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DATE:
April 15, 2003

TO:
Tom Hauge, Director, Bureau of Wildlife Management
FROM:
Sean M. Strom,  DNR Wildlife Toxicologist

SUBJECT:
Alternative CWD Hypotheses: The Role of metals such as cadmium, copper, and manganese

Chronic wasting disease (CWD) is a nervous system disease of deer and elk that belongs to the family of diseases known as Transmissible Spongiform Encephalopathies (TSE). As the name implies, this disease is transmissible, indicating that it can be spread from one animal to another. Metal deficiencies, as well as excess levels of metals, are not transmissible from one adult animal to another. Because the current state of the science indicates that CWD is transmissible, it would not be prudent for the Department to support other minority theories. 

Chronic wasting disease is both infectious and contagious, but specific details on the transmission of the disease are not well-understood (Williams et al. 2002). However, science suggests that contact between infected and non-infected animals via saliva, urine, and feces is the most likely route of transmission. Data from captive cervid studies (Williams et al. 2002) and field data from wild cervids provide strong evidence that animal-to-animal transmission is the primary form of infection in susceptible animals. In addition, the cluster-like pattern of disease in Wisconsin is strongly indicative of an infectious disease. 

The following provides information regarding various alternative hypotheses involving metals and CWD. 

1. Regarding the relationship between manganese and copper being a causative agent for CWD?

A hypothesis that has received attention involves the theory that high levels of manganese in conjunction with low levels of copper play a role in the onset of disease. Indeed, there has been some interesting research recently examining the relationship between cellular levels of manganese and copper with prion protein function. Although it may be possible such environmental factors play a role as a co-factor in the development of clinical disease, there are no data that supports the hypothesis that this relationship is the causative agent. Much more research needs to be done examining the potential confounding effect of manganese/copper levels and CWD.

2. Is it possible that conditions described in the Mn-Cu hypothesis exist in southern Wisconsin where CWD was found?

It is unlikely since the buffering capacity of the soil and water in southwestern Wisconsin would likely decrease the bioavailability of metals such as manganese. Furthermore, it has been suggested that pine needles make up a significant portion of the diet of deer and elk in the CWD endemic area of Colorado and these pine needles contain excessive concentrations of Mn (although there is no basis for this statement) and this exacerbates the high Mn-low Cu scenario. It is unlikely that pine needles make up a significant portion of the diet of deer in southern Wisconsin. 
3. What data exists to support these theories?

Very little hard scientific evidence has been provided to support these hypotheses. No regimented lab studies have been carried out supporting these hypotheses. The majority of the data presented in publications by Mr. Mark Purdey is circumstantial in nature. 
In addition, much of his work examining the relationship between Mn and Cu in TSEs lacks any sort of statistical tests with regards to data analysis. Yet, statements are made classifying some areas of having excessive Mn or deficient Cu. What are these statements based on? Furthermore, in testing the theory of Mn-Cu interaction, only soil and plant tissue has been tested. There has been no analysis of tissue from elk or deer - something very important when dealing with food-chain issues such as this. 

4. Cadmium Toxicity

Cadmium (Cd) is a naturally occurring metallic element that is found in trace quantities throughout the environment. Cadmium has no known biological function and is not a nutritionally required element. It has been hypothesized that CWD positive deer are actually suffering from cadmium toxicity rather than a Transmissible Spongiform Encephalopathy (TSE). 

Without question, cadmium is a toxic metal that can cause serious health problems if exposed. However, incidences of acute cadmium toxicity or cadmium poisoning in wildlife are extremely, extremely rare. In fact, a search of the literature failed to produce a single occurrence of cadmium poisoning in mammalian wildlife. 

Recently, liver and kidney tissue from CWD positive game farm deer were analyzed for cadmium along with other metals. Cadmium was detected in only one of the kidney samples submitted for analysis (Level of Detection 0.1 ppm) Similarly, cadmium was only detected in two liver samples (both samples detected at 0.1 ppm). However, even in the samples where cadmium was detected, the levels were just above detection and were far below the toxic concentration in mammals of 100 ppm wet wt. It is obvious after examining these data that these deer were not exposed to toxic levels of cadmium. 

Cadmium concentrations have been documented in a wide variety of North American cervids including: white-tailed deer (Musante et. al., 1993, Stansley et. al, 1991, Glooschenko et al. 1988 and Crete et al., 1987), elk (Parker and Hamr, 2001), and moose (Glooschenko et al., 1988). In none of these studies do liver or kidney cadmium concentrations reach levels considered to be toxic (100 ppm wet wt. or 500 - 1000 ppm dry wt.). Parker and Hamr (2001) examined metal levels in tissues of elk living near smelters in Sudbury, Ontario. Results indicate that even though these elk were living in close proximity to an area contaminated with metals (including cadmium), liver and kidney levels did not approach the toxic concentration. A significant age dependent increase was observed in the elk but this would be expected since cadmium is accumulated and sequestered in the liver and kidney. 

If deer in southwest Wisconsin were indeed succumbing to cadmium poisoning, there would have to be an acute source of such exposure. No such source has been identified or even suggested. Furthermore, if CWD was in fact cadmium poisoning (or any other metal), one would expect an extremely high number of cases in the "mineral belt" of Colorado where historic hard rock mining has resulted in numerous waste sites and tailings piles heavily contaminated with metals including cadmium. However, few cases have been found in these areas. In addition, the CWD endemic area in Colorado, where the disease is most prevalent, is in an area with few historic mining operations and relatively low levels of metals compared to other areas. This is contrary to the cadmium hypothesis. 

There is no question that deer in southwestern Wisconsin have the ability to accumulate cadmium - all animals have this ability. However, it is clear from past data that it is extremely, extremely unlikely deer from the CWD zone have accumulated toxic or lethal levels of cadmium. Considering what we know about the cadmium levels in cervids, the toxic threshold concentration for cadmium, and the absence of reported cases of mammalian cadmium toxicity, we can confidently state that deer from the CWD zone are not exposed to toxic levels of cadmium.

5. Comments on Dr. Murray McBride's Review Paper

Dr. Murray McBride, a soil scientist from Cornell University authored a non peer-reviewed, unpublished review paper regarding the hypothesis of a nutritional or environmental theory of TSEs. Dr. McBride supports the suggestion that sporadic TSEs are initiated by trace metal imbalances in soil and food chains, particularly excess manganese and deficient copper. Dr. McBride suggests that CWD is caused by a micronutrient abnormality (deficient Cu or excess Mn) and this results in the formation of the abnormal prion and subsequent neurological degeneration. 
The review is quite thorough such that the article explores numerous avenues associated with the disease including potential origins of the disease, neuropathology of TSEs and Cu deficiency and the transmissibility of the disease. Although the article provides intriguing arguments and even speculation regarding the role of environmental factors and CWD, it does not produce or describe any scientific evidence that would cause us to abandon the current science. It is true that there is much that we don't know about this disease and more science is needed to investigate the potential relationships between environmental factors and clinical disease. However, the best science to date strongly indicates that CWD is a prion disease that is transmissible from one animal to the other. 

The article questions the transmissibility of TSEs suggesting that most disease transmission experiments actually illustrate an autoimmune response and not disease transmission. As previously mentioned in this document, the best science currently available (both field and captive studies) indicates that CWD is a prion disease that can be transmitted from one animal to another. The cluster-like pattern of disease in Wisconsin further supports the data that CWD is an infectious, transmissible disease. Until science identifies an alternative causative agent or proves that the disease is not transmissible, it would be irresponsible for the Department to deviate from the current science-based response. 
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