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Abstract: This article summarises efforts at disease surveillance and risk
management of chronic wasting disecase (CWD). CWD is a fatal
neurodegenerative disease of cervids and is considered to be one of the most
contagious of the transmissible spongiform encephalopathies (TSEs). Evidence
has demonstrated a strong species barrier to CWD for both human and farm
animals other than cervids. CWD is now endemic in many US states and
two Canadian provinces. Past management strategies of selective culling, herd
reduction, and hunter surveillance have shown limited effectiveness. The initial
strategy of disease eradication has been abandoned in favour of disease control.
CWD continues to spread geographically in North American and risk
management is complicated by the presence of the disease in both wild
(free-ranging) and captive (farmed) cervid populations. The article concludes
that further evaluation by risk managers is required for optimal, cost-effective
strategies for aggressive disease control.

Keywords: chronic wasting disease; CWD; surveillance; cervids; transmissible
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1 Introduction

“We feel that the current program that we have had in place for chronic wasting
disease ... is not effective in achieving its goals”, said Penny Greenwood,
national manager of domestic disease control for the Canadian Food Inspection
Agency. “This is a disease that is now established in wildlife, and when you
have a disease that is established in a wildlife reservoir, it is always extremely
difficult to eliminate it. We have to realize that we may not be able to eradicate
this disease currently from Canada, given that we don’t have any effective
tools, so we may be looking at switching from eradication to control”, said Ms.
Greenwood. (Canadian Press, 2013)

This statement appears in a news report from mid-June 2013, and it reflects well the
severe challenges faced by risk managers, in both Canada and the USA, in their effort to
find an effective risk management response to chronic wasting disease (CWD). CWD is a
fatal neurodegenerative disease of various species of animals in the cervid family, which
includes deer, elk, reindeer, caribou and moose. The disease is most prevalent among
deer species, affecting in particular mule deer, but also black-tailed deer and white-tailed
deer. CWD belongs to a group of related neurodegenerative diseases called transmissible
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spongiform encephalopathies (TSEs), a group which also includes bovine spongiform
encephalopathy (BSE), scrapie and variant Creutzfeldt-Jakob disease (for recent review
see Haley and Hoover, 2015). CWD is prevalent in both farmed and wild cervids and is
considered to be one of the most contagious forms of TSE known (Miller and Williams,
2002).

1.1 CWD monitoring

Disease surveillance in North America has provided some qualitative assessments of the
overall risk of CWD in Canada and the USA. A combined map of disease distribution for
both wild and captive cervids in North America has been reproduced in Figure 1 (USGS,
2016). As of April 2016, CWD has been detected in many US states (23 states as of
September 2016) and two Canadian provinces (CWDA, 2016a). The first case of CWD
detected outside of North America was in a seven-year-old male elk exported from a
Saskatchewan farm to South Korea in 1997 (Sohn et al.,, 2002). The European
Commission has also established surveillance, sampling and testing protocol for CWD in
cervids (Andreoletti et al., 2010). The first case of CWD diagnosed in Europe was in a
female reindeer in March 2016 (Rangifer tarandus tarandus) by the Norwegian Institute
for Nature Research (CWDA, 2016b).

Figure 1 Geographical distribution of CWD in North America (see online version for colours)

4 Distribution of Chronic Wasting Disease
7 in North America

[EE0 cWDin free-ranging populations
Known distribution prior to 2000

L (free-ranging)
== ., CWDin captive facilities
= USGS . ©  (Gepopulated)
scionc for 8 changiog workd : | o CWD in captive facilities
National Wildlife Health Center S e % = ® (current)
Madison, Wisconsin T \
Updated March, 2017 | ST

All locations are approximations based on best-available information

Source:  USGS (2016) (courtesy of the US Geological Survey),
http://www.nwhc.usgs.gov/images/cwd/cwd_map.jpg



282 W. Leiss et al.

1.1.1 The USA

The first identification of CWD as a clinical disease anywhere in the world occurred in
the USA at a state research facility in Fort Collins, Colorado in 1967, and the first case in
a wild cervid (an elk) was found in 1981, also in Colorado. The US Centers for Disease
Control and Prevention have prepared a detailed county-by-county list showing the
distribution of CWD in wild deer and elk cervids in that country. As of January 2016, 21
US states have positive CWD cases in the wild and the disease is expected to continue to
spread (CDC, 2016). The US Federal Government has concentrated on the development
of increasingly precise surveillance methods for CWD (USGS, 2012), and states have
sought to develop ‘CWD management response plans’ (examples are Wisconsin
Department of Natural Resources, 2010; Michigan Department of Natural Resources,
2012; Illinois Department of Natural Resources, 2014; Texas Parks and Wildlife, 2016).

As of 30 September 2015, CWD has been confirmed in 16 States among farmed
cervids; a total of 70 herds have been affected (USAHA, 2015). The US Department of
Agriculture, Animal and Plant Health Inspection Service (APHIS) has focused on the
National CWD Herd Certification Program (HCP) as a national approach to minimise
CWD spread in domestic cervid herd populations by implementing national herd
certification standards, such as fencing, regular inventories, individual animal IDs, and
CWD testing of all cervids that die and are over 12 months. When herds are CWD
disease free for five years, the herds can then be certified and considered to be low risk
for CWD. All animal movement must be within herds that are participating in the
certification program. The first edition of the CWD program standards was published in
2012, with the final version published in 2014 after extensive review and stakeholder
input. As of January 2015, 29 states are participating as approved states in the national
CWD HCP (APHIS, 2015).

1.1.2 Canada

In 1996, CWD was diagnosed on a Saskatchewan elk farm. Farmed elk exported from the
USA in the late 1980s were believed to be responsible for the entry of CWD into
Saskatchewan (Kahn et al., 2004). The actual first case of a captive cervid displaying
CWD in Canada occurred in 1978 in a mule deer at a Toronto zoo, but the case remained
undiagnosed until 2006 (Dubé et al., 2006). Since 2002, CWD has been a reportable
disease in Canada under the Health of Animals Act, which is under the jurisdiction of the
Canadian Food Inspection Agency (CFIA). Federal regulations on CWD focus on this
disease only among farmed animals, including potential transmission through deer and
elk antler velvet (Angers et al., 2009), a commercial product from cervid farms. When
CWD is reported on a farm it is placed under quarantine and the remaining animals are
destroyed and sampled for the disease. Surveillance and tracing of all animals that came
into the farm and left the farm in the 3660 months prior to infection is important for
disease containment (Kahn et al., 2004). Under this policy, the CFIA depopulated over
7,500 farmed elk and deer in Canada, at which time compensation was paid to the owners
of CWD-affected farms (CFIA, 2016).

Most of the cases of CWD among farmed cervids (deer and elk) in Canada have
occurred in the province of Saskatchewan. The Canadian Food Inspection Agency
website (CFIA, 2016) lists a total of 77 herds of captive or farmed cervids where CWD
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has been detected for the period 1996 to 2015, including three herds in year 2016. Only
two of those farmed cases occurred in Alberta, and the rest in Saskatchewan.

Federal authorities in Canada have also formulated a herd certification program to
identify disease-free operations, which farm owners may choose to enter voluntarily. The
provinces of British Columbia (B.C.), Alberta, Saskatchewan, Manitoba, and Ontario also
require animal tracing and documentation and follow quarantine, depopulation and
decontamination management policies for farmed cervids. So far B.C., Manitoba and
Ontario have not reported any indigenous cases of CWD in either farmed or wild
animals.

The first case of CWD found in the wild cervid population in Saskatchewan was
reported in a mule deer in 2000; the first wild elk was detected in 2008, and the first
moose was detected in Alberta in 2013. Saskatchewan’s ‘Cervid Chronic Wasting
Disease (CWD) Surveillance Program’ became mandatory in 2001. Surveillance of wild
cervid populations in Saskatchewan from 1997 to Fall 2012 yielded a prevalence rate of
under 1%. The hunter surveillance program was discontinued in 2012. After 2012, only
diagnostic samples were examined by the province and yielded a prevalence of ~11%
(CWHC, 2015).

In the Province of Alberta, the species at greatest risk are mule deer and white-tailed
deer (only one case of CWD in a moose). The province undertakes disease surveillance
and testing, based on samples submitted by hunters, and also collects farmed animal
movement information. Most of the cases detected so far in the province have been
concentrated in a region of southeastern Alberta on the Saskatchewan border, but as of
2014 the disease range was spreading to the northeast. There has been an increase in
disease prevalence from 2.1% to 2.4% in mule deer in fall of 2015 (Alberta Environment
and Parks, 2016). The impacts on hunters in the province have been varied, with some
negatively affected by CWD (to the extent that they may no longer participate in the
activity) and others not affected at all (Zimmer et al., 2011, 2012).

The B.C. Ministry of the Environment released its ‘British Columbia Chronic
Wasting Disease Risk Assessment’ in May 2008 (British Columbia Ministry of the
Environment, 2008). B.C. has been carrying out CWD surveillance of wild cervids since
2002; testing is focused on samples from the Peace and Kootenay Management Regions
that border Alberta, since these areas were estimated to be the most likely routes of CWD
introduction into the province. The assessment considered direct and indirect
consequences of CWD including changes to cervid population numbers and
sustainability, associated environmental changes, economic consequences (hunting and
other nature-related activities), and impacts to cultural and traditional practices.

To date, Manitoba has not reported any cases of CWD. There is ongoing surveillance
and the province has examined ‘more than 2,300 deer and 1,400 elk carcasses, all of
which have tested negative’ (Government of Manitoba, 2016). The Province of Ontario
released its comprehensive ‘Chronic Wasting Disease Surveillance and Response Plan’ in
November 2005, and a similar program for farmed cervids in the following year; as of
May 2016 no case of CWD in free-ranging or commercially-farmed cervids had been
reported in Ontario (OMNR, 2016). (The only cases in Ontario have occurred in captive
mule deer at the Toronto Zoo.) However, since the disease has been found in a number of
adjacent or nearby US states, Ontario has established an annual rigorous surveillance and
testing program to monitor CWD, together with a risk model that identifies high-risk
areas of the province for enhanced surveillance (Rosatte et al., 2014).
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In summary, taking North America as a whole, CWD distribution has occurred in two
phases (see the detailed timeline at CWDA, 2016a): During Phase I, for the first 29 years
following the index case (1967—-1995), the disease was found only in the two Western US
states of Colorado and Wyoming; during Phase II, the next 19 years (1996-2014), the
disease range expanded dramatically, reaching an additional 21 US states — extending to
the northeastern and southwestern borders of the nation — and two Western Canadian
provinces. The long-term trends in the geographical distribution of the disease in North
America are shown in Figure 2.

Figure 2 The long-term trends in the geographical distribution of CWD in North America
(see online version for colours)
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Notes: The primary source for Figure 2 is the complete timeline of CWD cases in North
America found in CWDA (2016a), including both wild and captive species. In
Canada, the two provinces of Saskatchewan and Alberta have cases in both wild
and captive cervids. In the USA, a total of ten states also have both types:
Colorado, Iowa, Minnesota, Missouri, Nebraska, New York, Pennsylvania, South
Dakota, Wisconsin and Wyoming. Another ten states have reported wild cases
only: Illinois, Kansas, Maryland, Ohio, New Mexico, North Dakota, Utah,
Virginia, West Virginia and Texas. The final three have reported cases in captive
herds only: Michigan, Montana, and Oklahoma. The total number of separate
‘instances’ of CWD in North America, combining wild and captive types of
cervids, is therefore 37.

Source:  CWDA (2016a)

2 Hazard characteristics of CWD in North America

Many considerations are involved in the spread of CWD, such as (for review see Haley
and Hoover, 2015):

e horizontal transmission

e vertical transmission

e environmental transmission
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e genetic influence on CWD disease pathogenesis
e intra-species susceptibility.

Epidemiological, animal, and mutagenic studies have demonstrated a strong species
barrier to CWD in humans (Kong et al., 2005; Race et al., 2009; Wilson et al., 2012);
thus the probability of risk for human zoonotic infection is low (Kong et al., 2005).
Research studies have also demonstrated that cattle, sheep, and goats remain uninfected
after close contact with infected cervids (Belay et al., 2004). Direct intra-cerebral
inoculation with mule deer CWD leads to a 38% infection rate among cattle, suggesting a
natural, strong species barrier to CWD. On the other hand, intracerebral inoculation with
white tailed deer CWD results in an 85% infection rate in cattle, suggesting that some
cervid prion strains have more potential to cross the species barrier than others
(Sigurdson, 2008).

Another cervid that is likely to acquire CWD in future is the northern caribou
(Tyshenko et al., 2016), since oral exposure has resulted in disease transmission in
reindeer, a close relative to the caribou (Mitchell et al., 2012). Genotype analysis has
found that caribou PRNP alleles (alleles that are strongly associated with disease
prevalence) are nearly identical to those of elk, moose, white-tailed deer and mule deer.
In addition, caribou migratory and herd ranges over-lap with mule deer, white-tailed deer,
elk and moose ranges in both Alberta and Saskatchewan (Happ et al., 2007; Li et al.,
2007).

Ante-mortem CWD detection and surveillance detection methods (Haley et al., 2012;
Haley and Hoover, 2015; Henderson et al., 2013; John et al., 2013) are under
development. In the past, the main methods for CWD diagnosis have been
immunohistochemistry or ELISA on post-mortem brain samples of deceased animals.
Hunter surveillance uses these methods and results can take many weeks to obtain (Gilch
et al., 2011). Ante-mortem methods such as tonsil and rectal biopsies have been used for
large-scale surveillance of CWD in free range and captive cervids but with limited
success (Sigurdson, 2008; Wild et al., 2002; Wolfe et al., 2007). Sampling with these
tests is difficult and cumbersome in the wild (Gilch et al., 2011). The protein misfolding
cyclic amplification (PMCA) assay can detect low levels of misfolded prions in tissues
and body fluids (Sigurdson and Aguzzi, 2007; Johnson et al., 2012) and detects animals
in the early stages of CWD pathogenesis (Daus et al., 2011; Haley et al., 2012). A
high-throughput version of PMCA known as the real-time quaking induced conversion
(RT-QuIC) can detect CWD prions in saliva (Henderson et al., 2013), urine (John et al.,
2013) and blood (Elder et al., 2013) in asymptomatic animals. However this is still a
lengthy and labour intensive assay to use.

3 Risks and risk factors associated with CWD

Based on the evolving science that characterises the nature of the hazard represented by
CWD exposure and the exposure pathway analyses, as well as on the disease
management challenges since the disease was first discovered, a number of risks and risk
factors related to CWD have been identified [see WDNR (2010, pp.8—10) for the best
short summary]:
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1 risks to wild, free-ranging cervid species, both those already bearing the disease
(deer, elk and moose) as well as the other cervid species, notably caribou and
reindeer, that may be susceptible to it

2 risks to farmed cervids, including potential disease interactions between farmed and
wild cervids

3 the associated risks of an ongoing, broad geographical spreading of the disease
across all of North America

4 risks to human health and to other domestic farmed animals, especially cattle, pigs
and sheep

5 risks to the traditional lifestyle and culture of aboriginal peoples in North America

6  ecosystem risks, both direct and indirect, such as a spreading of the disease to other
mammals (such as meadow voles and other rodents) and high prion persistence in the
soil.

Risks to wildlife often translate to risks and impacts on different groups of people as well.
Non-aboriginal hunters may be affected by CWD in wildlife from a health risk
perspective, and are affected by an impairment of the enjoyment of hunting as a
recreational experience. Aboriginal peoples in North America may be affected through
similar impacts on their traditional use of land and wildlife. Should the disease eventually
spread to reindeer and woodland caribou, impacts on aboriginal peoples and the general
public will greatly increase (Mitchell et al., 2012).

Although no formal quantitative risk assessment of CWD has been performed to date,
the level of at least some of these identified risks can be estimated qualitatively with a
high degree of confidence, on the basis of the extensive, accumulated scientific studies of
hazard and exposure. With respect to the first-mentioned risk on this list, the disease is by
now well established in North America in five species of cervids, over a large
geographical range in the USA and a quite restricted range in Canada (concentrated on
the Saskatchewan-Alberta border). In addition, there are smaller numbers of cases in elk
and very few in moose so far (for the latter, only for moose living in close proximity to
diseased deer). However, there are basically no grounds for believing at this time that the
disease can be eradicated, and thus it must be regarded as being endemic, with prospects
for spreading gradually to new geographical areas and perhaps to other cervid species,
and for increasing in prevalence in areas where it is already well established.

It is advisable to consider separately the disease dynamics in farmed cervids, taking
into account the fact that it was in farmed cervids that the disease was first detected in the
USA (deer and elk in the states of Colorado and Wyoming), and that it was 14 years later
before the first case in a wild cervid was discovered (deer and elk, both in Colorado). The
same pattern was repeated in Canada, which had its first indigenous farmed CWD case in
1996 and its first wild cervid case in 2000, both in Saskatchewan. In ten of the 16 US
states and in both Canadian provinces where CWD has appeared in farmed cervids, it has
also been found in wild cervids. Farming of cervids is still increasing, especially in the
USA (Miller, 2012), and so this potential disease reservoir is likewise expanding. On the
other hand, another ten US states have reported cases only in wild cervids and three
others only in farmed cervids.

A deficiency in the risk assessment of CWD in North America to date is the failure to
address adequately — through a formal quantitative assessment — the risks entailed by the
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interactions of farmed cervids with wild infected cervids, including the role of prion
persistence and loading in the environment over time. For example, prions shed in to the
environment could act as a source of infection from wild cervids to farmed cervids across
fenced areas. On-farm CWD transmission seems to occur more often where elk or deer
are at higher densities or where they congregate at man-made feed and water stations
[Michigan Department of Natural Resources and Agriculture, (2007), Section 5]. The
frequent escapes of farmed animals from their enclosures, the introgression of wild
animals onto farms by breaching the fencing, as well as fence-line interactions between
wild and farmed cervids are other potential avenues for CWD movement between
animals (Fischer et al., 2011; Miller, 2012; VerCauteren et al., 2005, 2007a, 2007b,
2010).

Both the human health risk and the risk of a spreading of CWD to any domestic farm
animals, including cattle, pigs and sheep, appear to range from low to very low. The
human health risk, related to consumption of or exposure to infected cervid materials,
may even be regarded as negligible, although there are some uncertainties in these areas
noted in the scientific literature (Belay et al., 2004).

As already observed, the potential for a spreading of CWD to other cervid species,
especially caribou and reindeer, and thus the associated potential for a further extensive
geographical spreading of the disease, appears to range from high to very high, and
perhaps up to the level of near-certainty, at least in the estimation of some experts (Oraby
et al., 2016). This prospect has significant potential impacts beyond the animal species
risks themselves, specifically with respect to aboriginal peoples in North America.

Given the historical dependence of northern aboriginal peoples in Canada on the
threatened species, especially caribou, the consequent risks to the lifestyles and
traditional cultures of these peoples is similarly high. And as mentioned above, the
impacts go beyond impacts on aboriginal people. The fact that boreal caribou are listed as
threatened under Canada’s Species at Risk Act (SARA), as well as under provincial
wildlife legislation, shows the public concern for this species. CWD impacts would be
significant in terms of attempting to achieve the SARA recovery plan objectives or in
terms of the cost of attempting to achieve recovered status. An assessment of public
preferences for CWD control illustrates that the public is supportive of general outcomes
associated with reduced CWD levels, largely arising from concerns over health of
wildlife populations. Measures of support for government investments in such actions
have also been estimated — a lower bound estimate is approximately $16 per household in
Alberta or $20M per year for a 10-year program period (Forbes, 2011).

Finally, there are large uncertainties associated with the ecosystem risks, both with
respect to direct effects, especially the potential for spread to other mammalian species
beyond the cervids, and to indirect or secondary effects, such as those which might
follow increased disease prevalence among the cervids. In addition, the long persistence
of prions in the environment and thus their accumulation over time may turn out to be a
major factor in disease persistence:

High prion persistence is expected to lead to an increasing environmental pool
of prions during the early phases (i.e., approximately during the first 50 years)
of the epidemic. As a consequence, over this period of time, disease dynamics
will become more heavily influenced by indirect transmission [via
environmental contamination], which may explain some of the observed
regional differences in age and sex-specific disease patterns. This suggests
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management interventions, such as culling or vaccination, will become
increasingly less effective as CWD epidemics progress. (Almberg et al., 2011)

The level of long-term risk represented by these factors is difficult to estimate at the
moment, and they will need to be monitored on an ongoing basis.

4 Risk management of CWD

In general, the development of potentially effective strategies for responding to CWD is
complicated greatly by the presence of the disease in both captive (farmed) and wild
(free-ranging) populations and by the modes of interaction between the two populations.
For example, a well-established mode of control for infectious diseases in farmed animals
is the culling and destruction of the diseased animals and their herd-mates, accompanied
by various types of plans to compensate farmers for their losses. But this strategy has
been developed largely for infectious diseases such as BSE in animals that do not exist in
close proximity to wild populations of the same species which are also susceptible to the
same disease. Where the contrary is the case, as with CWD, the disease reservoir in wild
animals threatens to regularly infect and re-infect herds of farmed animals of the same
species, and vice-versa, and this interaction presents a serious dilemma for the prospects
of success for disease control strategies.

There is little experience to date in attempts to control or eradicate infectious diseases
in wild animal populations (except for rabies), and species such as cervids that range over
immense, continent-wide territories present significant challenges in this regard. At the
same time, farming of captive cervids appears to be steadily growing in scale and
geographical range, certainly in the USA (Miller, 2012); indeed, the “farmed deer
breeding industry has been called the ‘fastest growing industry in rural America’
(Anderson et al., 2007)” (Fischer et al., 2011). In this context, a systematic quantitative
risk assessment of the CWD disease interactions between farmed and wild cervids, which
does not seem to have been carried out anywhere in North America to date, is urgently
required, including more of the benefit-cost analyses relevant to the management of these
interactions risks of the kind undertaken by Arnot et al. (2009).

4.1 Studies of behavioural and attitudinal factors

Many of the CWD risk control strategies available to public authorities depend heavily
on the adequacy of awareness and voluntary participation among hunters and the public.
Research on these factors is, therefore, an important dimension in understanding the
challenges and options for managing the risks of CWD. For the situation in the USA,
Vaske (2010) summarised much of the existing human-oriented research on CWD
published to date, which was dominated by a focus on hunters and their potential
behaviours. This research on hunter behaviour was undertaken at a time when CWD was
a relatively unfamiliar disease within the state or region where the studies were focused.
Some key characteristics of the studies were the fact that hunters did seem to understand
the existence of CWD and have concerns about its continuing spread; however, at the
initial low levels of prevalence of the disease few hunters felt the need to change hunting
behaviour, although non-resident hunters in particular states did show greater willingness
to change hunting location or stop hunting altogether. Many studies (such as Vaske and
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Lyon, 2011; Needham et al., 2006, 2007; Vaske et al., 2004) showed the importance of
CWD prevalence, potential human death, perceived human health risk, presence of CWD
in the state, and residency of hunters in predicting changes in hunter behaviour, which
would mostly occur at high hypothetical prevalence of the disease.

Of more concern in the actual management of CWD appeared to be tension among
hunters and government agencies involved in the management of the disease. Needham
and Vaske (2008) showed that if hunters shared the same views on CWD with
government agencies managing the disease, then there was higher trust in those agencies
and this higher trust led to lower perceived personal risk from CWD. Heberlein (2004)
found that the Wisconsin strategy of treating CWD ‘like a fire’ had reduced the
effectiveness of the management strategy of significant herd reduction in Wisconsin.
Cooney and Holsman (2010) found that a government strategy of controlling the disease
and reducing its spread might have had more support from hunters than the attempt to
eradicate the disease. Holsman et al. (2010) noted that although the majority of hunters
saw CWD as something important to manage, few hunters actually increased their
harvest of animals in spite of various government incentives, suggesting that hunter
behaviour is unlikely to be an effective deer herd reduction management tool: “our
findings call into question the efficacy of recreational hunting as a disease management
tool when managers are seeking severe reductions in wildlife densities” (Other studies on
hunter attitudes and behaviour involving the risks of CWD include: Gigliotti, 2004;
Heberlein and Stedman, 2009; Holsman and Petchenik, 2006; Lyon and Vaske, 2010;
Miller, 2003, 2004; Miller and Shelby, 2009; Needham and Vaske, 2006; Needham and
Vaske, 2008; Vaske et al., 2006a, 2006b).

Relatively few studies have looked at the views of the non-hunting public on the
management of CWD or the potential health risks associated with the disease. Needham
and Vaske (2006) included a small sample of non-hunters in Wisconsin in their study,
finding that although many respondents in both categories believed that CWD may cause
disease in humans and were concerned about eating deer and elk due to CWD, hunters
were more likely than non-hunters to believe that the risks of CWD had been
exaggerated. Brown et al. (2006) discovered that the majority of hunters and non-hunters
in New York State had heard of CWD but did not exhibit high levels of concern about the
disease, potentially due to higher than average levels of trust in the agencies managing
the disease. In comparative studies Goddard et al. (2010, 2011) conducted online surveys
of Canadian (2009) and US (2010) members of the public. These surveys were conducted
with the aid of market research companies using their standard national panels in each
country, with the added restriction that at least 50% of the sample in each country must
have consumed venison in their lifetime. The data showed that in neither country was
there significant awareness of the CWD prior to the time of the surveys; moreover, even
for those who had heard of CWD prior to the survey, only 41% realised that CWD
affected both deer and elk. In these studies public awareness was lower in the USA than
in Canada.

Survey respondents were also asked about their level of agreement with different
strategies for CWD control (Myae and Goddard, 2011). Among the surveyed respondents
as a whole the distribution of materials about CWD, holding public meetings, mailings,
and facilitation of collection of heads for testing were all preferred strategies. Approval of
culling as an acceptable strategy was much lower in the people with no experience of
eating venison than among the people who had such experience, many of whom were
also hunters. This study also found that older respondents, people who ate venison from
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hunted animals more frequently, and people who believe that eating venison will cause a
CWD-type infection in humans were more positive about culling of animals in both
Canada and the USA. In Canada, males and people with higher education were more
supportive of culling while people living in rural areas were less supportive of culling. It
is worth noting that Lischka et al. (2010) found high levels of support by hunters and the
non-hunting public in Illinois for significant herd reduction as a management strategy in
CWD-infected areas. The targeting of a geographic area where CWD had been found and
thereafter had higher local media coverage suggests that public support for herd reduction
or culling is higher the nearer the disease to the surveyed members of the public.
However, Lischka et al. (2010) also found very high levels of support for more passive
forms of management, such as educating hunters and the public, funding research about
CWD, and increasing the regulation of deer and elk farms.

5 Risk control strategies for CWD

Thus there are a number of factors that represent major intrinsic obstacles to risk control
of CWD, which provide at least a partial explanation for the failure to arrest the spread of
the disease so far. The suite of disease control strategies for CWD that have been
implemented will be discussed in the following pages. For some time now the situation in
Canada has been described as described by the Canadian Wildlife Health Cooperative
(CWHC, 2011a): “the ultimate objective of Canada’s National CWD Control Strategy is
eradication of CWD from Canada or, failing this, the tightest possible control of CWD so
that it does not spread to new geographic areas or new species, and so that its
environmental, economic, social and public health impacts are minimized”. This is a
word-for-word repetition of the objective that was first announced by the same
organisation in 2005. The wording is interesting, of course, for its clear recognition, even
then, that eradication of CWD was unlikely to be a feasible objective, and that the
alternative of control, as defined — preventing a spread to new areas or new species — was
the best outcome that could be hoped for.

As we have seen, this theme was reaffirmed by the CFIA, the federal agency with
national regulatory responsibility for the disease, in the statement made by an agency
official in mid-2013: “we have to realize that we may not be able to eradicate this disease
currently from Canada, given that we don’t have any effective tools, so we may be
looking at switching from eradication to control” (Canadian Press, 2013). This is the
same conclusion that the State of Wisconsin arrived at in 2010, in the course of preparing
what is almost certainly the best overall document on CWD risk management strategies
that currently exists (WDNR, 2010):

“We are therefore establishing the following goal for the management of CWD
over the next 15 years: Minimize the area of Wisconsin where CWD occurs
and the number of infected deer in the state. The currently identified
geographic distribution of CWD is substantially larger than was known in 2002
and is likely increasing. Eliminating CWD from Wisconsin using the tools
currently available is unlikely given the difficulty in managing CWD in
free-ranging deer, magnitude of deer reductions required to significantly affect
the disease, and declining legislative support. However, there is still a need to
take steps to effectively manage CWD regardless of the continued challenges.
Therefore, minimizing the area of the state where the disease occurs is the
responsible goal to pursue. This goal does indicate a shift in our original
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management approach by currently accepting an area of CWD infection in
southern Wisconsin, and at the same time, focusing CWD control efforts on
limiting CWD to that area of the state while simultaneously controlling its
intensity and distribution.”

The truth of the matter is, unfortunately, that the intrinsic difficulties in disease control
mentioned above raise the distinct possibility that achieving the objective of control too
appears to exceed the capacity of the tools that are currently available. ‘Control’, as
opposed to the earlier focus on ‘eradication’, is usually defined as seeking to prevent an
increase in both disease prevalence and regional disease distribution over existing levels,
as defined by response plans formulated at particular points in time. But the steady
increases in both CWD prevalence and distribution in recent years, considering North
America as a whole, suggests that ‘control’ was already known to be not working
particularly well at the time when it was promulgated as a ‘new’ risk management
objective (replacing eradication). And it is not at all clear what other strategy might be
devised to succeed that of control.

These considerations leave open the key question of what are the realistic objectives
for the risk mitigation of CWD that are actually possible or feasible in the coming years.
We may be better able to comment on this key question after reviewing the suite of
disease control strategies that have been attempted to date. In this context, readers may
wish to consult the complete set of ‘Chronic Wasting Disease and Cervidae Regulations
in North America’, arranged by US state and Canadian province, that is available at
CWDA, 2016c (see also CWHC, 2011b). Only a short summary of widely used measures
for wild and farmed cervids is provided here, which will be compared with the results of
an expert elicitation exercise in each case.

5.1 Wild (free-ranging) cervids

Various selections of the following strategies have been implemented for wild
(free-ranging) cervids in different US states and in the provinces of Alberta and
Saskatchewan:

e Notification (mostly voluntary, mandatory in specified high-risk areas): hunters are
encouraged to report sick animals and to submit heads of animals for testing.

e State and provincial authorities provide public freezers at designated locations for
hunters to deposit cervid animal heads for testing (in Canada, B.C., Saskatchewan,
and Ontario, e.g., OMNR, 2016).

e Surveillance, monitoring and testing: states and provinces compile statistics on
numbers of animals reported and tested and the numbers of positive results. Evidence
of increases over time in regional disease prevalence can be used to implement
enhanced surveillance and special monitoring programs in particular areas which
represent possible new foci for the disease.

e Herd reduction: extending hunting seasons in areas with high concentrations of
animals (which facilitates disease transmission), and developing special culling
programs, such as culling of deer in localised areas of high disease prevalence or
along the leading edge of a known new outbreak of the disease, and culling of sick
animals by sharpshooters outside of the regular hunting seasons (e.g., IDNR, 2014).
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e  Hunter control: for example, prohibitions against moving high-risk parts of carcasses
out of areas where CWD is established, and regulations on disposal of carcass parts.

e Recommendations for hunter precautions to follow when field-dressing an animal,
e.g., wear rubber gloves, minimise handling of brain, eye, or spinal tissues, and avoid
cutting through the spine (Government of Manitoba, 2016).

e Feeding and baiting ban: prohibiting the dispersal of feed to attract wild animals,
because it encourages close proximity and thus raises the potential for disease
transmission.

e Transport ban: banning the movement of hunter-harvested carcasses across
jurisdictional lines, and requiring a permit for the movement of live Cervidae across
jurisdictional boundaries.

e  Opinion survey and outreach and communication programs: used to increase citizen
familiarity with CWD and awareness of the importance of controlling the disease.

e Applied Research Programs: For example, modelling to assess changes in spatial
distribution and prevalence of disease (for assessing the effectiveness of
management actions), and improved disinfection and decontamination protocols
(Nobert et al., 2016; Potapov et al., 2016; Uehlinger et al., 2016).

An expert elicitation exercise resulted in set of risk control measures for wild cervids,
ranked in order of importance (see Figure 3).

Figure 3 Weighted averages of the ratings for the 15 control measures of CWD in the wild
cervids

Rating
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450

Developmentof vaccine |

Target herd depopulation (100%) ]

Diagnostic test, with selective culling |

Natural barriers (mountain ranges) |

Target herd reduction (80%) |

Transport ban on live animals |

Double fencing |

Stray farmed cervids (stopping) |

Carcass disposal (specify method) |

Use of natural predators, such as coyotes |

Feedingban (Winter) |

Baiting ban |

Transport ban of carcass
Increased hunting opportunities
Communication strategies (hunter and aboriginal groups) |

Source: Oraby et al. (2016, Figure 5)

5.2 Farmed cervids

The following strategies have been implemented for farmed cervids in different US states
and in the provinces of Alberta and Saskatchewan:
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in general, many jurisdictions have extensive sets of rules and specifications for
farmed cervids — see, e.g., the combined federal and state rules for deer farmers in
Wisconsin, especially Subchapter VII of the relevant statute (WDNR, 2015a)

registration and voluntary certification of cervid farms (e.g., APHIS, 2015)
notification of diseased animals (mandatory for operators of cervid farms)

protocols for the reporting and recovery or destruction of escaped animals and best
management practices, including provision for recovery paddocks

surveillance/testing: testing programs and protocols designed to detect, monitor, and
control diseases, with participation and reporting mandatory for operators of cervid
farms

cervid identification (ear tags) and traceability requirements for tracking of
movements

regulation of movement between farms, including mandatory permits
import regulation: government permit required for movement between countries

transport regulation: regulating or banning the movement of captive live animals
across intra-country jurisdictional lines

herd depopulation: destruction of entire herds in which diseased animals are found,
followed by securing of the affected area (maintenance of fencing to prevent ingress
of wild animals) and application of decontamination protocols

facility management: regulating fencing for captive herds, including double-fencing
and electric fencing (Fischer et al., 2011).

Figure 4 Weighted averages of the ratings for the 14 control measures of CWD in the farmed

cervids

Rating
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

Vaccine development ]
Diagnostic antemortem test availbility |

Development of effective decontamination procedure ]

Farm depopulation (100%) and repopulation ]
Cervid identification and traceability programs ]
Farm certification ]
Restrictions on transport of live animals |
Live exportrestriction ]
Live import restrictions ]
Double fencing ]
Stray wild cervids (protocol) |
Fencingstandards (height) ]
Herd inspection (compliance) ]
Restrictions on transport of animal parts ]

Source: Oraby et al. (2016, Figure 6)
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The ongoing surveillance and random testing protocols, together with herd depopulation
and facility decontamination protocols, are the most common strategies in all
jurisdictions for the attempt to control CWD in farmed cervids.

An expert elicitation exercise resulted in set of risk control measures for farmed
cervids, ranked in order of importance (see Figure 4).

6 Conclusions

As noted above, taking North America as a whole, CWD distribution has occurred in two
phases (see the overall timeline at CWDA, 2016b). During phase 1, for the first 29 years
following the index case (1967—1995), the disease was found only in the two Western US
states of Colorado and Wyoming; during phase 2, the next 18 years (1996-2013), the
disease range expanded dramatically, reaching an additional 20 US states — extending to
the northeastern and southwestern borders of the nation — and two western Canadian
provinces.

The extensive document (MDNRA, 2007) prepared for the State of Michigan, for
example, shows the great effort that some jurisdictions have made in terms of advance
planning and preemptive measures for CWD disease control (the surveillance measures
in place resulted recently in the detection of the first case of CWD in a farmed cervid in
that state). Some planning of this type has been under way in the USA for about three
decades, and yet the seemingly inexorable spread of the disease among free-ranging
cervids in geographical terms, and in terms of new cervid species, proceeds apace. In
view of this simple fact, there are strong efforts under way to improve surveillance
methodologies for free-ranging cervids (USGS, 2012).

There does not seem to be a comprehensive database of disease prevalence across all
affected regions of the two countries. (Prevalence is estimated as a percentage of infected
cases in the population sampled. So far as can be determined, there are no overall
estimates of prevalence in farmed cervid populations). Examination of reported
prevalence in some specific localities appears to indicate that on the whole prevalence is
still relatively low; nevertheless, in general prevalence does seem to be increasing
steadily in areas where the disease is well established. Various estimates of prevalence
range from as low as <1% (for example, among some species in the two affected
Canadian provinces), to others in the 1%—5% range, and to some others at much higher
levels. In regions of Wyoming, prevalence in mule deer “has grown from ~11% to ~36%
from 1997-2007, with local annual prevalence growth rates in excess of 1.15%”
(Almberg et al., 2011). In the state of Wisconsin, the current figures in certain areas are
quite high and the rate of increase is disturbing (Bergquist, 2014; WDNR, 2015b):

“Since 2002, chronic wasting disease (CWD) prevalence within our western
monitoring area has shown an overall increasing trend in all sex and age
classes. During the past 13 years, the trend in prevalence in adult males has
risen from 8-10 percent to over 25 percent, and in adult females from about
3—4 percent to more than 10 percent. During that same time, the prevalence
trend in yearling males has increased from about 2 percent to about 8 percent
and in yearling females from roughly 2 percent to about 7 percent.”

In late 2011, this state also reported this result from the depopulation of a captive herd
(WDNR, 2011): “the 80% prevalence rate discovered on Buckhorn Flats is the highest
prevalence recorded in any captive cervid operation in North America”. Heberlein and
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Stedman (2009), Cooney and Holsman (2010) and Holsman et al. (2010) argue that initial
attempts to control CWD in Wisconsin were less successful in reducing prevalence of the
disease than they might have been with better engagement with hunters and non-hunting
public in their planning and implementation. Wisconsin has a very large and densely
concentrated deer population, which is known to be a factor in efficient disease
transmission, and which could account for these relatively high numbers. The high
prevalence (25%) noted recently for Wisconsin includes the two counties (Dane and
Iowa) where CWD was first detected among wild cervids in that state (Bergquist, 2014).

In conclusion, there are a number of trends in the evolving pattern of CWD in North
America that would appear to justify some new initiatives in risk management decision
making for this issue. There is a pervasive sense among some risk managers at the state
and provincial levels that the major disease control strategies selected to date are either
not working, or are proving only minimally effective in controlling the disease in specific
areas. But if new initiatives are to be considered, robust methods must be used in order to
set priorities among risk control options, through risk-ranking and benefit-cost analyses,
and to concentrate resources on the preferred strategies which emerge from such
exercises.

The possibility that there may soon be an effective vaccine for CWD is very
significant in this regard. Researchers have mimicked a common mode of prion infection
using CWD prion inserted into an attenuated Salmonella bacterium to produce anti-prion
antibodies. This vaccine is has shown some success and is under further development
(Goiii et al., 2015). Another group in Canada has also developed a vaccine that is
currently under clinical trials with elk (PREVENT, 2015).

Expert opinion already obtained has provided some other candidate strategies for
consideration:

“Policies aimed at reducing the presence of the infectious CWD agent in the
environment (including carcass disposal and CWD positive farm depopulation),
reducing deer densities (targeted culling), and reduced movement of cervids in
critical areas (through the use of fencing, double fencing, or natural barriers)
were considered to be effective control measures, and were ranked highly by
experts for both wild and farmed cervids.” (Oraby et al., 2016)

In addition, further research and innovation in prion disinfection and decontamination
technologies would appear to be a high priority. Finally, using genetic information as a
way to improve risk management is another possible initiative: Geospatial maps with
genetic data taken from ongoing CWD surveillance could show geographical areas of
susceptibility or resistance to CWD for various cervid species, thus allowing risk
managers to allocate management resources better on the basis of disease distribution.

At the broadest level, risk managers may wish to assign high priority to carrying out
systematic reviews or expert elicitation exercises in two areas:

1  What risk mitigation strategies are available, now that the objective of disease
eradication has been abandoned, if the objective of disease control should similarly
fail?

2 What cost-effective strategies, if any, are available for further isolating populations
of farmed and wild cervids if the disease interactions between these two populations
should appear to be more problematic than it is considered to be at present?
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Such exercises might begin with consultations among government and academic
scientific and wildlife management specialists, using established techniques for
consensus building. At those sessions some consideration should be given to the
advisability of preparing quantitative risk estimates for the top-ranked CWD risks,
especially, and urgently, as noted earlier on the crucial issue of potential disease
interactions between farmed and wild cervids. Then the results from these initial
consultations should be taken out to important external stakeholders — aboriginal peoples,
hunters and cervid farm operators, public-interest groups, and others — across a broad
range of regional locations, reflecting the scope of the disease outbreak to date. Prior to
these outreach campaigns, some effort should be put into using effective risk
communication on the scientific and technical aspects of the risk management of CWD.
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Note added in proof

The first case of CWD in a free-ranging Norwegian reindeer was discovered in the
central region of Norway in March of 2016 (Benestad et al., 2016); subsequently, two
additional cases in wild deer were discovered in the same area. Norway has decided to
use hunters and sharpshooter to eradicate the entire herd of 2,000 animals in this area.
Then, also in 2016, two cases of CWD in moose were discovered near Trondheim in
northern Norway (Stokstad, 2017). The European Commission has asked the European
Food Safety Authority (EFSA) to introduce surveillance and sampling activities in the
entire northern sector of the European Union (Estonia, Finland, Iceland, Latvia,
Lithuania, Norway, Poland and Sweden) with respect to the threat of CWD to seven wild,
semi-domesticated and farmed cervid species: Eurasian tundra reindeer, Finnish
(Eurasian) forest reindeer, moose, roe deer, white-tailed deer, red deer and fallow deer
(Ricci et al., 2016). In addition, recent research on CWD in North America (Edmunds
et al., 2016; Meyerett-Reid et al., 2017) includes a major review (Zabel and Ortega,
2017) of environmental factors in the spread and persistence of the cervid prion protein.
Finally, a new risk control strategy has been proposed for CWD in North America,
namely, using controlled burns of fires in forest areas where vegetation and soil is found
to be heavily contaminated with prions.
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