associations with non-atopic asthma and negative associations with atopic asthma.  As these exposures were correlated it was not possible to distinguish between these agents.  Acute work-related symptoms from the eyes nose and cough were associated with fungal spores and nose symptoms also with silica.  

These results show that chronic bronchitis non-atopic asthma as well as respiratory and eye irritation can be ascribed to work exposure among Norwegian farmers.  These outcomes were associated to endotoxins but bacteria and especially fungal spores, seems to be at least as important.  Atopic asthma seems to be inverse related to bioaerosol exposure, which is in agreement with the hygiene hypothesis but this may also be explained by selection if atopic asthma is more severe than non-atopic asthma.

Sensitization and Inflammatory Lung Diseases Among Greenhouse Workers Exposed to Microbiological Pesticides 

Baelum, J.(1), Larsen, P.(1), Sigsgaard, T.(2), Doekes, G.(3) 

(1)Department of Occupational and Environmental Medicine Odense University Hospital Denmark

(2) Institute og Environmental and Occupational Medicine University of Aarhus Denmark 

(3) Institute for Risk Assessment Sciences Division of Environmental and Occupational Health University of Utrecht.
Microbiological pest control has been introduced in greenhouses as a supplement or replacement for the chemical insecticides and fungicides. 

The aim of the study was an evaluation of the risk of developing type I allergy and inflammatory lung diseases due to occupational exposure to the microbiological insecticides Bacillus thuringiensis and Verticillium lecanii and the fungicide Trichoderma harzianum.

The study included a cross sectional material of 579 persons (32% males and 68% females) in 31 greenhouse companies. Of these 316 were reexamined in the follow up 1 year later. Symptoms and work conditions were obtained by interview at annual examinations. Besides spirometry and bronchial challenge skin prick test with standard inhalatory allergens were measured. The kohort has been follow for three years.

In the cross sectional material 6.6% of the subjects reported they had asthma while about 20% reported on or more symptoms of rhinitis. The incidence of new symptoms was about 10%.
In greenhouses using Bacillus products we found increased prevalence and incidence of itching in the eyes at work and the highly exposed persons had more chest tightness. Trichoderma in greenhouses was related to cough difficulty of breathing itching in the nose and more unspecific annoyance. The use of Verticillium was not related to any symptoms. A healthy worker selection in the material in selecting out the atopic persons may have some importance for the results. 

In conclusion the study showed a relatively high prevalence of symptoms among greenhouse workers. We found a significant however week relation to estimates of exposure to Bacillus thuringiensis and Trichoderma harzianum but not to Verticillium lecanii.

The incidence and prevalence of respiratory symptoms in greenhouse workers are relatively high despite a probable healthy worker effect. Greenhouse workers with atopy seem to have a higher risk for developing symptoms. In comparison the effects of the microbiological pesticides seem less pronounced. The results of the three-year follow up will probably give more firm conclusions.

Exposure of greenhouse workers to the biocontrol agent Verticillium lecanii as a function of working processes

Kaare Møller, Bent Löschenkohl, Karin Thygesen, and Steen Lykke Nielsen

Danish Institute of Agricultural Sciences Research Centre Flakkebjerg DK-4200 Slagelse

Factors important to the evaluation of possible health hazards implied with the use of biocontrol agents under greenhouse conditions were studied in three different commercial greenhouse settings. Six trials were made: one in pot-rose culture, one in Chrysanthemum, two in Osteospermum and two in Campanula cultures.

The entomophagous and saprobe fungus Verticillium lecanii was used and considered to be a suitable model biocontrol agent, based on its capacity to produce spores, which may be released to air, and of which the size is within the range of that of respirable dust. Two commercial formulations of V. lecanii Vertalec and Mycotal, which are routinely applied in Danish greenhouses to control insect pests were selected and used in mixture. Applications were made to cuttings by either mist spraying, hydraulic spraying or by dipping the cuttings in suspension. The three nurseries selected routinely use V. lecanii agents in their production, and the techniques and equipment for V. lecanii application and all other production measures locally adapted were applied in all experiments. 

The presence and quantity of the biocontrol organism was followed both on the potential sources for human exposure, i.e. growth media and plants, and on the greenhouse workers subject to such exposure. This was done from the initiation of cultures till their final packing for sale by qualitatively and quantitatively recording its presence: 1) in the growth medium, prior to application, 2) on the top layer of the growth medium, 3) on the plant surface (generally the shoot), 4) on patches of cloth mounted on greenhouse workers’ clothes (chest, abdomen, shoulder and cap region), and 5) on skin of greenhouse workers (hands, arms and face).

Plate dilution tests were used to determine the presence and estimate the quantity of V. lecanii in washings from plants, growth medium, skin and clothes. Tests were made at all well defined processes in the production where greenhouse workers were involved and hence at risk for exposure. In all plate dilution tests, recordings were also made of total CFUs of non-V. lecanii fungi in order to enable highlighting the balance between the applied biocontrol organism and the prevalent greenhouse microflora.

Ambient air concentrations of V. lecanii were also recorded at these defined work processes, using a Sartorius MD8 sampler, but recordings of prevalence of other fungi were not made.

The sources for potential dispersal of and exposure to the biocontrol agent, i.e. plants and growth media, were demonstrated to sustain the persistance of V. lecanii at high levels until the end of the production cycles, and to also form a basis for its propagation, since CFU levels recorded initially on soil and plants were seen to increase over the periods of production, although declines and fluctuations occurred. The CFU levels of V. lecanii persisting on plants and growth media were comparable, irrespective of the differences in production systems, culture types and modes of application. The levels of V. lecanii found on soil and plants should be viewed in relation to the background levels of other fungi prevalent in the production system. The levels of this part of the microflora were generally 10 to 100 times higher than the levels of V. lecanii and some times even higher.

Results found for human skin exposure varied from 0 to 106 CFU (per total cleansed area of hand arm or facial area), hands and arms exhibiting much higher levels of contamination than the facial area. Stem cutting dipping and removal of plant plastic covering material were the two work processes yielding the highest human skin contamination.

Although detection methods were not designed for the purpose of direct comparisons it was the rough estimate that recovery of V. lecanii was generally lower from cloth than that from skin - generally in the range of 102 - 103 maximum of 3.8 x 105 CFU as washed off from a 450 cm2 cloth strip in one case, as against a general level of 103 - 106 CFU per washed skin areas (which in a rough estimate were about 2-4 times larger than areas of the test cloth strips).

The levels of contamination of skin and clothes by fungi other than V. lecanii were found to be about 10 to 100 times higher than the levels found for V. lecanii as was also found for levels on plants and soil.

Ambient air V. lecanii spore concentrations ranged from about 3 x 103 to 1.8x 105 CFU m-3, and the highest levels were found in the processes of removing plastic covering from the cultures. The 10 to 100 fold difference in levels of background mycoflora and of V. lecanii found on plants, soil skin and clothes cautiously indicate that the ambient air concentrations of background mycoflora may have been correspondingly higher than those of V. lecanii.

It is concluded that biocontrol agents such as V. lecanii are released to air during working processes, and that the biocontrol agent thus will be dispersed from the site of application to other compartments of the nursery. Dispersal may also take place through transfer of spores deposited on skin, clothes, inventory etc., as well as by recycling irrigation water. Further, the biocontrol agent is capable of persisting and propagating through the production cycle.

It is also concluded that greenhouse workers are subject to both respiratory and dermal (especially hands) exposure to the biocontrol agent at considerable levels during some working processes. In view of the magnitude of levels of fungi other than the biocontrol agent, exposure to these may be even more important as a possible health hazard, however.

Poster abstracts

Control of airborne fungi by using MBASS30 at working places in biocontrol manufacturing plants 

Kirchmair M., Rainer J.L.*, Strasser H. 

Institute of Microbiology (N.F.) Leopold Franzens University Innsbruck Technikerstr. 25 Austria

*MYKON Kirchmair-Kunwald-Rainer OEG Anton-Öfner Str. 20A Schwaz Austria www.mykon.at

Fungi in indoor air must be regarded as potential health hazards. There is only limited knowledge on the emission of fungal propagules from plant protection industry. Therefore the work in order to control airborne fungal contaminants in working environments is re-opend by the EU Commission to provide guidance to be used in risk assessment for operators workers bystanders and for users of fungal biocontrol agents (BCAs). 

This presentation will give an overview of exposure control in a Beauveria production facility including airsampling techniques based on viable and/or non-viable methods. Non-viable methods normally reveal much higher spore counts of fungi than viable methods but only fungi with very typical spores can be identified. For most trapped spores no species or often even no genus can be named. Whereas viable methods allow the identification and quantification of airborne fungal species with some restrictions: the number of propagules, which germinate on solid nutrition media depends on the composition of the medium and on the fungal species. By experience to control the exposure of Beauveria spp. to operators high sample volumes in combination with selective media are very promising. 

As also fungal contaminants can cause different health disorders additional sampling on media normally used for the detection of airborne fungi is recommended. These media are malt-extract-agar (MEA) and dichloran-18%-glycerin-agar (DG18). Moreover a non viable method should be applied. A quantification of the fungal spore load as well as the identification of the dominating species is necessary to estimate the impairment to health.

With new commercially available air samplers (i.e. MBASS30 Umweltanalytik Holbach GmbH) all three aspects of contaminated air can easily be investigated: A portable battery-powered basic unit can be equipped with an air sampler to collect cultivable particles on regular petri-dishes as well as with a particle sampler to collect particles on covered slides for the direct microscopic analysis of microorganisms (i.e. fungi). The independence from the electricity network is necessary to control not only the production of BCAs but also the exposure risk to applicators. 

Evaluation of the exposure to fungal BCA’s

Rainer J.L. Kirchmair M. * Strasser H. 

Institute of Microbiology (N.F.) Leopold Franzens University Innsbruck Technikerstr. 25 Austria

MYKON Kirchmair-Kunwald-Rainer OEG Anton-Öfner Str. 20A Schwaz Austria www.mykon.at

Entomopathogenic fungi are promising alternatives to chemical insecticides. Species of high commercial importance are Metarhizium anisopliae Beauveria bassiana B. brongniartii Paecilomyces fumosoroseus and Verticillium lecanii. These fungi can produce enormous numbers of dry conidia which are normally spread through the air. During production and operating with BCA formulations workers and applicants are potentially exposed to fungal particles and volatiles. Those particles could be hyphal elements as well as conidia. Conidia of Beauveria Paecilomyces and Verticillium are small enough to be inhaled by humans and can even reach the alveoli. Conidia of Metarhizium are larger and are likely to settle in the upper airways.

The impact to human health can be characterised as follows:

· Allergenic potential: Commercialised fungal BCAs have been reported to have a high allergenic potential.

· Toxic properties: Once fungal particles have settled they can release toxic compounds penetrating into the tissue. Additionally growing fungal cultures have the potential to emit volatiles which may cause risk to operators health.

· Risk of infection: Little is known about infection risk due to fungal BCAs. Only very few cases of deep infections have been reported unless the patient was immunocompromised. Furthermore keratomycoses have been reported especially when traumata served as portals of entry.

A survey to evaluate the exposure risk of fungal BCA’s to operators during production and application will be presented. Additionally first results of sampling viable airborne fungal particles during Melocont(-Pilzgerste production a commercial product based on B. brongniartii are discussed.

Biosafety considerations related to the development of fungal pathogens against chicken mites (Dermanyssus gallinae) in poultry farms

Tove Steenberg Ole Kilpinen and Jørgen B. Jespersen

The Danish Pest Infestation Laboratory, Skovbrynet 14, 2800 Kgs. Lyngby, Denmark

The haematophagous chicken mite is a major pest in European egg production facilities. There is a need for alternative control methods and we have shown that entomopathogenic fungi (Beauveria bassiana a.o.) infect chicken mites. Poultry farms are closed environments without extreme abiotic conditions and thus conducive for entomopathogenic fungi. Farms workers are frequently exposed to high levels of dust saprophytic fungi and gaseous ammonia. In addition chicken mites may cause puritic dermatosis in humans. The EU-financed CHIMICO project aims at developing a lure-and-kill device containing a mite-specific attractant and an arthropod-specific fungus. Application in a trap is expected to reduce the quantity of fungus inoculum. Such a reduction will not only lower the costs of treatment but also the potential negative impact on poultry humans and the environment a concern that was emphasized by the reviewing committee. The biosafety actions to be taken within the project will be discussed. 

Evaluation of human health risks caused by the biological fungicide Contans®WG

Stephan Brückner, 

Prophyta Biologischer Pflanzenschutz GmbH, Inselstrasse 12, D-23999 Malchow/Poel, Germany

Even though methods of biological crop protection are universally acknowledged as healthy and ecologically friendly techniques to prevent pests and diseases from culture crops generating a high economical and ecological benefit, producers and end users of microbial based biocontrol agents (BCAs) are increasingly confronted with indifferent and imprecise concerns about potential health and ecological risks of BCAs. These concerns are as much less comprehensible as no indications for health or eco toxicological risks of BCAs have been found during more than two decades of intensive scientific work on this field.

Registration of BCAs is one of the big obstacles for SMEs that are going to introduce those convenient biological or integrated systems into practice. Because no adequate and adapted guidelines for the (risk) evaluation of BCAs are available at an international level requirements have to be fulfilled that provide no, not all or no realistic information about the  behaviour and potential risks of BCAs. Money and time are wasted for several obligatory studies that are able to describe behaviour and effects of chemical compounds to human or ecosystems but not those effects of living micro organisms. 

The poster presentation will use the example of the biological fungicide Contans®WG to discuss expediency of current registration regulations in order to assess potential human and eco toxicological risks of BCAs. Toxicological data are shown and discussed emphasising its relevance and information content for a serious risk assessment. Comments and recommendations are given how evaluation processes can be adapted to provide relevant information to end users and consumers. Additionally industrial safety measures for the production of Contans®WG and comparable products are suggested and discussed.

Presentation of a future project: The fate of biopesticides in the 
human gut.

Tine Rask Licht1 Andrea Wilcks1 Hanne Rosenquist1 Sigrid R. Andersen1  Niels Bohse Hendriksen2 Bjarne Munk Hansen2 Lasse Smidt3 and Lars Andrup3.

1Division of Microbiological Safety Danish Veterinary and Food Administration Søborg Denmark 

2National Environmental Research Institute Roskilde Denmark

3National Institute of Occupational Health Copenhagen Denmark

A new project financed by the Danish Environmental Protection Agency will start in December 2003. The background and content of the planned project is as follows:

Microbiological pesticides are more and more commonly used in Denmark as well as internationally. Bacillus thuringiensis (Bt) is the active microorganism in about half of such products purchased in Denmark. The products consisting of spores formed by these bacteria are usually sprayed directly on to the plants. 

It is known that vegetative cells of Bt have the capacity to express enterotoxins, which cause diarrhoea in humans but it is difficult to evaluate the actual risk connected to consumption of Bt-treated vegetables. 

The purpose of the project is to investigate (i) whether the Bt spores germinate and subsequently establish as metabolically active cells in the gastro-intestinal tract (ii) whether heat-treatment of the spores prior to ingestion has an influence on their ability to germinate (iii) whether the presence of vegetative Bt cells affect the composition of the surrounding intestinal microflora (iv) whether vegetative Bt cells produce enterotoxic compounds in the intestine and (v) whether the Bt cells are capable of transfer of DNA to other bacteria present in the intestinal system.

The project will contribute importantly to the understanding of Bt’s life cycle in the mammalian intestine and of how the presence of Bt cells affects the human indigenous microflora. This will provide a large improvement of the knowledge platform used to evaluate the risks associated with microbiological pesticides based on Bt.

The replicon of Bacillus anthracis plasmid pXO2 is spread among B. thuringiensis strains

Gert B. Jensen1 Lasse Smidt1 Jacques Mahillon2 Karen Krogfeldt3 & Lars Andrup1
1National Institute of Occupational Health Denmark 2Université Catholique Louvain-la-Neuve Belgium 3Statens Serum Institut Denmark

[Presented at 5th International Conference on Anthrax in Nice France April 2003]
In Bacillus anthracis the main virulence factors are encoded on the two large plasmids pXO1 (181.6 kb) and pXO2 (96.2 or 94.8 kbp). Whereas the location of the replicon of plasmid pXO1 has so far not been determined in spite of the completion of the entire DNA-sequence the genetic basis of pXO2 replicon has been established by comparison with the replicon of pAW63 a 70 kb conjugative plasmid originating from B. thuringiensis subsp. kurstaki HD73 (Wilcks et al. 1999 J. Bacteriol. 181:3193 and Hoover abstract at the 2nd Intl. Workshop on B. cereus B. anthracis and B. thuringiensis Taos NM 1999). The replicon of pAW63 was sequenced and shown to contain an ORF sharing ca 40 % amino acid identity to the Rep proteins of the pAM(1 family of theta-replicating plasmids. The corresponding gene rep63A was found to be 97 % identical to the rep gene of pXO2. In addition the organization and sequence of two flanking ORFs were also found to be very similar.

We have used the sequence information from pAW63 and pXO2 (NC_002146 and NC_003981) to design PCR-primers for amplifying either the entire rep gene including the oriR locus located immediately downstream or a 1.4 kb rep internal fragment. Using the PCR products from B. anthracis - B. thuringiensis pXO2/pAW63 replicons as probes dot blot signals could be observed in 18 of the 100 B. cereus group strains tested: 17 B. thuringiensis strains among which the major commercial strain kurstaki HD1 the commercial strains used in Dipel( and BioBit( and the B. thuringiensis subspecies galleriae and alesti and one virulent B. anthracis strain (isolated in 1988 from a dead cow in Denmark). The rep sequence of this virulent B. anthracis strain was determined and compared to other known rep genes. All strains displaying similarity to the pXO2/pAW63 replicon were further characterized by plasmid analysis PCR RFLP and Southern blots. The occurrence of replicons nearly identical to that of pXO2 in B. thuringiensis strains underlines the forces of mobile genetic elements and the close relationship between the members of the B. cereus group. The relatedness among the rep sequences has also been analyzed and an overview of the distribution and organization in various strains will be presented.

A549-bioassay –An in vitro method for testing inflammatory effect on human lung cells after exposure to moulds

Sanne Johansson and Leila Allermann 

National Institute of Occupational Health, Lersø Parkallé 105, DK-2100 Copenhagen Ø, Denmark

Massive exposure to moulds in the indoor climate as well as in agriculture are often associated with respiratory health effects on humans. From the food industry we know that even small amounts of mycotoxins from some mould may be toxic and cause a great health risks if ingested. The same moulds grow in moisture- and water damaged buildings and can therefore be a potential hazard to humans. There is a limited knowledge about the mycotoxins when grown at building materials and under which conditions they are produced.  

The aim of this project was to investigate biological activity from different moulds when grown on building materials under different moisture conditions. This presentation is a part of a master project made on DTU, Danish Technological Institute and the National Institute of Occupational Health (AMI), where the work at the AMI will be presented here. 

A cell method was used for toxicological evaluation of the ability of different compounds to provoke an inflammatory response on the human lung epithelial cell line (A549). It was tested whether moulds isolated from building materials had the ability to cause an inflammatory response on the A549 cells measured as IL-88 release after 24 hours.

The moulds tested were Chaetomium globosum, Wallemia sebi and Eurotium amstelodami. All three moulds hade the ability to give IL-8 release the human lung cells although cell dead often occurred after exposure to a large amount of moulds. 

The A549-bioassay will also be applicable for testing effects of moulds from biocontrol products.

Can the Entomopathogenic Fungi be Hazardous - In Natural Habitats?
Stanisław Bałazy1 Cezary Tkaczuk2 Robert Cysewski1

1 Research Centre for Agricultural and Forest Environment PAS Poznań Poland

2 Academy of Podlasie Department of Plant Protection Siedlce Poland

Entomopathogenic fungi are an important group of organisms considered in the integrated pest management (IPM). Rigorous requirements concerning human health protection and avoidance of harmful environmental effects both in production and field application of fungous biopesticides have not considered as yet natural sources of infective material in different habitats. In relation to numerous strains of about 15 species considered actually in IPM programs about 250 entomopathogenic species of Entomophthorales Hyphocreales and Deuteromycetes have so far been reported in terrestrial ecosystems of Europe. Moreover almost completely neglected are so called entomophilic fungi non- or only weakly pathogenic which however prefer dead arthropods as the substrates for their development and usually accompany their dying in natural habitats (mostly of the genera Acremonium Acrodontium Alternaria Aspergillus Cladosporium Gliocladium Fusarium Mucor Penicillium Scopulariopsis Verticillium and others). Both the above entomopathogenic and entomophilic fungi are characterized by high reproductive potential and anemochorous zoochorous or hydrochorous mode of dissemination thus they represent  some potential to contribute to allergic infective or toxic effects in warm-blooded. Quantitative fluctuations of propagules produced by them depend principally on diversity and density of potential host-arthropods climatical conditions (mostly humidity) during vegetation season and microclimatic characteristics of particular habitats. Outbreaks of insects or mites longer (1 week or more) rainy periods in summer and autumnal increase of relative humidity favour strong sporulation of these fungi which in some cases may appear hazardous for field or forest workers as well as for visitors of some patches of nature reserve areas where the abundance of entomopathogenic fungi is usually the greatest.

Risk assessment of biological agents based on a human whole blood assay

Bert-André Zucker Gunter Linsel Stefan Fennrich

Free University of Berlin Federal Institute for Occupational Safety and Health University of Konstanz
Bioaerosols consist of microorganisms and particles of biological origin and may be very complex in nature. Exposure to bioaerosols can induce pulmonary diseases and subjective symptoms in humans and animals. Some of these diseases are of inflammatory origin such as toxic pneumonitis or chronic bronchitis. Endotoxins proved to be a risk factor. One way of risk assessment of bioaerosol exposure is based on the determination of airborne endotoxin concentration using the Limulus amebocyte lysate assay (LAL). However the value of the Limulus reaction to characterise the risk in mammals is under discussion for various reasons:  1) the LAL assay is based on the coagulation reaction of amebocytes of a crab and may not reflect the inflammation reaction in mammals 2) the LAL assay  is limited to the detection of endotoxins. 

In this study we compared the activity of typical components of bioaerosols and dust samples from animal houses measured by LAL assay and a human whole blood cytokine response. Endotoxins are the most potent elicitors of limulus amebocyte coagulation as well as the most potent activators of monocytes. However there are considerable differences between the ability of endotoxins from different gram-negative bacterial species to induce limulus amebocyte coagulation and monocyte activation. For instance the LAL assay overrates the inflammatory activity of Pseudomonadaceae and Neisseriaceae compared to Enterobacteriaceae. Furthermore it has to be considered that besides endotoxins other microbial components such as components of gram-positive bacteria or fungi are also able to induce inflammatory reaction in the respiratory tract by activation of various cells especially macrophages. However the potential role of these components in the inflammatory process induced by bioaerosols cannot be evaluated using the LAL assay. Since the activation of cells initiates and modulates the inflammatory process in the respiratory tract it is likely that the coagulation of limulus amebocytes reflects this process only in part.

The determination of the potential of bioaerosols or biopesticides to activate pulmonary macrophages by using whole blood could offer new perspectives in exposure and risk assessment and following advantages: 

1) Detection of a broad spectrum of inflammation-inducing substances and 

2) risk assessment using a system that is relevant to the exposed species. 

Danish Centre for Biological Control

Jørgen Eilenberg 1 Annie Enkegaard 2 Niels Bohse Hendriksen 3 Dan Funck Jensen 1 Jørgen B. Jespersen 4 John Larsen 2 Anne Mette Madsen 5
1: The Royal Veterinary and Agricultural University 

2: The Danish Institute of Agricultural Sciences 

3: The National Environmental Research Institute 

4: The Danish Pest Infestation Laboratory 

5: The National Institute of Environmental Health

E-mail address of senior author: jei@kvl.dk 

Danish Centre for Biological Control was established 2003 and aims to support the development and use of biological control in Denmark and internationally based on principles of ecological sustainability. Focus is on:

· Biological research and development of products for release

· Biological research to enhance natural regulation

· Risk assessment

· Teaching and other dissemination

The centre will consider biological control of all groups of damaging organisms: pest insect mites and slugs; plant diseases; mammals; weeds and endoparasites.

The centre consists of the core groups in Denmark who have a broad established net-work co-operation with other national and international research groups companies and authorities.

In the period 2003-2005 the centre will organise workshops on different aspects of biological control. The centre is in this period funded by FELFO.

http://www.Centre-biological-control.dk (English version)

http://www.Center-biologisk-bekaempelse.dk (Danish version)
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