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CHRONIC WASTING DISEASE (CWD)
CWD is a disease of cervids (deer, elk, reindeer, moose)
that belongs to a group of transmissible spongiform
encephalopathies (TSEs) or prion diseases of animals and
humans. In addition to CWD, animal TSEs include scrapie
in sheep and goats and bovine spongiform encephalopathy
(BSE) or “mad cow” disease in cattle. The diseases in humans
include Creutzfeldt-Jakob disease (CJD), GerstmannSträussler-Scheinker syndrome, and fatal insomnia. The
brain is the main organ involved in the disease process where
pathological changes occur. Together with other hallmarks,
these changes include dying neurons and microscopic holes
in neuropil, which create a “sponge-like” appearance.
Many authorities believe that the misfolded form (sometimes
abbreviated as PrPTSE) of a normal “cellular” prion protein
PrPC identified in the diseased brain is the causative agent
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termed prion. The exact mechanism of neurodegeneration
triggered by prions is not understood. It has been proposed
that prions propagate through the continued recruiting of
PrPC to acquire the same misshapen PrPTSE conformation.

LESSONS LEARNED FROM BSE
BSE escalated to epidemic proportions in the UK during the
1980s and spread from there to other countries, probably due
to exports from the UK of live animals and meat-and-bone
meal (used as an inexpensive protein supplement animal feed)
contaminated with the infectious BSE agent. The epidemic
was contained through the efforts of the UK government and
regulatory agencies worldwide, but a few cases continue to
be reported globally each year. One atypical BSE case (six in
the U.S.), was reported in Florida in 2018. There is little doubt
that BSE causes the disease in humans known as variant CJD

(vCJD). Since 1996, there have been 178 cases of vCJD reported
in the UK and 53 cases reported in other countries around
the world. Some cases of vCJD reported in people outside the
UK were probably acquired during residence there during
1980–1996.
Recent news coverage reflects some public anxiety
that humans might become infected with CWD through
consumption of venison from deer, elk, or moose in a manner
similar to BSE as the cervid disease continues to spread in
North America.

CWD DISCOVERY AND GEOGRAPHY
CWD was first recognized in captive mule deer in a university
research facility in Colorado in the late 1960s. It is a progressive
disease, presenting clinically as rapid unexplained weight loss
over weeks or months, with behavioral changes including
excessive salivation, difficulty swallowing, and increased
drinking and urination. Neurological signs include loss of
balance and normal coordination with head tremors. Animals
die within several months of becoming ill.
While CWD’s origin is unknown and may never be
established, the possibility of transmission from scrapieinfected sheep has been suggested. The mode of transmission
of CWD in endemic areas is not fully understood, but most
evidence supports transmission by direct animal-to-animal
contact or as a result of indirect exposure to contaminated
environment, feed, and water.
CWD is highly contagious within cervid populations. In
North America, CWD affects deer, elk, and moose. CWD has
become endemic in deer in Colorado, Wyoming, and Nebraska
and likely in other states as well. Currently, the geographical
range of reported CWD cases covers at least 26 U.S. states and
three Canadian provinces (Saskatchewan, Alberta, Quebec).
Nationwide, the overall incidence of CWD in free-ranging deer
and elk is relatively low. In a contiguous area of Northeastern
Colorado and Southeastern Wyoming, hunter-harvested
animal surveillance from 1996 through 1999 showed an overall
CWD rate of approximately 5 percent in mule deer, 2 percent
in white-tailed deer, and less than 1 percent in elk. A rate
exceeding 90 percent was reported in herds of captive mule
deer where the disease has been endemic for more than two
years. As expected, increased surveillance has often found
new cases in non-endemic areas. The sources of unexpected

sporadic cases of CWD in regions far from endemic zones are
not known but may be caused by transportation of seemingly
healthy infected cervids.
Due to the commercial shipment of deer from Canada,
CWD was introduced into farmed herds in South Korea
where a small number of affected animals was reported. In
recent years (2016–2018), CWD was identified in reindeer,
moose (European elk), red deer in Norway, and moose in
Finland and Sweden. The prevalence of CWD in cervids in
Scandinavia is still significantly lower than in the U.S., with
only approximately 0.04 percent and 0.05 percent affected
animals reported in Finland and Norway, respectively.
Measures to reduce the spread of CWD include depopulation
of the captive herds and incineration of carcasses in accordance
with local regulations. Meat from depopulated animals
is not allowed to enter the human food and animal feed
supply. Additionally, the U.S. Centers for Disease Control
and Prevention (CDC) has recommended that venison from
carcasses of cervids with CWD should not be eaten.

ADDRESSING THE RISK OF CWD TO HUMAN HEALTH
Concerns about possible transmission of CWD to humans
from infected animals have been raised for decades, increasing
after food-borne transmission of BSE to humans was reported
and as CWD spread widely in North America. The possibility
of CWD transmission to humans through some intermediate
hosts (domesticated animals) was also raised after CWD was
experimentally transmitted to a variety of laboratory animals,
including mice, voles, ferrets, raccoons, mink, cats, goats, cattle,
and squirrel monkeys. These transmissions were achieved by
the injection of CWD-infected brain homogenates directly
into the brain. Infection of non-cervid animals via CWDinfected feed was not reported to transmit the disease (until
a recent single unconfirmed study found evidence of CWD in
macaque monkeys fed infected venison). Importantly, TSE has
not affected domestic animals grazing together in the same
pastures with CWD-infected cervids.
One unknown in estimating the possible risk of
transmitting CWD to humans is whether CWD in humans
would be recognized and discriminated from sporadic
CJD by its clinical presentation and course of illness, or by
neuropathology or other laboratory testing. Variant CJD,
caused by transmission of BSE from cattle to humans, was
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CLEARLY,
RESEARCH, BOTH
EPIDEMIOLOGICAL
AND EXPERIMENTAL,
SHOULD CONTINUE
TO EVALUATE THE
RISK FOR HUMANS
DUE TO POSSIBLE
EXPOSURE TO
THE CWD AGENT.

Many studies, using transgenic mice expressing the human
prion protein gene as the model, produced consistently negative
results. The highly sensitive in vitro protein conversion assays
are used to amplify and detect small amounts of PrP TSE in
tissues and body fluids and to examine whether the PrP TSE
from infected species, used as a seed, can recruit human PrPC
and change its conformation. Such assays showed that the
efficiency of converting human PrPC using PrPTSE from CWDinfected animals was limited, suggesting that the potential risk
of CWD to humans is probably low. However, the predictive
value of results from such model studies cannot be estimated
directly. Furthermore, PrPTSE extracted from brains of cervids
with CWD shows considerable variation in properties, raising
an additional concern that the agent might be evolving and
that host range and virulence of some strains might increase.
Clearly, research, both epidemiological and experimental,
should continue to evaluate the risk for humans due to possible
exposure to the CWD agent.

CONCLUSION

substantially different in all those features from previously
known forms of CJD. That does not mean, however,
that other TSEs spread from animals to humans would
necessarily cause a unique recognizably new form of CJD.
In 2004, the CDC and others reported 12 cases of CJD in
people who might have been exposed to CWD agents through
hunting or consumption of contaminated venison. Detailed
investigations, however, showed no evidence that these cases
were a new TSE resulting from a zoonotic CWD infection.
Furthermore, in the years since then, the CDC has found no
increase in rates of human CJD in CWD-endemic areas, which
might be expected to occur should CWD have infected people.
Non-human primates have been used for more than 50
years as a model to study TSE transmission to humans. While
brain inoculation of squirrel monkeys with CWD-infected
brain homogenates repeatedly transmitted disease, feeding
the homogenates did not. Studies using cynomolgus monkeys,
another model sometimes used to assess the risk of TSE
transmission to humans, gave conflicting results (see above)
that remain controversial.

New zoonotic diseases appear regularly, often taking
us by surprise. Long persistence of CWD agent in the
environment, its resistance to degradation, and establishment
of a persistent reservoir of infection in deer—difficult
or impossible to depopulate—all contribute to doubts
that CWD can be efficiently eliminated from the United
States. But control and limitation of spread remain worthy
goals. Continuing epidemiological animal and human
surveillance, prudent wildlife management, strict adherence
to regulations, safe practices by hunters, and improved
education of health professionals can help ensure that CWD
does not create the zoonotic “storm” in the 21st century that
BSE did in the 20th century.
References:

E. Belay, R. Maddox, E. Williams, et al. “Chronic Wasting Disease and
Potential Transmission to Humans.” Emerging Infectious Diseases. June
2004;10(6):977-84.
S. Hannaoui, H.M. Schatzl, S. Gilch. “Chronic wasting disease: Emerging prions
and their potential risk.” PLoS Pathog. Nov. 2, 2017;13(11):e1006619.
P. Gale and H. Roberts. “Update on Chronic Wasting Disease in Europe.” April
25, 2018; https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/703368/sa-cwd-norway-20180425.pdf
L. Waddell, J. Greig, M. Mascarenhas, A. Otten, T. Corrin, K. Hierlihy. “Current
evidence on the transmissibility of chronic wasting disease prions to humans-A
systematic review.” Transbound Emerg Dis. February 2018; 65(1):37-49. Epub.
Jan. 30, 2017.
B. Race, K. Williams, B. Chesebro. “Transmission studies of chronic wasting
disease to transgenic mice overexpressing human prion protein using the RTQuIC assay.” Vet Res. Jan. 22, 2019;50(1):6.

10

THE SOURCE | SUMMER 2019

