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Resistant fungi are a ticking time bomb1  
 
Resistant fungi are a new threat to public health. This is a challenge for agriculture and horticulture 
in the Netherlands and elsewhere  
 
 
Resistant fungi 
With all the commotion surrounding antibiotic-resistant bacteria, little attention has been paid to a similar, 
emerging problem: fungicide-resistant fungi. During the last decade, strains of the fungus Aspergillus 
fumigatus that are resistant to the group of azole fungicides have been encountered more and more 
frequently in hospitals in the Netherlands and some other countries. These strains can no longer be 
controlled and they cause a variety of syndromes ranging from allergies to life-threatening infections. 
According to Paul Verweij, Professor of Microbiology at Radboud University, one patient per week on 
average dies in the Netherlands as a result. This is truly alarming.   
 
Origin 
Where do these azole-resistant strains originate? Among other things, azoles are used to treat skin infections 
in animals and as components of cleaning products, sealants in bathrooms, wallpaper paste, shampoo and 
cosmetics. In Dutch healthcare, approximately 400 kg of azoles are used annually. This is negligible 
compared with the 130,000 kg of azoles used as fungicides in Dutch agriculture, especially in winter wheat, 
sugar beets and tulips. Some compounds in this group, such as epoxiconazole (a component of Allegro, 
Opera, Venture and other products) and tebuconazole (a component of Folicur and Prosaro) are applied to 
more than 50,000 hectares. Such products are used to combat at least 23 species of fungi. Altogether, 
agriculture and horticulture are probably the most important sources of resistant strains. Incidentally, azoles 
are not used against Phytophthora infestans - the pathogen that causes potato blight. Verweij is particularly 
interested in greenhouse horticulture due to the higher and more constant temperatures under which plants 
are grown. This is even more interesting because the temperature regime is very similar to that in homes and 
in buildings such as hospitals. A nightmare scenario is offered by the hazardous EHEC bacterium, which 
was found in 2010 in sprouted seeds in Germany and France. These sprouts are sometimes grown at 37°C - 
the ideal temperature for strains that thrive in the human body.  
 
Pathways 
But how do these fungi or their spores end up in hospitals? In theory, this is possible via three pathways: the 
food chain, direct contact and airborne. The airborne pathway appears to be the most important, because the 
fungus is encountered at many locations, especially in soil, house dust, plant residues and compost. Spores 
are disseminated over large distances by the wind. People can therefore be contaminated in many ways.  
 
Other risks 
Fungicides have other risks as well, first of all for agriculture itself. Agricultural fungi can also become 
resistant. Although this risk is taken into account in the Netherlands when fungicides are authorised by 
limiting the number of applications per growing season, it is unclear whether this measure is sufficient. 
Moreover, fungicides can kill useful soil fungi, such as mycorrhizas, which have been shown to have a 
beneficial effect on crops such as potato, onion and strawberry. Second, some azoles are environmentally 
hazardous. Although few cases are known of azoles exceeding the Dutch standards for drinking water, 
groundwater or surface water, this does not say very much since the substances are not always included in 
water quality monitoring. According to the environmental yardstick for pesticides developed by CLM, three 
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azoles are hazardous for soil life and/or groundwater. Third, fungicides are hazardous to human health, 
including a risk of endocrine disruption for the applicator and other people in the immediate vicinity. The 
risk for fungicide applicators is low as long as they comply with the legal conditions for use, but not 
everyone does. Finally, there is also a risk for consumers: azole residues are sometimes found in fruit and 
vegetables in Dutch supermarkets. The maximum residue limit (MRL) is occasionally exceeded in domestic 
products such as currants, tomatoes, onions, leeks and cabbage as well as in imported products such as 
oranges.  
 
Options 
Resistant fungi are a ticking time bomb. It is in the interest of both public health and agriculture that this 
time bomb is defused as quickly as possible. The most important challenge is reducing the use of azole 
fungicides. This could take place in various ways:  
• Phytosanitary measures: using healthy reproduction material and working crop residues back into the 

soil. 
• Supervised control: using fungicides only when and where they are truly needed.  
• Replacing azoles with other fungicides or with natural substances such as slaked lime (calcium 

hydroxide). This reduces the public health risk, but can create new resistance problems for agriculture.  
• Using fungus-resistant crop varieties. This is effective, but often only temporarily. Sooner or later, the 

fungus can break through plant resistance.  
• Biological control using antagonists, primarily yeasts and bacteria such as Streptomyces griseoviridis. 

The advantage of this approach is that if the fungus becomes resistant, there is a realistic chance that the 
bacterium or yeast will also adapt and thereby retain its effectiveness. This promising approach is still in 
its infancy. Investing in research and innovation in this area appears to be a wise decision. 

 
Plan 
In any case, it is crucial that Dutch agricultural and horticultural organisations, along with other parties in 
the chain, join forces and prepare a Master Plan for Fungus Control. A similar approach was successful in 
the potato sector (the Phytophthora Umbrella Programme), and has recently been introduced in the livestock, 
meat and dairy sectors regarding the use of antibiotics. In recent years, the government has cut 60% of its 
funding for research into integrated pest and disease management. New public and private investment is 
therefore urgently needed.  
 
Pitfalls 
Two pitfalls must be avoided. First of all, the pesticide industry must not be allowed a say in the research 
and development agenda. This industry is primarily interested in patents, and these are much easier to obtain 
on chemical products than on biological ones. Second, a non-compulsory approach without sanctions is not 
enough. Instead, farmers and growers must have effective incentives for them to replace azoles and other 
fungicides with different products and methods. A great deal is at stake, both for public health and for the 
image of agriculture and horticulture in the Netherlands as well as elsewhere.  
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