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Oral Transmission of Prion Disease Is Enhanced by Binding to Soil Particles
Johnson, C; Pedersen, J; Chappell, R; McKenzie, D; Aiken, J
University of Wisconsin - Madison, USA

 

 


A long-unanswered question in prion biology is how certain transmissible spongiform
encephalopathies (TSEs), such as sheep scrapie and cervid chronic wasting disease,
spread from animal to animal. Anecdotal evidence and controlled field experiments
have suggested the presence of an environmental TSE reservoir. 

 

We, and others, have speculated that soil may harbor TSE agent in the environment and allow its transfer to naïve hosts. TSE infectivity can persist in soil for years, and we previously
demonstrated that the disease-associated form of the prion protein binds to soil particles and that prions adsorbed to the common soil mineral montmorillonite (Mte) retain infectivity following intracerebral inoculation. 

 

We assessed the oral infectivity of Mte- and soil-bound prions and found that prions bound to Mte are orally bioavailable
and that, unexpectedly, binding to Mte significantly enhances disease penetrance and reduces incubation period relative to unbound agent. 

 

Cox proportional hazards modelling revealed that across the doses of TSE agent tested, Mte increased the effective infectious titer by a factor of 680 relative to unbound agent. 

 

Oral exposure to Mte-associated prions led to TSE development in experimental animals even at doses too low to produce clinical symptoms in the absence of the mineral. We tested the oral
infectivity of prions bound to three whole soils differing in texture, mineralogy and organic carbon content, and found soil-bound prions to be orally infectious. 

 

Two of the three soils increased oral transmission of disease, and the infectivity of agent bound to the third soil was equivalent to that of unbound agent. Enhanced infectivity of soilbound prions may explain the environmental transmission of some TSEs despite the presumably low levels shed into the environment.
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Survival of PrPSc (prions) during Simulated Wastewater Treatment Processes
Pedersen, J1 ; Hinckley, G1 ; McMahon, K2 ; McKenzie, D3 ; Aiken, JM3
1 University of Wisconsin, Soil Science/Civil and Environmental Engineering, USA;
2 University of Wisconsin, Civil and Environmental Engineering, USA;
3 University of Wisconsin, Comparative Biosciences, USA


Concern has been expressed that prions could enter wastewater treatment systems through sewer and/or septic systems (e.g., necropsy laboratories, rural meat processors, private game dressing) or through leachate from landfills that have
received TSE-contaminated material. Prions are highly resistant to degradation and many disinfection procedures raising concern that they could survive conventional wastewater treatment. 

 

Here, we report the results of experiments examining the partitioning and survival of PrPSc during simulated wastewater treatment processes
including activated and mesophilic anaerobic sludge digestion. We establish that PrPSc can be efficiently extracted from activated and anaerobic digester sludges with 1% sodium dodecyl sulfate, 10% sodium undecyl sulfate, and 1% sodium N-lauryl sarcosinate. 

 
Activated sludge digestion does not result in significant degradation of
PrPSc . The protein partitions strongly to the activated sludge solids and is expected to enter biosolids treatment processes. A large fraction of PrPSc survived simulated mesophilic anaerobic sludge digestion. 
 

Our results suggest that if prions were to enter municipal waste water treatment systems, most of the agent would partition to activated sludge solids, survive mesophilic anaerobic digestion, and be present in
treated biosolids. Land application of biosolids containing prions could represent a route for their unintentional introduction into the environment. Our results argue for excluding inputs of prions to municipal wastewater treatment facilities that would result in unacceptable risk of prion disease transmission via contaminated biosolids.
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Resistant prions

A flock of sheep at pasture – a seemingly idyllic scene. But appearances can be deceptive: If the animals are suffering from scrapie, entire flocks may perish. Scrapie is an infectious disease in which prions destroy the animal's brain, rather like BSE. The brain becomes porous, the sheep lose their orientation, they suffer from strong itching sensations and scrape off their fleece. Eventually, the infected animals die.

It is difficult to contain the disease – all too often, scrapie will break out again on the same farm several months or years after it has apparently been eradicated. Are the prions transmitted not only by direct contact, but also by the environment – perhaps by the pastures? How long do prions that get into the pasture via the saliva and excrements of the sick animals, persist in the ground? 

Together with fellow-scientists from the Robert Koch Institute in Berlin and the Friedrich Loeffler Institute (Federal Research Institute for Animal Health) on the island of Riems, research scientists from the Fraunhofer Institute for Molecular Biology and Applied Ecology IME in Schmallenberg investigated these questions on behalf of the German Ministry for Environment, Nature Conservation and Nuclear Safety BMU. "We mixed soil samples with scrapie pathogens to find out how long the pathogens would survive," says Dr. Björn Seidel, who headed the investigations at IME. "Even after 29 months, in other words more than two years, we were still able to detect prions in the soil." But are these prions still infectious? "The soil actually seems to increase the infectiousness of the pathogens. The incubation period – the time it takes for the disease to break out – is exceedingly short even after the prions have persisted in the soil for 29 months. All of the animals that were given contaminated soil became sick within a very short time. 

These results indicate that fresh incidences of scrapie among sheep are due to contaminated pastures," says Seidel in summary. The results of the study reveal that sheep may even become infected from the surface water, though the risk of infection is much lower in this case. There is no danger to humans, however: scrapie pathogens seem unable to affect them.
Another cause for concern is chronic wasting disease (CWD). Like BSE and scrapie, this is caused by prions, but it mainly affects deer. The numbers of infected animals in North America are rising steeply. How long do BSE and CWD prions survive in the ground? "To find this out, we urgently need to carry out further tests. The appropriate research applications have already been submitted," says Seidel. 
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