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Executive Summary

Executive Summary

In 1998 the United States Department of Agriculture asked the Harvard Center for Risk
Analysisto evaluate the robustness of U.S. measures to prevent the spread of bovine spongiform
encephal opathy (BSE or “mad cow disease”) to animals and humans if it wereto arisein this
country. BSE isamember of afamily of diseasesthat includes scrapiein sheep and goats,
chronic wasting disease in certain North American deer and elk, transmissible mink
encephal opathy, and the human ailments Creutzfel dt-Jakob disease, variant Creutzfel dt-Jakob

disease, and Kuru.

We have developed a probabilistic simulation model to help characterize the
conseguences of introducing BSE into the U.S. via various means. Our model allows usto
predict, for example, the number of newly infected animals that would result from introduction of
BSE, the time course of the disease following its introduction, and the potential for human
exposure to infectious tissues. We evaluate key processes and procedures that make the spread of
disease more or lesslikely. Results are presented as distributions reflecting the probabilistic

nature of the model and the processes simulated.

Our analysisfinds that the U.S. is highly resistant to any introduction of BSE or asimilar
disease. BSE isextremely unlikely to become established inthe U.S. For example, ina
hypothetical scenario in which ten cattle infected with BSE are imported into the U.S., on average
only four new cases of BSE would occur. Moreover, the disease is virtually certain to be
eliminated from the country within 20 years after its introduction. These results assume that the
conditions affecting the spread of BSE in the U.S. would remain unchanged for the 20 years
following itsintroduction. The new cases of BSE would result primarily from lack of compliance
with the regulations enacted to protect animal feed. Theimport of one infected animal yields on
average less than one new BSE case in 20 years and the disease is likely to be quickly eliminated
fromthe U.S. following itsintroduction. Likewise, there appears to be no potential for an
epidemic of BSE resulting from scrapie, chronic wasting disease, or other cross-species
transmission of similar diseases found inthe U.S. Even if they existed, these hypothetical sources
of BSE could give riseto only around two cases per year. Similarly, if the disease does indeed
occur spontaneoudly in cattle, as some have suggested, it would result in one to two cases per

year with little spread.
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Executive Summary

Only asmall amount of potentially BSE-contaminated tissues would reach the human
food supply and be available for possible human consumption. We express the amount of
infectivity in terms of cattle oral 1Ds,s for the purpose of quantifying both animal and human
exposureto thisagent. A cattle oral IDsg is the amount of infectious tissue that would, on
average, cause 50% of exposed cattle to develop BSE. The relationship between human exposure
guantified in terms of cattle oral IDses and likelihood of human disease is unknown, but European
authorities suggest that the cattle disease may be 10 to 100,000 times less virulent in humans
(European Union Scientific Steering Committee 1999a; European Union Scientific Steering
Committee 2000a). In the entire 20 year period following the import of ten BSE-infected cattle,
the mean estimate for the amount of infectivity potentialy available for human exposure is 39
cattle oral IDgs. The greatest sources of infectivity include consumption of cattle brain, spina
cord, and meat derived from advanced meat recovery systems. Some potential exposure would
result from the presence of spinal cord in certain bone-in cuts of beef, like T-bone steaks, and
consumption of cattle intestines. Potential human exposure resulting from spontaneous disease or
cross-species transmission of scrapieis predicted on average to be no more than 100 cattle oral

IDsos over 20 years.

Even in an extreme case, which we characterize using the 95" percentile of the output
distribution from the simulation, the import of ten infected animals leads to only 16 new cases of
BSE over twenty years. The 95" percentile value for potential human exposure is 180 cattle oral
IDgos over 20 years, nearly five times the mean value. These predictions can be compared with
the experience in the United Kingdom, where it is estimated that there were nearly one million
infected animals and it is likely millions of cattle oral 1Ds,s available for potential human

exposure.

Measuresin the U.S. that are most effective at reducing the spread of BSE include the
ban on the import of live ruminants and ruminant meat and bone meal from the UK (since 1989)
and all of Europe (since 1997) by USDA/APHIS, and the feed ban ingtituted by the Food and
Drug Administration (FDA) in 1997 to prevent recycling of potentially infectious cattle tissues.
Thisfeed ban greatly reduces the chance that BSE will spread from an infected animal back to
other cattle through feed. Our model reflects incomplete compliance with the FDA feed ban and
we evaluate the potential risks resulting from exceptions to the ban. Measures instituted in meat
packing plants by the industry and the USDA Food Safety Inspection Service (FSIS) have

reduced the opportunity for infectious tissues to contaminate human food.

viii
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Executive Summary

Specific pathways or practices that would contribute the most to the spread of BSE if it
were introduced into the U.S. relate to compliance with the FDA feed ban and include misfeeding
on thefarm (i.e., administration to cattle of feed labeled as prohibited for that purpose) and the
mislabeling of feed and feed products prohibited for consumption by cattle. The disposition of
cattle that die on the farm would also have a substantial influence on the spread of BSE if this
disease were introduced into the U.S. Factors that influence potential human exposure include
the handling of brain and spinal cord in processing plants and how well inspectors would detect
animals with BSE at daughter.

Our model is not amenable to formal validation because there have been no controlled
experiments in which the consequences of introducing BSE into a country has been monitored
and measured. However, as atest of the model’ s plausibility, we modeled the small BSE
outbreak identified in Switzerland following the introduction of BSE infectivity from the UK.
Working with expertsin Switzerland, we identified appropriate values for model parameters
necessary to appropriately characterize that country’ s practices and procedures and then
simulated the introduction of BSE infectivity. Our simulation took into account risk management
actions, such as feed bans ingtituted by the Swiss. The model’s predictions were reasonably close
to empirical observations. For example, the model predicted that during the Swiss outbreak, there
would have been 230 animals that developed clinical signs of disease. To date, the Swiss have
detected 398 animals with BSE. The time course of the outbreak predicted by the model also
reasonably resembled the pattern observed in Switzerland. The ability of the model to reasonably
replicate the magnitude and time course of the Swiss outbreak gives some confidence in the
structure of our model, especialy in light of the many unknown factors associated with this
episode. In fact, modest revision of highly uncertain assumptions from our “first guess’ values,
based on advice from personnel from the Swiss Federal Veterinary Office, yielded results that

were even more consistent with observed data

We also evaluated the potential for BSE to have entered the U.S. prior to the 1989 ban on
theimport of UK cattle. BSE has not been detected in the U.S. despite 12 years of active
surveillance of high-risk animals. Y et several groups, including the European Union in their
Geographically Based Risk Assessment of the U.S. (European Union Scientific Steering
Committee 2000d), have highlighted the 334 animals brought into the U.S. from the UK between
1980 and 1989. These animals were imported as breeding stock, not as beef or dairy production
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animals. Thisfact islikely to have reduced their potential for exposure to BSE before their
export from the UK. In addition, none of these animals came from afarm on which there was a
case of BSE in animals from the same birth cohort (same birth farm and year). Many came into
the U.S. before BSE was even arecognized disease (the first case was confirmed in the UK in
1986). The USDA hasidentified and traced the disposition of these animals and has verified that
161 were disposed of in amanner that poses no risk to other animals or to humans. However, the
Department has not been able to conclusively make this determination for the remaining 173
animals. Using dataidentifying the year of birth, the year of import, the date of the animal’s last
known sighting, and information characterizing the time course of the disease following infection,
we have estimated the amount of BSE infectivity that could have theoretically been introduced
into the U.S. from these 173 animals. We then used this estimate in our model to predict the

possible consequencesin the U.S.

Our analysis concludes that there is more than an 80% chance that the import of these
animals resulted in no exposure of U.S. cattle to BSE infectivity. Evenif U.S. animals were
exposed to BSE, thereisa significant chance that the exposure resulted in no new cases of
disease. Our analysisindicates that thereis only a small chance that BSE spread to U.S. cattle but
that the number of cases was sufficiently small to avoid detection by U.S. government
surveillance. The analysis also shows that if these imports did introduce BSE into the U.S,,
measures taken by the government and industry since 1997 will have arrested the disease and

begun to eradicateit.

Our evaluation of potential risk mitigation actions highlights potential measures to further
reduce the already low likelihood that if BSE were introduced into the U.S,, it could spread to
cattle or contaminate human food. Prohibiting the rendering of animals that die, potentially from
BSE, prior to being sent to slaughter (i.e., animals that “die on the farm”) substantially reduces
the potential for contamination of cattle feed, decreasing the average predicted additional cases of
BSE following introduction of ten infected cattle by more than 80%. Implementation of a UK-
style ban on specified risk material (e.g., spinal cords, brains, vertebral columns) from both
human food and animal feed reduces the predicted number of additional BSE casesin cattle by
almost 90% and potential human exposure by 95%. These findings serveto illustrate the types of

evaluations of alternative risk management strategies that can be conducted using the model.
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Executive Summary

In summary, measures taken by the U.S. government and industry make the U.S. robust
against the spread of BSE to animals or humans should it be introduced into this country.
Preventing infected animals or contaminated feed from entering the country, ensuring compliance
with the FDA feed ban, and reducing the potential for contaminated tissues to enter the animal
feed or human food supply will ensure that these risks remain low. |f BSE has been introduced
into the U.S., as has been suggested by some observers, the course of the disease has been

arrested and it is destined for eradication by the measures currently in place.

Xi
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Section 1

1 I ntroduction

Bovine spongiform encephal opathy (BSE) is a disease of cattle that was first documented
in the United Kingdom in 1986. It has since spread to several countriesin Europe, and most
recently to Japan. The disease causes the degeneration of central nervous system (CNS) function,
ultimately leading to death in all cases. Perhaps more worrisome is the possibility that meat
products contaminated with BSE infectivityncan cause a human form of thisillness, known as
variant Creutzfeldt-Jakob Disease, or vCID. Like BSE, vCJID causes CNS degeneration and is
alwaysfatal. Unlike many other animal-borne diseases, the agent thought to be responsible for
BSE and possibly vCID is at least partialy resistant to destruction by standard cooking practices,
sterilization procedures, and processes used to recycle bovine protein prior to its use as afeed
supplement. For that reason, the presence of BSE can lead to the spread of disease among other

animals, and potential health risks for people.

Although there has never been a case of BSE documented in the United States, the
potential for the disease to spread, and the potential threat it poses to people has raised concernin
this country. In order to better characterize the nature of these risks, the United States
Department of Agriculture (USDA) commissioned the Harvard Center for Risk Analysisto
conduct astudy of BSEinthe U.S.

This study was undertaken to investigate potential pathways by which BSE or other TSEs
could arise in the United States (U.S.) cattle popul ati onE! In particular, the analysis describes the
use of a quantitative simulation model that characterizes how the introduction of BSE would
affect animal health over time, and the extent to which it could result in human exposure to
contaminated food products. The ability of this model to quantify various aspects of the disease’s
progression (e.g., number of animals infected over time, quantity of the transmissible agent in
food presented for human consumption) distinguishes it from other efforts to characterize BSE
risk, such as the European Union’s Scientific Steering Committee report on the Geographical

Risk of Bovine Spongiform Encephal opathy (European Union Scientific Steering Committee

! Although the exact etiology of BSE is uncertain, in many respects the transmission of the disease can be
evaluated as though it arises from an infectious agent. Because the nature of the agent is still a matter of
some scientific debate, we use the term “infectivity” to characterize materials that can transmit the disease
from one animal to another or potentially from animals to people.

2 For the purpose of the study, “other TSES” are defined to be naturally occurring animal prion diseases that
if present in cattle, will manifest with clinical and histopathological characteristics that are similar to those
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2000c). We have used the simulation model to determine the impact of possible past
introductions of BSE into the U.S., to identify those risk management control options that most
influence the spread of disease, and to identify those sources of uncertainty that have the greatest
impact on our results. Thisinformation can be used to help identify the most promising control

measures and to prioritize data collection and research efforts.

A key goal of thisanalysisis to determine whether BSE would develop into a self-
sustaining epidemic if it were introduced into the U.S,, or if its prevalence would tend to decrease
over time, leading eventually to its eradication. Which of these two possibilities occurs depends
on the average number of new cases of disease that result from each existing case. Thisvalue,
designated Ry, isreferred to as the epidemic’ s basic reproduction rate (Anderson 1991). If Ry
exceeds unity, the disease will tend to spread. On the other hand, if R, isless than unity, the
number of caseswill tend to decline over time, and ultimately the disease will die out. Assuming
that an initial introduction of BSE into the U.S. islimited in magnitude, the ultimate impact of the
introduction will depend vitally on whether Ry exceeds unity. This concept corresponds to the
issue of “stability” that isafocus of the European Union’s approach to geographic BSE
assessments (European Union Scientific Steering Committee 2000c; European Union Scientific
Steering Committee 2000d).

The analysisis not acomplete human health risk assessment in two respects. First, we do
not quantify the probability that BSE will be introduced into the U.S. Hence, al our risk
estimates are conditional on hypothetical scenarios. Second, although we quantify potential
human exposure to BSE-contaminated food products, we do not estimate how many people will
contract variant Creutzfeldt-Jakob Disease (vCJID). We have omitted quantitative treatment of

both of these issues because the available information is inadequate.

The remainder of this study is organized asfollows. Section 2 first describes the different
types of TSEs, their characteristics, theories as to the origin of the BSE epidemic in the UK, and
measures taken to control the spread of BSE. Next, Section 2 discusses the pathways for the
introduction of disease in further detail, including the potential for spontaneous devel opment of
BSE, transmission from another speciesin the U.S. with a prion disease, the import of BSE-

infected cattle, or use of cattle rations that may contain contaminated material. Section 3

associated with cattle BSE. For the remainder of this document, the term “BSE” will collectively refer to
BSE and to these other TSEs.
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517  describes our methodology, including the simulation model used in this analysis and the specific
518  scenariosevaluated. Section 4 summarizes our results, and concludes with a discussion of our
519 findings.
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Section 2

2 Background

This section provides background for the analysis described in thisreport. Section 2.1
outlines the characteristics of transmissible spongiform encephal opathies (T SES), the class of
diseases to which BSE belongs. Section 2.2 reviews the hypotheses advanced for the origin of
the BSE epidemic in the UK. Section 2.3 describes potential pathways by which BSE could be
introduced into the U.S. Finally, Section 4 reviews regulatory actions taken by governments

around the world to slow the spread of this disease.

21  Overview of Transmissible Spongiform Encephalopathies (T SES)

Transmissible spongiform encephal opathies (TSES), aso known as prion diseases, are a
family of rare, slowly progressive, and uniformly fatal neurodegenerative disorders that affect
humans and animals. All of these diseases have incubation periods of months to years between
infection and the onset of clinical signs. The prevailing hypothesisis that these diseases are
caused by novel agents called prions. In humans, prion diseases may present as genetic,
infectious, or sporadic disorders, and all involve the modification of the prion protein. Known
TSEsinclude:

. Creutzfel dt-Jakob disease (CJD), Kuru, Gerstmann-Straiissler-Scheinker (GSS),
and Fatal Familia Insomnia (FFI) in humans;

. Scrapie in sheep and goats;

. Transmissible Mink Encephalopathy (TME) in mink;

. Chronic Wasting Disease (CWD) of deer and elk; and

. Bovine Spongiform Encephal opathy (BSE) in cattle.

TSEs have also been observed in exotic cats and ungulates in zoo collections. The source of
infection is not known. Other examples, such as Feline Spongiform Encephalopathy (FSE), are
thought to be the result of cross-species transmission of a TSE (BSE in the case of FSE). Variant

CJD (vCJD) isanewly discovered TSE of humans and is likely the result of exposure to the BSE
agent.
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The first records of TSEs date back to the early 18" century (Stockman 1913; Brown
1998b), with the mention of scrapiein sheep. The name of the disease reflects its associated
clinical signs, including the tendency of the sheep to scrape off their wool on fences or other
objects. Experimental transmission of scrapie to other species, such as mice and goats,
demonstrated that the disease was transmissible and had a very long incubation period (Cullie
1936; Cullie 1939; Pattison 1959).

During the 1950s, many scientists became interested in Kuru, afatal disease that affected
the Fore population of Papua, New Guinea. Kuru is characterized by neurologic signs and
neuropathol ogic changes similar to those of scrapie athough it has other signs (e.g., myoclonus)
not seen in scrapie but found in other TSEs (Klatzo 1957; Zigas 1957; Alpers 1970). These
similarities were pointed out by Hadlow in 1959, who suggested that Kuru also might be
transmissible to other animals (Hadlow 1959). Subsequently, Gadujsek and his colleagues
succeeded in transmitting Kuru to chimpanzees (Gajdusek 1966). This experiment supported the
hypothesis that Kuru is transmitted by an infectious mechanism (i.e., ritualistic cannibalism).
Later, other spongiform encephal opathies were found to be transmissible, including CJD, FFI,
TME, CWD, and BSE. To date, most of the experimental data on TSEs comes from studies of

CJD and scrapie. More recently, BSE has become an area of active research.

The specific agent responsible for TSE diseases has not been identified with certainty, but
the leading theory suggests that the etiologic agent is an abnormally configured protein normally
encoded by the host (prion protein or PrP) (Bolton 1982; Prusiner 1982; Prusiner 1994; Prusiner
1998). Normal prion protein (PrP°) is soluble in detergents and has a predominantly a-helical
structure. In contrast, abnormal PrP (PrP¥) isinsoluble in detergents, relatively resistant to
proteases, and has a predominantly (3-sheet secondary structure. Although still a matter of
controversy, PrP* appears to accumulate in an infected host and eventually cause disease (Hsiao
1991; Bueler 1993; Telling 1995; Manson 1999; Hill 2000). Deposits of PrP* in tissues are
associ ated with the presence of transmissible infectivity (McKinley 1983). Additionally, PrP* is
the only molecular marker specific for TSE infections. Spongiform degeneration, neuronal
vacuolation, and gliosis appear to be associated with abnormal PrP deposition. Remarkably, TSE
infection has been reported in the absence of detectable PrP* (Lasmezas 1997) and PrP* formed
invitro, by conversion of PrP", has not yet produced disease in animal bioassays (Hill 1999). The
etiologic agent is not inactivated by treatments that usually destroy bacteria and viruses
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(Kimberlin 1983; Taylor 1991a; Taylor 1991b; Taylor 1993). No immune response to the agent
has been detected.

An aternative hypothesis to the prion theory, referred to as the virino model, proposes
that the agent consists of asmall nucleic acid that acts as an informational molecule, and that this
molecule is protected by the host PrP (Dickinson 1988). Despite several attempts (Borras 1986;
Duguid 1988), no exogenous nucleic acid has been identified in experimental TSE. The virino
model suggests different genetic “strains’ of the agent are responsible for the phenotypic
variability in the disease. The protein only (prion) hypothes s proposes that conformational
isoforms of PrP are responsible for such variability. Another theory proposes that TSEs are
caused by conventional viruses (Diringer 1994; Manuelidis 1995). However, no infection-

specific nucleic acid has yet been detected.

The mechanisms by which infection occurs for most naturally occurring TSEs are
uncertain. Different animal TSES appear to be passed in part by lateral transmission and perhaps
by maternal transmission to offspring in natural settings. The human spongiform
encephal opathies are considered to be either sporadic, inherited, or acquired by an infectious
mechanism (Masters 1978; Hsiao 1990; Brown 1994a; Will 1996; McLean 1998). Finaly, there
is evidence that for some TSE diseases, susceptibility has a genetic component (Poulter 1992;
Carlson 1994; Goldmann 1996; Hunter 1996; Bossers 1997; Hunter 1997a; Hunter 1997b).

The remainder of Section 2.1 has three parts. Section 2.1.1 discusses the means by which
TSEs are passed from one animal to another, and perhaps from animals to humans. Section 2.1.2
introduces the concept of the “ species barrier,” a phenomenon that makes passage of a TSE from
one species to another far less “efficient” (and hence less likely) than passage between animal s of
the same species. Finally, Section 2.1.3 discusses susceptibility, i.e., the tendency for some

animals to be more likely than others to become infected following exposure to the infective

agent.

211 Transmissbility

TSE diseases can be passed from an infected individual to others under only certain
conditions. While the potential for natural transmission has been demonstrated only for some

TSEs, transmission in an experimental setting has been demonstrated for most.
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Transmission of a TSE disease from one human to another appearsto be limited to cases
of “iatrogenic transmission,” associated with surgery, use of cadaveric hormones, and ritualistic
cannibalism. latrogenic transmission isthe only known route of transmission for CJD.
Documented cases have involved the use of contaminated silver electrodes used for stereotactic
el ectroencephal ography, the use of contaminated neurosurgical instruments (Collinge 1997), and
the use of contaminated tissues in transplant procedures (cornea, dura mater). The use of
contaminated hormones preparations (growth hormone or gonadotropin prepared from cadaveric
pituitary glands) has been linked to transmission of TSEsin humans. Kuru has been transmitted
from person to person as the result of ritualistic cannibalism in the people of Papua, New Guinea.
In this case, the most likely route of exposure was via ingestion, although transdermal or mucous

membrane exposure cannot be ruled out.

Transmission of TSE diseases from one animal to another of the same speciesin the
absence of experimental intervention has been extensively documented in the case of sheep-borne
scrapie (Hadlow 1982). The mechanism by which other sheep in the same flock become infected
appearsto be associated with exposure to infected placenta (Race 1998b), athough other routes
of exposure may also play arolein transmission. In sheep, transmission has also been linked to
the use of vaccines (Gordon 1939; Gordon 1946; Gordon 1959; Agrimi 1999), although the
relationship is not conclusive. Natural transmission has also been identified in CWD (Williams
1982). Inthe case of CWD, it has been postulated that transmission is caused by pasturing on
ground occupied by infected animals (Miller 1998). Presumably, some long-lived agent in the
environment can pass the disease between individuals (Sigurdson 1991; Skarphedinsson 1994).
Naturally occurring mutations capable of causing the disease have not been identified in animals
(Chesebro 1999).

Several species and animal breeds have been used as experimental models for TSEs,
including mice, hamsters, and non-human primates. Results from these experiments indicate that
natural (oral) transmission is substantially less efficient than transmission via intracerebra (i.c.)
injection, the procedure usually used for transmission in experimental models. For example, in
the case of BSE, transmission via oral ingestion is as much as 100,000 times less efficient than
i.c. injection (for areview of the literature, see (European Union Scientific Steering Committee
20004a)). Experimental data using a TSE mouse model indicate that intravenous injection

produces disease five to seven times less efficiently than i.c. injection (Brown 1999). Finally,
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intra-peritonea (i.p.) administration of infectivity is estimated to be 100 times less efficient than

i.c. transmission (Kimberlin 1988).

2.1.2 The SpeciesBarrier

Interspecies transmission of TSEsis mitigated by aso called “species barrier”. This
barrier represents the decreased efficiency with which TSEs are passed from one animal to a
second animal of a different species, compared with the efficiency with which the TSE is passed
among animals of the same species. That is, amuch greater amount of infective material is
necessary to infect an animal from a different species than is needed to pass the disease to an
animal of the same species. The species barrier also is associated with an increase in the
disease’ sincubation period (i.e., the delay between exposure to the agent resulting in infection
and the manifestation of disease). In some instances the species barrier seems to confer complete
resistance to transmission. Itisat least conceptually possible that an animal failing to develop the
disease following cross species challenge would become infected if administered a sufficiently
large dose of infectivity, or would manifest clinical signs of disease if it somehow lived longer

than the incubation period associated with the species barrier (Hill 2000).

Although transmission of a TSE from one species to another may be less efficient than
the transmission within the same species, once it occurs, the TSE may become “adapted” to the
new host. Because it has adapted to the new species, it can be transmitted (at least
experimentally) more efficiently among members of that species, and the incubation period
becomes shorter and less variable. For example, when scrapie is transmitted experimentally from
one species to another, the incubation period is usually longer in the first passage than in

subsequent passages within the new species (Dickinson 1976).

The species barrier probably reflects some combination of factors including differences
between the donor’s and recipient PrP. Scrapie studies conducted in mice, rats, and hamsters
demonstrate the presence of a species barrier. These findings include pathogenesis differences
between the first and subsequent passages in the new species, and how rapidly the transmitted
strain replicatesin the new host (Kimberlin 1987; Kimberlin 1989), and others.

The response of some T SEs exhibits heterogeneity within a species, a characteristic that
appears to be due to the existence of different strains of the agent. Strains are distinguished by
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highly replicable differences in the incubation period, neuropathol ogy, and host range (Fraser
1968; Bruce 1989). CJD, scrapie, TME, and CWD show strain diversity, while BSE appearsto
be asingle, stable strain (Bruce 1994; Bruce 1997). vCJD (adisease in humans thought to result
from exposure to the BSE agent) does not demonstrate morphologic strains (Will 1996; Bruce
1997; Hill 1997; Scott 1999).

Recipient characteristics also affect the efficiency with which TSEs are transmitted
across species. Some species, such as rabbits or chickens, do not develop disease when
challenged with specific TSESs, while other species do. It has been postulated that the similarities
between the PrP structure between the donor and the recipient explain the differencesin

transmission efficiency (Priola 1994; Raymond 2000).

Because the presence of a TSE agent is often assessed by inoculating a test species (e.g.,
mice) with the suspect material, the species barrier reduces the sensitivity of these bioassays.
Cattle-to-cattle transmission of BSE by the intracerebral route is estimated to be at least 1,000
times more efficient than cattle-to-mouse transmission by the same route (Section 1.7 in
(European Union Scientific Steering Committee 2000a)). It is often assumed that the species
barrier decreases transmission efficiency by afactor of between 1 (no decrease) and 1,000 (Det
Norske Veritas 1997). The assumption that the species barrier is 1 (i.e., that there is effectively
Nno species barrier) is considered to be aworst-case scenario. In an opinion on the species barrier
for transmission of BSE from cattle to humans, the EU Scientific Steering Committee (1999a)
suggested that plausible values for the species barrier range from 1 to 100,000. For risk
assessments, this range was later updated to include 1 as aworst case and a values from 10 to
10,000 as more likely (p. 35 in (European Union Scientific Steering Committee 2000a)).
However, the committee concluded that it is not at this time possible to quantify the species
barrier for transmission of BSE from cattle to humans (p. 34 in (European Union Scientific
Steering Committee 2000a)).

2.1.3 Susceptibility

“Susceptibility” refersto the likelihood of becoming infected following a specific
exposure to the infective agent. Susceptibility to TSEs appears to depend on specific interactions
between the agent, the host, and the environment (e.g., animal age, PrP primary structure of the

host, PrP characteristics of the recipient animal, route of exposure, and dose of agent).
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Mutations and polymorphisms of the PrP gene are associated with many TSESsin humans,
sheep, mice, and possibly elk. Humans and sheep are the two species for which spongiform
encephal opathies apparently occur naturally and in which there are recognized genetic
components that predispose individuals to disease. In the case of scrapie, there is evidence that
the disease does not devel op spontaneoudly, but instead requires exposure to an infective agent
(Hunter 1996; Hunter 1998b). In the case of human disease, studies conducted using transgenic
mice that over express mutant PrP [P101L (corresponding to PrP P102L in humans)] have shown
that Gerstmann-Straiissler Skeinker might be a genetically induced illness (Hsiao 1991; Hsiao
1994). However, recent research using transgenic mice that are normal expressers of mutant PrP
failed to demonstrate development of the spontaneous TSE (Manson 1999), suggesting that the
mutation may increase susceptibility to infection (Manson 1999; Weissmann 1999), rather than
cause the disease on itsown. In contrast, in cattle, susceptibility to BSE has not yet been shown

to be associated with polymorphism in the PrP gene (Hunter 1994).

An important physiologic factor that islikely to affect susceptibility to infectionisthe
age of theanimal. For example, young cattle are estimated to be ten times more susceptible than
adults, with data well described by a model that assumes susceptibility declines exponentially
with an annual rate constant of 0.85 after the age of four months, and susceptibility ultimately
declining to 10% of its peak value (de Koeijer 1999). Wilesmith et al. (1988) described an
epidemiologic study of the UK BSE epidemic. Based on amodel of that event, Anderson et al.
(1996) back-calculated an alternative susceptibility estimate suggesting that susceptibility peaks
at 1.31 years and decreases in the following years. Other investigators estimated that
susceptibility in cattle peaks at between 0.5 to 1.5 years of age (Woolhouse 1997). Age-related
susceptibility is hypothesized to be associated with permeability of the intestine to large proteins
and with the development of the Peyer’s Patches (PP). The PP seemto play arolein the
pathogenesis of the prion diseases and to influence the susceptibility of the animal to infection.
For example, in sheep, the ileal PP are shown to be more active and to be largest when the animal
isaround 2-3 months old and to disappear when the animal reaches an age of one and one-half
years (Griebel 1996). The appearance of the PP in sheep appears to coincide with the period of
greatest susceptibility of sheep to scrapie (Hadlow 1982; Andreoletti 2000).

Age-related susceptibility may be an important factor in understanding BSE transmission
because potentia exposure to BSE-contaminated feed (see Section 2.2 and Section 3.1.1.2 below)

-10-
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can also change with age. The ages at which animals are exposed depends on when they receive
feed with protein supplements, something that may vary from country to country. For instance,
Meat and Bone Meal (MBM) was used in the formulation of “least cost” calf starter rationsin the
UK during the period of 1970-1988 (Horn 2001), leading to BSE exposure when animals are

most susceptible to disease.

The remainder of this discussion addresses susceptibility issues specific to sheep,

humans, bovines, and cervidsin turn.

Sheep

In sheep, polymorphisms identified at codon 136, 174 and 171 of the PrP gene play the
largest rolein variations in the development of natural scrapie. The clinical and pathol ogical
variations of the disease are a direct result of host-agent interaction. Holding both dose and route
of transmission fixed, the transmission of scrapie depends on the homology of the donor’s PrP
and the recipient’s PrP. Some aspects of the pathogenesis can differ depending on the interaction

of agent strain, host genotype, route of infection, and dose of the agent.

Naturally infected sheep of a number of breedsin the U.S., UK, Europe, and Japan carry
valine at codon 136 (VV 1350r VA136) OF glutamine at codon 171 (QQ171) (Hunter 1993; Laplanche
1993; Hunter 1994; Westaway 1994; Belt 1995; Ikeda 1995) of the PrP gene. There has only
been one report of scrapie-affected Suffolk sheep with arginine homozygosity at codon
171(RR471) and four reports of scrapie-affected Suffolk sheep with glutamine/arginine
heterozygosity at codon 171 (QR;7;) (Ikeda 1995; Hunter 1997c). Scrapie strains can be
distinguished by biological parameters such as the incubation period, lesion profile, and amyloid
plague production (Dickinson 1971; Bruce 1982; Dickinson 1988; Bruce 1991; Bruce 1997).

There has been some debate as to whether naturally occurring scrapie is a purely
genetically-induced disease (Ridley 1996) or if PrP genotype merely influences susceptibility
following exposure to an infectious agent. The current consensus rules out the hypothesis that
scrapieisapurely genetic disease (Hunter 1998a; Hunter 1998b) and suggests that susceptibility

and exposure are both necessary for the development of the disease.
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Sheep and goats have been shown to be susceptible to the development of BSE following
experimental exposure (i.c. and oral) (Foster 1993; Bruce 1994; Foster 1996). Different PrP
genotypes have different incubation periods (Foster 2001) following BSE exposure. Currently,
there is no evidence that sheep and goats can develop the disease after exposure to feed

supplemented with contaminated animal protein.

Humans

In humans, polymorphisms in the PrP gene influence susceptibility to sporadic, inherited,
or infectious forms of prion diseases. There are two common forms of PrP in humans with either
methionine (M) or valine (V) at residue 129. The population is comprised of homozygous M,
heterozygous M-V, and homozygous V. In Caucasians, 51% of the population are heterozygous,
while 38% are methionine homozygous; the least common genotype is valine homozygous
(11%). Variability of spontaneous CJD seems to be associated with physicochemical properties
of PrP* in conjunction with the PRNP (human prion protein gene) codon 129 genotype (Parchi
1999). In Kuru patients, homozygosity at residue 129 (particularly for methionine) was
associated with an earlier age at onset and a shorter duration of illness than was heterozygosity at
residue 129, afinding that probably reflects different disease incubation periods (Cervenakova
1998).

Homozygosity at residue 129 appears to increase susceptibility to TSE diseasein
humans. Cases of sporadic CJD are usually homozygous at residue 129 (Palmer 1991).
Individuals with CID caused by exposure to contaminated human pituitary hormone have an
elevated prevalence of homozygosity at residue 129 for valine (Collinge 1991). Infamilial TSEs,
polymorphism at codon 129 appears to influence the age of onset and the duration of the disease
(Dlouhy 1992). To date, all vCID patients have been methionine homozygous (M-M) at residue
129 (Ironside 2000; Will 2000).

Bovines
Investigators have identified polymorphismsin the PrP gene in British cattle, Belgian

cattle, and US cattle (for areview refer to (European Union Scientific Steering Committee

20004)). There are two magjor polymorphismsin the region of the PrP gene: 1) the Hindl|
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restriction site, and 2) differences in the number of copies (five or six) of an octapeptide repeat
sequence (Goldmann 1991; Hunter 1994).

Hunter et al. (1992) showed that there were no differences among breeds in the age of
onset of BSE. Nor did the number of PrP octapeptide copies influence age of onset. The absence
of an association between PrP polymorphisms and BSE onset age may indicate that BSE
incidence is associated with an * undiscovered” polymorphism of the PrP gene. It could also
mean that there are other mutations that influence gene expression and potentially disease onset.
Alternatively, there may be only one predominant form of cattle PrP, and if this predominant
form were the adlele that conferred susceptibility, most cattle would be genetically susceptible. In
this case, the dose and route of exposure (assuming thereis only one strain of BSE) determine

whether disease results.

Findings from the pathogenesis and the attack rate experiments (Wells 1998; Wells
1999), in which animals were exposed to high levels of infectivity (1 to 100 times greater than
most cattle would have received naturally), indicate that most of the cattle challenged either
orally or parenterally succumbed to disease. These results suggest that differencesin
susceptibility between animals may not exist, or may not be important. Alternatively, the
exposures may have been so high that they overwhelmed any differences in susceptibility.
Overadl, it appearsthat if animals are exposed to high doses of the BSE agent early in life, they

will be very likely to develop disease.

Cattle have been shown to be partially susceptible to naturally induced scrapie but only
following intracerebral injection of infectious material (Gibbs 1990; Cutlip 1994; Clark 1995;
Cutlip 1997; Cutlip 2001). Studiesdonein the U.S. showed that cattle orally exposed to North
American scrapie remain normal for eight years following exposure (Cutlip 2001). Research on
cattle orally exposed to UK scrapieis ongoing (Detwiler 2000). Currently, there are no available

data indicating how genetics might influence bovine susceptibility to scrapie.

Cervids

In a study of Rocky Mountain Elk, O’ Rourke et a. (1999) found that animals with CWD

had an elevated prevalence of homzygosity for methionine at codon 132 of the PrP gene. This
finding applied to both farmed and free-range animals.
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2.2  TheOrigin of the BSE Epidemicin the UK

In 1986, a bovine spongiform encephal opathy was first confirmed in the United Kingdom
as the result of routine animal disease surveillance. This section focuses on theories advanced to
explain the origins of the subsequent epidemic. Since the beginning of the epidemic, over
178,400 cases have been confirmed on 35,275 farms. In addition, cases have been observed in
Northern Ireland, the Republic of Ireland, and in other European countries (OIE 2000).
Mathematical modeling suggests that the epidemic probably started in the UK between 1981 and
1982 (Wilesmith 1991; Wilesmith 1992b; Wilesmith 1994; Donnelly 1997b; Ferguson 1997b;
Ferguson 1999). The epidemic peaked at the end of 1992-1993 when the incidence reached
approximately 3,500 confirmed cases per month. Although the origin of the BSE epidemic
remains controversial, thereislittle doubt that it was maintained by the recycling of bovine
materials in the bovine feed chain (Wilesmith 1991; Wilesmith 1992b; Kimberlin 1994;
Wilesmith 1994; Nathanson 1997).

Although the effectiveness of the feed ban and other measures at reducing the incidence
of BSE in the UK sheds light on the progress and amplification of this epidemic (Section 2.4.2),
its precise origin remains uncertain (Wilesmith 1991; Wilesmith 1992a; Wilesmith 1993;
Hoinville 1994; Brown 1998a). The most prominent theory hypothesizes that BSE occurred
when the scrapie agent, present in rendered proteins used in feed, overcame the species barrier to
infect cattle (Section 2.2.1). Several changesin rendering and feeding practices may have
enabled the infectious agent to survive during rendering process and enter the cattle feed chain
(Taylor 1989; Horn 2001). An aternative theory postul ates a spontaneous case of BSE as the
origin (Section 2.2.2). Section 2.3.1 discusses spontaneous disease in further detail. Additional
theories focus on different infectious organisms or toxic agents that could cause a spongiform
encephal opathy or on dietary imbalances known to produce spongiform encephal opathies under

some conditions (Section 2.2.3).

221 Scrapiein Sheep

Evaluating the hypothesis that scrapie isresponsible for the BSE epidemic in the UK is
complicated because even transmission of this disease among sheep is hot well understood.
Horizontal transmission may involve the shedding of the agent into the environment (Hoinville

1996; Stringer 1998; Woolhouse 1998). Maternal transmission from ewe to lamb in utero or
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immediately during the post-natal period is believed to occur, athough there has been some
debate in the past (Ridley 1996). Maternal transmission of scrapie may explain why the disease
usually becomes endemic in aflock onceit isintroduced. Exposure through contaminated
vaccines (Gordon 1939; Gordon 1946; Gordon 1959; Agrimi 1999; Caramelli 2001) has been
documented as a source of infection. Transmission of scrapie via vectorsis disputed
(Fitzsimmons 1968; Hourrigan 1979).

The possibility that scrapie is responsible for the BSE epidemic in the UK is made more
plausi ble because the size of the sheep population in the UK increased significantly from 1980
onwards. This growth may have lead to an increase in the prevalence of scrapie, adisease with
an annual incidence now estimated to be between 5,000 and 10,000 per year in the UK (Hoinville
1999). Moreover, it has been postulated that more scrapie-infected sheep than usual were
introduced into the cattle feed supply during this period (Walker 1991). In addition, changesin
the rendering technology in the 1980s may have made this process less effective at deactivating
the scrapie agent. During that time, meat and bone meal (MBM) was on the list of ingredients for
“least cost” dairy calf starter rations and was regularly used as a source of alternative protein. If
the species barrier can indeed be overcome by exposure to a sufficiently large amount of
infectivity, and if young animals are especially susceptible to infection, these changes may have
been sufficient to initiate the development of BSE in cattle. Oncein cattle, according to this
theory, the agent adapted, thus eliminating the species barrier, and quickly spread to other cattle

through feed containing rendered ruminant material.

One finding supporting this theory is the observation that BSE apparently originated at
several locations at nearly the same time (Kimberlin 1994; Wilesmith 1994; Nathanson 1997).
Such a pattern suggests some sort of population-wide insult, such as alarge supply of
ineffectively treated feed containing scrapie. Thistheory also is supported by the finding that
cattle are susceptible to infection by scrapie introduced by i.c. experimental inoculation. On the
other hand, investigators have been unable to infect cattle with the North American scrapie agent
when it has been orally introduced (Cutlip 1994; Cutlip 1997; Cutlip 2001); research is ongoing
using the UK scrapie agent (Detwiler 2000). In addition, if scrapie did cause the development of
BSE in cattle, it isnot clear why it happened suddenly in 1986 at severa locations given that
scrapie has been endemic in European sheep for over 250 years and ovine and bovine wastes have
been used in cattle feed for several decades. In response to that question, attention has focused on
the use of MBM in dairy calf starter rations, feed given to very young animals (Horn 2001). This
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practice, which is not likely to have taken place el sewhere (except in Australia, whichisa
scrapie-free country) would have exposed animals to infectivity when they are most susceptible.
Finally, if scrapie caused BSE to originate at several locations at nearly the sametime, it is
surprising that there is only a single strain of BSE even though sheep in the UK are known to

carry severa “straing’ of scrapie.

One variation on the scrapie hypothesis suggests the existence of a strain of scrapie that
was more thermostable and particularly infectious to cattle. Thistheory suggeststhat this strain
may have entered the cattle feed chain as a component of MBM. The specific strain may have
been a mutation of the scrapie agent. It ispossiblethat either: 1) asingle scrapie strain with
characteristics unlike BSE was transmitted to cattle and that these characteristics changed as the
agent was repeatedly recycled through cattle; or 2) a BSE strain pre-existed in sheep, and was
unchanged when passed to cattle. These hypotheses are both plausible. However, if the origin of
BSE wasasingle “strain” of scrapie, the BSE epidemic should have had a more geographically
compact origin than the diffuse pattern actually observed, unlessthe single “strain” was widely
distributed. BSE epidemiology shows a geographically widespread occurrence with simultaneous
onset at multiple distant locations, rather than an origin focused at asingle point. Finaly, this
alternative theory does not address the lack of a demonstration to date of any strain of scrapie that

can infect cattle following oral administration (Cutlip 2001).

2.2.2 Infrequent Sporadic BSE

It ispossible that BSE is anaturally occurring and long-established disease of cattle, but
one that occurs extremely rarely (like sporadic CJD in humans). Passing infectious material from
such an animal through a rendering process with greatly reduced capacity for destroying the agent
could have led to contamination of the cattle feed chain. However, many countries had rendering
systems similar to that of UK, so the absence of BSE in other countries, if it isindeed sporadic,
seems unlikely. That is, we would expect to see native cases in other countriesaswell (i.e., cases
not traceable to UK). To date, none have been found (for areview see (Chesebro 1999).

On the other hand, the cattle in the UK tend to be relatively old, with many dairy animals
in particular of relatively advanced age. If sporadic BSE resembles sporadic CJD in humans, its
incidence will be much greater in older animals. Asaresult, the UK herd may have been

predisposed to having an animal with sporadic disease approaching the highly infectious
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symptomatic stage of disease. The sporadic case theory postulates that a series of unfortunate
events would have had to coincide: 1) the rare sporadic case would have had to have been
rendered; 2) the rendering would have had to |eave enough of the infectivity intact to produce a
sufficient number of “second generation cases’; 3) the rendered material would have had to have
been used to produce feed for cattle; and 4) the repetition of this cycle. The apparent uniqueness

of the UK asthe origin of this disease may simply reflect better fortune in other countries.

223 Toxic Agentsand Other Hypotheses

This section describes several alternative agents and conditions that have been suggested

as possible causes of the BSE epidemic in the UK.

2.2.3.1 Organophosphate (OP) Pesticides

Organophosphate (OP) pesticide toxicity in cattle may resemble BSE, and like BSE, the
clinical signsfor OP toxicity exhibits seasonality. It has been suggested that there was alink
between the use of some OP pesticides, especially Phosmet, and the development of BSE (Purdey
1996). Adherentsto thistheory claim that the distribution and dynamics of the use of the
pesticide are consistent with the epidemiology of the BSE epidemic in UK. However, the timing
of the BSE epidemic’s origin does not coincide with the extensive use of OPsin the early 1960s
for warble fly control because most of the BSE cases were born after 1982. This hypothesis

rejects the evidence that contaminated MBM plays arole in the transmission of the disease.

Purdey, the author of this theory, proposes that exposure of bovine embryos to high doses
of Phosmet triggered the UK BSE epidemic (Purdey 1996). The mechanism underlying this
theory is the phosphorylation of PrP in fetuses of cows treated with Phosmet. The Spongiform
Encephal opathy Advisory Committee (SEAC) concluded, however, that OP pesticides did not
accumulate in cattle, which would be necessary for the transmission of the disease via
contaminated feed. The committee agreed that the epidemiological evidence is more consistent
with the hypothesis that the BSE epidemic was due to the widespread use of BSE-contaminated
feedstuffs (Spongiform Encephal opathy Advisory Committee 1997). The EU Scientific Steering
Committee (SSC) evaluated this hypothesis and determined that intoxication with OP compounds
was consistent with some of the characteristics of the BSE epidemic but could not be considered

to be the cause (European Union Scientific Steering Committee 1998a). In particular, thistheory
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failsto account for the presence of BSE casesin areas of UK that did not use OPs (Horn 2001),
the absence of casesin areas of UK that did use OPs (Horn 2001), and the absence of casesin
countries that use OPs more extensively than the UK. In addition, OP exposure has not been

shown to be transmissible.

2.2.3.2 Copper Deficiency

The incidence of BSE in the UK was highest in the southern and eastern counties of
England (Wilesmith 1991; Wilesmith 1992b). Several countiesin this region are known to have
widespread copper deficienciesin soils and crops (Thornton 1979). These deficiencies could
cause copper deficiency in ruminants. The resulting condition is known to have some specific

signs and pathological changes similar to those of BSE.

One theory for the origin of the BSE epidemic hypothesizes that the high levels of protein
in feed used in the 1970s and 1980s competed with copper for absorption by ruminants
(Rehbinder 1994). Thistheory is consistent with some aspects of the disease, but the morphol ogy
and distribution of vacuolar or spongiform-like changes observed in animals suffering from
copper deficiency differ from the spongiform changes that are typical of a TSE (Annex 6in
(European Union Scientific Steering Committee 2000b)). Thistheory also fails to account for the
disease stransmissibility. Furthermore, if this hypothesis were valid, beef cows (that obtain most
of their nutrients through pasture) should have a higher incidence of BSE than dairy cattle, and

the reverse is observed (Horn 2001).

2.2.3.3 Heavy Metal Exposure

Therole of heavy metalsin certain CNS diseases (Warren 1974) has led some researchers
to suggest they may have arole in the development of BSE. It has been shown that copper ions
can convert PrP to the infective disease form (McKenzie 1998). Investigators have suggested that
contamination of MBM with heavy metals may have converted the normal PrP to the infective
form. However, this theory isinconsistent with the characteristics of the epidemic in UK because
heavy metal exposureislikely in areas where BSE has never been observed. Moreover, a
potential source of heavy metal contamination of feed has never been identified, nor has

transmissibility been demonstrated.
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2.2.3.4 Autoimmune Disease

Investigators have proposed that BSE could be an autoimmune disease caused by
exposure of cattle to bacteria containing proteins that induce immunol ogic cross-reactivity with
central nervous system tissue (Ebringer 1997; Tiwana 1999). According to this theory, the BSE
epidemic resulted from the production of feed rich in the specific bacteria with proteins that
mimic brain tissue. Because of exposure to these bacteria, bovine anti-bacterial antibodies may
have reacted with myelin proteinsin the brain that were sufficiently similar to bacterial antigens.
The damage caused by such an auto-immune disease would be chronic and would be consistent
with some of the characteristics of BSE (European Union Scientific Steering Committee 2000b).
Autoimmune brain disease can be experimentally transmitted to animals but only by injecting
large amounts of brain protein and adjuvants. In contrast, TSE can be transmitted by injecting
only afew nanograms of brain without adjuvant (Horn 2001). In addition, the neuropathology of

autoimmune brain disease differs from that observed in TSE.

SSC has concluded that this theory is not consistent with the BSE epidemic for several
reasons. First, the morphology and distribution of vacuolar or spongiform-like changes due to
BSE are not the same as those caused by an auto-immune reaction. Second, lymphocytic
infiltrates that are typical of and are a pathogenetically important component of auto-immune
disease are atypical of TSE. Third, high infectious titers cannot be explained by the autoimmune
hypothes s (European Union Scientific Steering Committee 2000b). Fourth, as pointed out by the
BSE Inquiry (Lord Phillips 2000), mouse-adapted BSE can be transmitted i.c. to mice lacking a
functional immune system. Fifth, common bacteria do not have the resistance to chemical and
physical inactivation shown by the agents of transmissible spongiform encephal opathies,
including bovine spongiform encephalopathy. Finally, thistheory fails to explain why many
thousands of animals suddenly became affected and why the BSE epidemic occurred
predominantly in the UK (Horn 2001).

2.2.3.5 Useof Pituitary Hormones

Posterior pituitary extracts obtained from oxen or other mammals were used as a source
of oxytocin for veterinary purposes through the period 1950-1989. Use of anterior pituitary
extracts as a source of follicle stimulating hormone or bovine growth hormone occurred but was
not widespread (Horn 2001). Early epidemiologic investigations of the BSE outbreak dismissed
hormone extracts as a cause of the disease’ s spread (Wilesmith 1988). Recall that growth
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hormone, prepared from cadaver pituitary glands, has caused transmission of CJD in humans, and
this theory suggests that a similar phenomenon may have occurred in cattle (Airtime 2001). This
hypothesi s suggests that pituitary hormones contaminated by BSE caused the epidemic in the UK
but not in other countries. The source of the original infectivity (in humans it was one or more

pituitaries from CJD cases) is not explained by this theory.

2.2.3.6 Wild African Antelope

A group of scientists from New Zealand postul ated that BSE originated from wild
African antelope, and that it spread into British cattle when an infected animal from awildlife
park was rendered into MBM that was fed to about 1,000 dairy cows in the southwest of England
between 1975 and 1977 (ProMED-mail 2001, April 18). They hypothesized that the disease
probably spread through British cattle for about a decade before it was fully recognized. Kelly et
al. (1980) suggested that the death of six white tigersin a British zoo was due to TSE but the
histopathology was not consistent with BSE (Horn 2001). Thistheory is not consistent with the
absence of evidence that carnivoresin zoosin the UK were dying from TSE-like symptoms
before 1986. In addition, thereis no evidence that any TSE existsin the wildlife of Africa (Horn
2001).

2.3  Sourcesof BSE Infectivity

This section describes potential sources and pathways by which BSE infectivity could be
introduced into the U.S., including the devel opment of a spontaneous BSE case (Section 2.3.1),
the import of an infected animal into the U.S. (Section 2.3.2), scrapie (Section 2.3.3), oral
ingestion of tissue or material containing chronic wasting disease infectivity (Section 2.3.4),
horizontal or lateral transmission of chronic wasting disease (Section 2.3.5), transmissible mink
encephal opathy (Section 2.3.6), TSEsin pigs (Section 2.3.7), TSEs in chickens (Section 2.3.8),
and contamination from recycled products, including plate waste, gelatin, milk, blood and blood
products, and tallow (Section 2.3.9).

231 Spontaneous BSE

A potential way in which BSE could be introduced into the United Statesis the
development of a spontaneous case of a BSE in anative animal. A “spontaneous case” is one that

occurs in an animal with no known risk factors for development of BSE. The presumed
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mechanism by which a BSE could occur spontaneously is by the mutation of the PrP geneto a
form that codes for PrP*, and subsequent recruitment of PrP° until disease is manifest (Prusiner
1989); (for areview see: (Chesebro 1999). Thereis no direct evidence of this mechanism,
although some argue that all mammals might have alow spontaneous rate of TSE (Hueston
1997). In addition, atransgenic animal over-expressing the PrP gene has apparently replicated
the human TSE GSS (Hsiao 1991). Recent results, in which mice expressing the same point
mutation but at normal levelsfailed to devel op disease (Manson 1999), suggest the mutations
may increase susceptibility rather than directly cause the disease. Although at thistimethereis
no scientific evidence suggesting that spontaneous BSE exists, the BSE Inquiry suggested that
TSEs could possibly develop sporadically in other species, asthey do in humans (BSE Inquiry
2000a). In contrast, the Review of the origin of BSE (Horn 2001) concluded that although the
spontaneous case hypothesis cannot be excluded, there is no evidence supporting the presence of

sporadic form prion disease in cattle or sheep.

It is not possible to determine for any particular TSE whether the origina cause was a
mutation or transmission of disease from another species or from the same species. For example,
transmissible mink encepha opathy (TME) has no known origin. There are a number of theories,
most of which focus on transmission from another species (Marsh 1991). In the case of BSE,
thereislittle evidence from the epidemiol ogy to suggest that cases arise without some exposure
to infectivity (Wilesmith 1991; Kimberlin 1994; Horn 2001). On the other hand, there are a small
number of cases for which there are no known risk factorsin the UK (MAFF (Ministry of
Agriculture Fisheries and Food - now Dept for Environment Food and Rural Affairs) 2000) and
in Denmark (Tegtmeier 2001).

The existence of a spontaneous form of TSEsin animalsis controversial. In humans,
cases of CJD in persons with no known risk factors or exposure to the disease occur at an annual
incidence of approximately one per million. The incidence appearsto be relatively constant
around the world, regardless of diet, environment, or other factors that may hypothetically
influence disease rates. Casesin individuals with no known risk factors are often referred to as
“gporadic CJD.” The etiology of sporadic CJID is unknown. Sporadic CID appears almost
exclusively in humans more than 50 years old. Cases appear to occur without a predictable
epidemiological pattern (Will 1986; Brown 1994b). Sporadic CID accounts for 85% of all cases
and these cases are characterized by aclinical course that is relatively rapid, although rare

variants have shown an extensive duration of clinical illness (Brown 1984). It is sometimes
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asserted that the rate of sporadic CJD in humansis likely to be representative of the rate of
spontaneous BSE in cattle (Biopharm 1997), athough the rate in cattle has never been directly

measured and may in fact be zero.

2.3.2 Import of BSE Infectivity into the United States

This section describes the potential for the import of BSE infectivity into the U.S,, in the
form of either infected live cattle (Section 2.3.2.1) or contaminated feed materia (Section
2.3.2.2).

2.3.2.1 Imported Live Cattle from the UK

The U.S. imported animals from the UK during that country’s BSE epidemic. Between
January 1, 1981, and July 1989, the United States imported 334 cattle from the UK. Ninety-six
percent of these animals were beef breeding stock, while the remaining four percent were dairy
cattle. In 1989, the U.S. prohibited the import of ruminants from countries affected by BSE.

Of the 334 UK imports, 161 were disposed of in a manner that eliminates the possibility
that they could have contaminated either human food or animal feed. The remaining 173 cattle
were imported before the peak of the epidemic, and none came from a birth cohort in which a
BSE caseis known to have developed (Detwiler 2001). Of these 173, 164 (94.8%) were beef
breeding animals and nine (5.2 %) were dairy animals. It is possible that remains from some of
the 173 cattle imported from the UK between 1980 and 1989 could have ended up in either

animal feed, human food, or both. Section 3.4.3 describes our risk assessment of this scenario.

2.3.2.2 Imported Cattle from Continental Europe

Between 1983 and 1987 397 breeding cattle were imported from Switzerland, France,
Italy, and Belgium. These animals were beef breeds except for ten dairy animals imported from
Francein 1984. From 1996 to 1997, there were also 46 animals imported from Belgium,
Germany, Austriaand Italy. Because the vast majority of the imports from continental Europe
occurred before 1988, they pose only alimited risk to the U.S. All animalsimported after 1996
have been traced and their movements controlled. Thereistherefore virtualy no risk that these
imports introduced BSE into the U.S. cattle population. Finaly, two head of cattle imported from

Belgiumin 1996 are aso under quarantine.
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2.3.2.3 Imported Cattle from Non-European Countries

It is estimated that since 1986, the U.S. has imported from Canada and Mexico between
750,000 and 2.5 million animals annualy. The vast mgority of the cattle (at least 80%) are
animals for feeding or daughter. The cattle imported from Canada for immediate slaughter are
sent to slaughterhouses in sealed trucks. All identification is collected at the time of daughter
and they are noted as animals of Canadian origin. These imports are extremely unlikely to pose a
risk of introducing BSE into the U.S.

2.3.2.4 Imported MBM and Feed

There are no reliable data documenting the type and composition of feed imported into
the U.S. between 1980 and 1990. Current APHIS regulations prohibit the import of ruminant

meat and edible products produced from animals in regions where BSE has been documented.

USDA reportsthat no MBM was imported from the UK between 1980 and 1990. Since
1989, MBM has been imported from New Zealand, Canada, Chile, Peru, and Australia. Most
MBM came from Canada (an average of 25,000 metric tons per year). Chile exported to the U.S.
only 3,000 metric tons of MBM in 1989. Peru exported 15,000 metric tons of MBM to the U.S.
in 1989 and 4,000 metric tonsin 1990. Panama exported 7,000 metric tons of MBM in 1989 and
4,000 tonsin 1990. It isimportant to note that: 1) the U.S. produces approximately 60% of the
rendered materials generated globally (Rudbeck 1999); 2) the U.S. is mainly an exporter of
MBM; and 3) shipping MBM to the U.S. from overseas is unlikely to be economically
competitive (Franco 2001).

The geographical assessment of BSE in the U.S. (European Union Scientific Steering
Committee 2000d) reported the export of mammalian meal and flour from the UK in 1981 (12
tons), 1984 (10 tons), 1985 (2 tons), 1989 (20 tons), and 1997 (37 tons). The U.S. does not have
corresponding import statistics for 1989 (USDA-APHIS 2000). It islikely that the materials
imported in 1997 included non-mammalian protein because the UK Overseas Trade statistics did
not specifically report separate values for MBM, but instead subsumes this materia in the
category, “flours and meals of meat and offals, unfit for human consumption, greaves’. In
addition, since the adoption of the Commission Decision 93/239/EC on March 27, 1996, it has
been illegal to export from the UK meat meal, bone meal, and MBM derived from mammals.
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MBM imported prior to the peak of the epidemic in the UK is not thought to pose a substantial
BSE risk. Most importantly, MBM is used for pet food and other products and poses little
exposurerisk to cattle. Finally, although it is possible that MBM from the UK entered the U.S.
via athird country, thereis no evidence that has occurred. In summary, past MBM imports pose
little risk of exposing U.S. cattle to BSE.

2.3.3 Domestic Scrapie

Thefirst case of scrapie diagnosed in the U.S. occurred in 1947. Various control and
eradication programs have existed since 1952 when the disease became nationally reportable. At
that time, when the disease was confirmed in aflock, the flock was quarantined and then
depopulated. 1n 1957, the regulations were amended to include location and subsequent
depopulation of the of source flocks. Different surveillance approaches have been ingtituted since
that time (e.g., the bloodline surveillance program and reporting incentives). The Voluntary
Scrapie Flock Certification Program, approved in 1997 was designed to monitor flocks and
certify the status of the animals enrolled in the program (U.S. Department of Agriculture 2000).
This programis till in effect.

The precise prevalence of scrapiein sheep inthe U.S. isunknown. Itislikely that
changes in the national scrapie control and eradication program affected the reporting of
potentially infected sheep. Statistics from the period between 1947 and 1992 indicate that during
this period, there were atotal of 1,117 affected sheep from 657 flocks located in 39 states
(Wineland 1998). The number of scrapie-positive flocks increased slightly between 1965 and
1992, probably reflecting changes in reporting protocols and changes in incentives offered to
farmersto report affected animals. One hundred sixty-eight rams and 949 ewes were a'so
reported to be scrapie-positive during the study period. Annual mortality dueto scrapie in aflock
isusualy low (threeto five percent), athough higher mortality rates of up to 50% have been
reported (Detwiler 1992). In Great Britain, the prevalence of detectable scrapie infection in the
dlaughter population was estimated to be 0.11% in 1997/1998. This detectable rate probably
corresponds to atrue infection prevalence in the same population of up to 11% (Webb 2001).
Table 2-1 details the number of sheep condemned with scrapie in the U.S.
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Table2-1
Sheep Condemned With Scrapiein the United States:
Fiscal Year 1998

Animal Category Number Number Per cent
Slaughtered Condemned Condemned
Mature Sheep 181,615 3,480 1.92
Lambs and Y earlings 3,272,844 3794 0.12
Goats 396,473 1505 0.38

The epidemiology of scrapie in the U.S. has reflected changes in the surveillance of the
disease, reporting requirements, and in reporting incentives. The geographic concentration of
scrapie-positive flocks in certain states has been attributed to the level of surveillance conducted

within those states. No seasonal incidence pattern has been associated with scrapie.

The BSE epidemic in the UK influenced the processing of animal proteinsin the United
States. 1n 1989, the National Renders Association (NRA) and the American Protein Producers
Industry (APPI) recommended a voluntary ban on the processing of dead sheep. Consequently,
the proportion of renderers processing inedible sheep offal also declined (Eastern Research Group
1996). Later, the FDA prohibited the use of all ruminant proteinsin ruminant feed (U.S. Food
and Drug Administration 1997).

234 Chronic Wasting Disease: Oral Exposure

Chronic-wasting disease (CWD) is a spongiform encephal opathy recognized for the first
time in captive deer at a Colorado research facility in 1967 and later in Rocky Mountain elk at a
Wyoming research facility in 1978 (Williams 1980). Additionally, CWD was confirmed in mule
deer in 1977 (Williams 1980), and in free-ranging deer and elk in afive county region in
Colorado and Southeastern Wyoming (Williams 1982). In high-risk areas, the prevalence of the
disease is estimated to be between five and six percent, and in the surrounding areas, the
prevalence is estimated to be around one percent (Miller 2000). Outside the U.S., CWD has been
diagnosed on game ranches in Saskatchewan, Canada since 1996. In 2001, the Canadian Food
Inspection Agency (CFIA) confirmed that awild mule deer in Saskatchewan had tested positive
for CWD (Venter 2001), representing the first case of CWD in the wild animal population in
Canada (Canadian Food Inspection Agency Animal Products Animal Health and Production
2001).
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CWD is characterized by aprogressive loss of body condition and by neurologic changes.
It is believed that the infection is passed between animals via horizontal transmission. Most of
the animals dying naturally from the disease are between the ages of two and seven years.
Polymorphism in the PrP gene in elk has been associated with changesin the susceptibility to
infection (O'Rourke 1999). Extensive nationwide surveillance started in 1997 in an effort to
better understand the geographic location and magnitude of the problem (U.S. Department of
Agriculture 20014).

A small number of deer are commercially slaughtered for human consumption every year
(U.S. Department of Agriculture 1998). These animals are usually younger than 1.6 years and are
not likely to be recycled into ruminant feed (Floyd 2001). Hunters often process the cervids they
kill themselves or use local butchers. In these cases, high-risk materials may be further processed
at a prohibited rendering facility. Game deer are fed with protein supplements that contain small

amounts of vegetable supplemental protein (Floyd 2001).

Although CWD has been transmitted to cattle via i.c. inoculation, transmission by natural
routesto cattle is very unlikely to occur (Hamir 2001). For example, cattle orally inoculated with
CWD infected brains have not shown any evidence of infection (Williams 2001). Invitro
experiments investigating the conversion of bovine PrP° by PrP“"P suggest evidence of a
molecular barrier limiting the susceptibility of cattle (Raymond 2000). Moreover, even if CWD
could be transmitted to cattle, it is not clear it could cause BSE. For example, preliminary
analysis of intracerebral inoculation of cattle with CWD revealed no typical TSE lesionsin brain
but did reveal the presence of PrP* by immunuhistochemistry, Western Blot, and electron

microscopy in three animals 22-27 months post-inoculation (Hamir 2001).

Even if CWD exposure can cause BSE, it islikely that the species barrier is substantial.
In vitro assays have suggested that homol ogy between an infectious and endogenous PrP
molecule influences the rate and likelihood of conversion from PrP° to PrP*, dlowing the TSE
disease to develop in the host (Priola 1994). In vitro studies have also shown differences between
bovine PrP and PrP“*® and these differences may represent a substantial species barrier. For
example, Raymond et al. (Raymond 2000) reported that the cell-free conversion efficiency
between bovine PrP® and PrP“"'® is between five and twelve orders of magnitude weaker than
inter-cervid transmission. This finding suggests that the species barrier may be between 10° and
10" (Raymond 2000).
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Ascertaining the potential risk posed by oral exposure to CWD is further complicated by
the following sources of uncertainty. First, there are no accurate statistics documenting the
number or type of deer and elk killed by hunters. Second, the type of deer and elk that can be
hunted in different geographic areas varies. Third, the disposition of deer and elk remains after
slaughter is uncertain. Finally, the prevalence of the disease in all but the highest risk areasis

unknown.

235 ChronicWasting Disease: Lateral Transmission

Direct contact between cattle and cervids in regions where CWD is prevalent may
provide another pathway by which cattle may become infected. Epidemiologic modeling
suggests that among cervids, environmenta contact provides a pathway for the spread of CWD
(Miller 2000). Moreover, the prevalence of the disease under experimental conditions appears to
be extraordinarily high. For instance, when deer within the endemic research facilities have been
introduced into CWD negative deer herds, the disease quickly reaches a prevalence of 50% to
60% (U.S. Food and Drug Administration 20014).

Nonetheless, there is no evidence that CWD can cause TSEs in cattle. Asnoted in
Section 2.3.4, any such transmission would be limited by what appears to be a substantial species
barrier. Moreover, cattle cohabiting with CWD infected deer and elk in aresearch facility in the
endemic area have shown no evidence of infection (Williams 2001). Findly, targeted
surveillance of cattle brains (by immunohistochemistry and histopathol ogy) from endemic areas
have failed to reveal the presence of CWD or any other TSEs (Gould 2000).

2.3.6 Mink

Transmissible Mink Encephalopathy (TME) is arare disease known to occur only in
farm-raised mink. Epidemiological studies have suggested that TME is a foodborne disease with
an incubation period of between seven months and ayear (Hartsough 1965). The diseaseis
characterized by along incubation period, aclinical course of several weeks, and neurol ogical
changes. Mink experience increased aggressiveness, hyperexitability, ataxia, and hyperaesthesia.
Cases in Wisconsin and Minnesota were recognized on mink ranches as early as 1947. Outbreaks
have been reported in Ohio, Canada, Finland, Germany, and Russia. Five outbreaks have been
recorded in the U.S,, affecting atotal of 23 mink ranches (Hartsough 1965; Hadlow 1987; Marsh
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1991). Three of the outbreaks in Wisconsin were associated with the use of fallen or sick cattlein
mink feed (Hartsough 1965; Marsh 1991). However, there is no consensus over the source of
disease initiating these outbreaks. The rancher involved in the Stetsonville, Wisconsin outbreak

claimed that his mink were fed only dead stock and that they were never fed sheep.

In theory, transmission of TME to abovine could cause BSE. Inoculation of cattle with

TME viai.c. administration resulted in spongiform encephal opathy a short time later (Marsh
1991; Robinson 1995). In addition, cattle passage of TME remains pathogenic to mink when
administered either orally or viai.c. (Marsh 1991). According to Marsh, these results suggest that
the species barrier between mink and cattle may not be substantial. To protect against the
possibility that TME might be transmitted to cattle, the FDA prohibits use of mink proteinin
ruminant feed. Mink are considered prohibited materials. The relatively small number of farmed
mink, their small size, and recycling prohibitions make transmission of a prion disease from mink

to cattle extremely unlikely.

237 Pigs

Thereisatheoretical risk that cattle could be exposed to a TSE as the result of
consuming feed supplemented with porcine-derived protein. Moreover, the fact that federal
regulations classify protein from pigs as non-prohibited increases the potential for cattle to be

exposed to any infectivity they may harbor.

There are two potential sources of this exposure: a natural TSE that infects pigs (Section
2.3.7.1), and BSE-contaminated feed in the gut at the time the pig is slaughtered (Section 2.3.7.2).
In practice, neither infectivity source will make a substantial contribution to cattle exposure
because only a small portion of porcine-derived MBM is used as cattle feed. One reason for the
limited use of porcine-derived protein in cattle feed derivesin part fromits price. For example, in
May, 2001, the price of porcine-derived protein was $238/ton, compared to $177/ton for soy
protein (Southern States Cooperative 2001). In addition, much rendered porcine protein is used
in feed for pigs

The remainder of this section outlines additional factors that influence the importance of

this potentia source of TSE exposure among cattle. Because this sourceis unlikely to be

significant, we do not address it quantitatively in our risk assessment (Section 3).
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2.3.7.1 Potential Infectivity in Pigsdueto TSE Infection

Pigs might become infected with a TSE as the result of any of the following possibilities:

. The existence of a porcine-specific TSE agent;

. A nonspecific TSE agent not yet adapted to pigs that has an incubation period
that islonger than the life of the pig; or

. The spontaneous misfolding of the prion protein leading to a spontaneous TSE
casein porcine.

Consumer groups in the U.S. have expressed concern that it may be possible for apig to
become infected with aTSE. This concern stems from a 1979 incident in which one of 60 pigs
presented with clinical neurologic signs, neurological degeneration, and gliosis on
histopatol ogical examination (Hansen 1999). However, further testing showed that the lesions
were not patognomonic of spongiform encephal opathy (Detwiler 2000). Moreover, the animal in
guestion was young, a factor that isinconsistent with the TSE diagnosis. SSC (Section 4.1ain
(European Union Scientific Steering Committee 1999b)) concluded that these factors argue

against the presence of an unrecognized spongiform encephalopathy in pigsin the U.S.

Other evidence also suggests that the existence of a porcine-specific TSE agent is
unlikely. No naturally occurring TSE has ever been reported in pigs (European Union Scientific
Steering Committee 1999b). Moreover, pigsinoculated orally with BSE have not developed
disease (European Union Scientific Steering Committee 1999b). Experimental inoculation of
pigs with different strains of Kuru via parenteral administration did not lead to spongiform
encephal opathy 52 to 76 months post inoculation (Gibbs 1979). A similar result was reported for
pigs challenged with scrapie (European Union Scientific Steering Committee 1999b) up to 63
months after inoculation. Pigs have also been challenged with brain material from cattle naturally
infected with BSE by combinedi.c., i.p., andi.v. routes (Dawson 1990). Thisexperiment is till
ongoing but preliminary results show that seven of ten pigs devel oped spongiform
encephal opathy (Ryder 2000). Experiencein the UK during the BSE outbreak, when swine had
significant exposure to BSE contaminated feed, suggests that the disease did not cross the species
barrier to infect pigs (MAFF (Ministry of Agriculture Fisheries and Food - now Dept for
Environment Food and Rural Affairs) 2001b).
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In an ongoing experiment in which ten pigs were subject to oral challenge with large
amounts of brain from cattle naturally infected with BSE, none of the animals have devel oped
clinical disease or neuropathologic changes. The oral challenge consisted of homogenized brain
from confirmed cases of BSE. Each pig received 1.2 kg of brain divided into three doses
administered at intervals of one week. Mouse bioassays of neural and non-neural tissues from
pigs killed at 84 months post inoculation were initiated in October and November, 1997 and were
completed in May, 2000. As of the drafting of thisreport, there is no evidence of residua
infectivity in any of the tissues. These findings may indicate that the species barrier between pigs
and cattleis higher than the species barrier between cattle and humans or between cattle and other
animals that have developed spongiform encephal opathy after exposure to BSE-contaminated
MBM.

The fact that a naturally occurring spongiform encephal opathy has never been reported in
pigs may indicate that pigs are particularly resistant to this type of disease. That is, the species
barrier between pigs and other species may have prevented the transmission of natural disease to
pigs. For example, it isvery likely that pigsin the UK were exposed to substantial doses of
contaminated MBM before the implementation of the UK feed ban. Although most pigs are
daughtered at a very young age, there are a significant number of sows and boars that usudly live
until age four. The fact that parenterally challenged animals devel oped disease 17 months post
inoculation suggests that these four year old animals were sufficiently old to develop disease.
Other species serve as examples. Marsh et al. (1969) noted the recovery of TME from the spleen
of one chicken, and from spleen, caecom, tonsils, and bursa of Fabricius after i.v. inoculation.
Race and Chesebro (1998a), have shown that after inocul ation of mice that either did or did not
express the prion protein (PrP) gene with the hamster scrapie strain 263K, no clinical disease was
produced in mice. However, infectivity found in the brain and spleen of mice expressing the
prion protein was capable of causing disease in hamsters but not in mice. Hill et a. (2000), have
shown the possible presence of subclinical TSE in certain animals by demonstrating that a strain
of hamster prions thought to be nonpathogenic for conventiona mice leads to high levels of prion
replication in such mice without causing clinical disease. Alternatively, it is possiblethat casesin

pigsin the UK have gone unnoticed.

Finally, even if pigs could become infected with a TSE, most are daughtered at a young

age, making it unlikely that the disease would have time to generate more than a small amount of
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infectivity. For example, in 1998, more than 95% of the pigs daughtered in the U.S. were no
older than six months (U.S. Department of Agriculture 1998).

2.3.7.2 Potential Infectivity in Materials Consumed by Pigs

Even if pigs do not become infected with a TSE, contaminated material may be present in
their digestive tract when they die. In particular, if feed administered to pigs contains cattle-
derived MBM that is contaminated with BSE, pigs could harbor BSE in their alimentary tract.
The following discussion outlines several factors suggesting that the potential islimited for BSE

to be recycled through the guts of pigs.

First, most pigs are not exposed to cattle-derived MBM because there are many other
economical sources of protein. For example, inthe U.S., soybean meal is usually the most
economical source of high quality protein available for porcine diets. It is comparable to animal
proteinsin terms of the quality of its amino acid components and can be used as the only protein
source in most swine diets. Other sources of proteinsfed to pigs include porcine MBM, peanut
meal, fish meal, cottonseed meal, canola meal, sunflower meal, and raw soy beans. The amount
of protein added to feed varies based on the specific needs of the animal asit grows. MBM,
blood meal, and plasma can comprise between 2.5 and 5 percent of feed for pigs between
weaning and 60 days of age and during the animal’ s growing and finishing stages. Becauseitis
not uniformly used, it islikely that approximately 80% of the pigs grown in the United States

never receive MBM.

Second, even among pigs that do receive cattle-derived MBM, it islikely that little if any
feed would remain in the Gl system at the time of processing because pigs are usually sent to
daughter after restricting feed intake for 14 to 16 hours.

Third, due to the high water content of the Gl tract, its contents are unlikely to be

rendered.
Finally, if the gut contents are rendered, any BSE-contaminated material that does make

its way back to cattle will have gone through rendering twice, thus providing an additional

opportunity for infectivity to be destroyed by this treatment.
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2.3.8 Poultry

Many of the same factors that make pigs an unlikely source of infectivity for cattle also
make chickens an unlikely source. Asaresult, we do not quantitatively address this source in our

risk assessment (Section 3).

Asisthe case with pigs, experimental data do not support the existence of apoultry-
specific TSE. Experiments have subjected chickens to TSE challenge via both the parenteral and
oral adminigtration routes. The chickens challenged orally received five grams of brain from
cattle confirmed to have BSE on three occasions at four, five, and six weeks of age. The chickens
challengedi.c. received 50 ul of a 10% saline suspension of brainstem materia from these cattle
at one day after birth and one ml at two weeks after birth. No evidence of transmissible
encephal opathy was found (European Union Scientific Steering Committee 1999b). In addition,
there is no evidence to date of residua infectivity in any tissue (Detwiler 2000). Even if there
were a poultry-specific TSE, the fact that chickens are typically slaughtered at an early age makes

it unlikely that a prion disease would have time to devel op.

Although chickens themselves appear to pose no substantial risk to cattle of exposureto a
TSE, the use of chicken litter as afeed supplement could pose arisk (Public Citizen 2001) that
should be investigated further. It is possible that cattle-derived protein feed supplements
administered to chicken could contain BSE infectivity, and that BSE infectivity could pass

through chicken and become available in cattle feed supplemented with chicken litter.

2.3.9 Recycled Products

Several products that can be used in ruminant rations have the potential of harboring

infectivity. The FDA does not exclude from ruminant feed the following products derived from

mammals:

. Plate waste: Inspected and processed meat products that have been cooked and
offered for human consumption and further heat processed for feed (such as plate
waste and used cellulosic food casings);

. Gelatin,

. Milk products (milk and milk proteins),

. Blood and blood products,
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. Tallow, grease, fat, oil
. Aminoacids, dical cium phospahate, and
. Mammalian protein, which consists entirely of porcine or equine protein.

2.3.9.1 Plate Waste

Plate waste is defined to be food products that have been inspected by the FSIS or an
equivalent state agency, cooked, and presented for human consumption. Plate waste often comes
from large institutions, such as amusement parks or hotels. It consists of food items that have
been cooked and presented for human consumption. Plate waste can undergo any of the
following heat treatments: conventional rendering, extrusion and cooking at 212 °F for 30
minutes (Swine Health Protection Act), pelleting at either 190 °F (internal temperature), or
pelleting at temperatures similar to those of conventional rendering. This additional treatment
using high temperature and pressure may further reduce the amount of infectivity that might bein
this material.

There are approximately half a dozen processors of plate waste in the United States. The
final product competes with grainsin the formulation of feed, although at thistime, it isnot a

cost-effective option because of the high processing costs.

Bakery products comprise approximately 90% of all plate waste going to animal feed.
The remainder consists of eggs, dairy products, fish and other products of animal origin.
Therefore, plate waste consists mostly of non-meat products (U.S. Food and Drug Administration
1997). Because plate waste is high in moisture content, vegetable proteins must be added (50%
to 60%), and it must undergo further processing to aid the dehydration and extrusion process.
The best estimate is that plate waste consists of between two and four percent bovine tissue.
APHIS has expressed concern that plate waste could contain infective tissue, such as brain and
spinal cord (U.S. Food and Drug Administration 1997), but such tissues are unlikely to be present
in any substantial quantity in plate waste.

We assume that high risk tissues (i.e., brain) are extremely unlikely to be included in
plate waste. Plate waste might contain on occasion spinal cord contamination or spinal cordin a
T-bone steak. Because T-bone steaks originate from younger cattle, the likelihood of carrying
infectivity at the time of slaughter is extremely low. In addition, spina cord is unlikely to be
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included in the product (U.S. Food and Drug Administration 1997) because T-Bone steaks are
unlikely to be included in plate waste.

In conclusion, current practices make the amount of infectivity in plate waste to which
cattle could be exposed very small. Plate waste consists of little mammalian protein, and the
tissues that are included in this waste are unlikely to contain BSE infectivity. Moreover, plate
waste undergoes a substantial amount of heat treatment, which would further reduce the level of

infectivity in this material.

2.3.9.2 Gelatin

FDA regulations alow the feeding of gelatin to ruminants because it has not been shown
to harbor infectivity. SSC considers gelatin, amino-acids, and dical cium phosphate to be safe if
processing ensures that all material is subjected to degreasing, followed by acid and/or akaline
trestment, heating to 120°C, and then heating to 138-140°C for four seconds. (European Union
Scientific Steering Committee 1998b). We assume that recycling this material poses little risk of
exposing cattle to BSE.

2.3.9.3 Milk

FDA regulations do not prohibit the use of milk in cattle feed. No infectivity has been
detected in milk or in the udder (mammary gland) of cows (as measured by the mouse bioassay)
(Wells 1998). At thistime, there isno evidence that any of the TSEs can be transmitted through

milk.

SEAC considers milk to be safe and has concluded that there was no reason, following
the interim results of a cohort study, to change this position (Spongiform Encephal opathy
Advisory Committee 1999a; Spongiform Encephal opathy Advisory Committee 1999b). The
World Health Organization has also issued a statement that concludes that milk is safe, most
recently in June 2001 (WHO 2001). SEAC reviewed the processing and use of milk in the light
of research implicating lymphocytes in the pathogenesis of TSEs (Spongiform Encephal opathy
Advisory Committee 1999a; Spongiform Encephal opathy Advisory Committee 1999b). The
Committee noted that there was no evidence of infectivity in the spleen or lymph nodes of cattle
infected with BSE. In an opinion on the vertical transmission of BSE, the SSC also concluded

there to be no reason to restrict the use of milk. However, SSC does recommend that as a
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precautionary measure, milk from BSE-affected cows be kept out of the human food supply
(European Commission 1999b). We assume that recycling this material poses little risk of

exposing cattle to BSE.

2.3.9.4 Blood and blood products

No detectable infectivity has been found in blood or blood components of cattle infected
with BSE (Wells 1998; Bradley 1999; Wells 1999; MAFF (Ministry of Agriculture Fisheries and
Food - now Dept for Environment Food and Rura Affairs) 2001a). Unlike TSEs affecting other
animals, infectivity has not been detected in spleen or lymph nodes of cattle experimentally
infected with BSE during either the incubation period or after manifestation of clinical signs.
Infectivity in blood has been found in sheep experimentally infected with BSE (Foster 1996). It
is possible that in the cases of Scrapie, CWD, vCJD, and perhaps BSE in sheep, the lymphoid
tissue plays an important role in the pathogenesis of the disease (Sigurdson 1999; Andreol etti
2000; Ironside 2000). Some have speculated that neuroinvasion can occur directly via periphera
nerves or via the lymphoreticular system and then subsequently the peripheral nerves (Glatzel
2001). Evenif infectivity does exist in the blood of BSE-infected cattle, the total amount of
infectivity is below the level of detection of the mouse bioassay. We assume that recycling this
material poses little risk of exposing cattle to BSE. We do evaluate the potential for BSE
infectivity to be present in blood as CNS micro-emboli (Section 3.1.2.3). In our sensitivity
analysis, we characterize the effect of assuming inherent infectivity in blood at the level of
detection (Section 3.2.2.1).

2.3.9.5 Tallow

The World Health Organization has concluded that because of the proteinaceous nature
of TSE agents, they will tend to remain with the cellular residues of MBM during the extraction
process, rather than being extracted with the lipids of tallow (WHO 2001). In addition, a
rendering study funded jointly by the EU and MAFF in 1997 showed that tallow can be
considered to be safe even if its treatment does not achieve the 133°C/20 minutes/3 bars of
pressure minimum treatment standard (Taylor 1997b). We assume that recycling this material

poses little risk of exposing cattle to BSE.
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24  Measures Taken to Protect Against BSE

Protecting against the introduction of BSE into a country requires policies that are based
on prohibitions and restrictions. Regulations mainly prohibit the import of feed, feeding
materials or animals from countries with BSE, and ban recycling of ruminant materialsinto
ruminant feed. In countrieswith BSE, one common risk management strategy is the removal of
infected tissues from the human food supply or animal feed. Minimizing the spread of diseaseis
complicated because BSE animals may not show clinical signs of disease for an extended period
after becoming infected and the agent cannot be deactivated readily once it contaminates feed.
After describing these problems (Section 2.4.1), this section discusses actions taken in the UK to
address its epidemic (Section 2.4.2), actions taken in Europe to prevent the spread of BSE beyond
the UK (Section 2.4.3), measures taken in the United Statesto prevent the introduction of BSE
(Section 2.4.4), and surveillance measures in the United States (Section 2.4.5).

24.1 General Issues Related tothe Surveillance of BSE and the Deactivation of the BSE
Agent

Thereisno pre-clinical or clinical test available to identify BSE in the field except when
the disease is very near the end of itsincubation period. Diagnosisin alive animal is based on
clinical signs. Most commonly, the animal presents with changesin temperament, such as
nervousness or aggression, abnormal posture, lack of coordination, difficulty in rising, or loss of
body condition despite continued appetite. Specific clinica signsinclude abnormal head and ear

position, apprehension and nervousness, apparent blindness, and exaggerated responses.

Microscopic examination is performed post-mortem and requires brain material
preserved in formalin. Thistissueisthen stained and examined for the characteristic appearance
of BSE specific changes. Microscopic examination isrequired by the EU Diagnostic Manual
(European Commission 1999a; European Commission 2000) and by the Office International des
Epizooties (OIE) (2000). The brain neuropathology of BSE resembles that of natural scrapiein
sheep: astrogliosis, intracellular vacuolation affecting the gray matter neutropil and perikarya
giving the distinctive appearance of spongiform changes, neuronal loss, and cerebral amyloidosis

generally represent the most prominent changes (Wells 1991).

Other validated tests for postmortem diagnosisinclude:
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. The detection of disease-specific brain changes by electron microscopy (scrapie
associated fibrils, SAF);

. The detection of the abnormal form (PrPP*5) of the host protein (PrP°) by
immunological means such as immunobl otting, immunohistochemistry (used as a
confirmatory diagnoses by the EU); and

. Detection of infectivity in tissues by bioassay (usually i.c. injection into mice).

Newer tests have been devel oped that are capable of detecting pre-clinical cases and of
screening animals before daughter. These tests have high sensitivity and specificity for detecting
and confirming BSE for diagnostic purposes and can detect disease in animals not showing
typical signs at daughter (European Commission 1999a). So far, the sensitivity and specificity of
the newer tests have not been shown to be better than that of immunohistochemistry at similar
preclinical stages of the disease (Detwiler 2000). The testsinclude:

. An immunobloting test based on the Western Blotting procedure for the detection
of Pr”™ using monoclonal antibody (Prionics);

. A chemiluminescent ELISA using polyclonal anti PRP antibody for detection
(Enfer); and

. A sandwich immunoassay for PRP* (CEA).

All of these tests are very rapid, with results obtained within 24 hours. Results from the
Swiss surveillance system show that the Prionicstest could be used to target populations other
than those with clinical signs of the disease (Doherr 1999; European Commission 1999a; Schaller
1999). Although these tests can detect PrP™ before the animal shows clinical signs of the
disease, it is not clear at what point during the incubation period the test would reliably yield

positive results. It appearsthat their utility is primarily near the end of the disease progression.

There are no commercially available methods for detecting the BSE agent in food. On
the other hand, food and food products can be screened to detect high risk tissues, such asbrainin
sausages (European Union Scientific Steering Committee 1999a; Lucker 2000), spinal cord in
ground beef (Schmidt 1999; Schmidt 2001), or Advanced Meat Recovery (AMR) product (Kelley
2000; Schmidt 2001), and central nervous system tissue in the blood of animals stunned with
pneumatic stunners (Garland 1996; Anil 1999; Schmidt 1999).
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TSE agents are known for their capacity to survive severe environmental conditions such
as desiccation, thermal extremes and UV exposure. Autoclaving, sodium hydroxide and sodium
hypochlorite can achieve some level of inactivation but only under the most severe conditions.
Currently there is no method to inactivate BSE that may be present in food for human

consumption.

242 Actionsto Address BSE in the UK

Soon after the BSE epidemic emerged in the UK, several measures were taken to
decrease the incidence of the disease in animals and the potential exposure of humansto
potentially infected meat products (MAFF (Ministry of Agriculture Fisheries and Food - now
Dept for Environment Food and Rural Affairs) 2000). The disease became natifiable in 1988,
requiring that all cattle suspected of having BSE be destroyed and sent for diagnosis. Upon
confirmation of the role of animal feed in the epidemic in 1988, the UK banned the use of MBM
asan ingredient in feed produced for ruminants. In September 1990, there was a ban on the use
of Specified Bovine Offals (SBO) as an ingredient in feed stuff for any species. Thislegisation
banned from the animal feed chain tissues identified as potentially harboring the highest
concentration of infectivity. This determination was made based on knowledge of the distribution
of infectivity in animals infected with scrapie (Hadlow 1980; Hadlow 1982; MAFF (Ministry of
Agriculture Fisheries and Food - now Dept for Environment Food and Rural Affairs) 2001c).
Feed-borne BSE infections continued even after the imposition of the feed ban, but at a much
lower rate (Anderson 1996). As aresult of these ever more stringent bans to reduce the recycling
of infectivity, the annua incidence of BSE fell by 90% between 1992 and 1997. In March 1996,
the government of the UK imposed atotal ban on the use of mammalian proteinsin feed

produced for farm animals.

During the first few years following theinitial identification of BSE in Britain, the
epidemic was primarily an animal health concern. That focus reflected the experience with
scrapie, which despite its presence in the human food supply for hundreds of years, had never
lead to aknown case of human illness. There was some concern given knowledge of the ability
of scrapie to cross species under certain circumstances and as a result, precautionary measures
were put into place to protect the human food supply, including a ban on the sale of brain, spinal
cord, spleen, thymus, tonsils and intestines from cattle older than 6 months (materials designated

as specified bovine offal or SBO) for human consumption.
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In 1990 a domestic cat was diagnosed as suffering from a‘ scrapie-like’ spongiform
encephalopathy. This event generated concern that BSE also might be transmissible to other
species, including humans. Scientists theorized that if BSE were transmitted to humans, it would
be likely to resemble CJD and suggested that surveillance be put into place to identify atypical
cases or changing patterns of the disease. In 1990 The National CJD Surveillance Unit was set up
at the University of Edinburgh in response to a recommendation from the Working Party on
Bovine Spongiform Encephal opathy (also known as the SouthWood Committee) (UK CJID
Surveillance Unit 2003). In 1994 the Spongiform Encephal opathy Advisory Committee (SEAC)
judged the risk of transmissibility to humans to be remote only because precautionary measures

had been put into place.

In 1996 a new variant of the human Creutzfel dt-Jakob disease (now known as variant
CJD or vCJD) was announced in the United Kingdom. It wasidentified in a small group of
people, al of whom were much younger than most individuals who develop CJD (Will 1996;
CJD Surveillance Unit 2001). These cases shared clinical and neuropathological features that
differed from those of CJD. Asof August 31, 2001, the total number of definite and probable
cases of vCJID reported in the United Kingdom was 106, including 12 probable vCJID deaths for
which neuropathological confirmation will never be possible (CJD Surveillance Unit 2001).
Outside the UK, four vCJD cases have been reported in France, onein Ireland, and one in Hong
Kong. Clinical, pathological and molecular studies provide compelling evidence that the agent
that causes vCJD is the same as that which causes BSE (Collinge 1996; Will 1996; Bruce 1997;
Hill 1997; Scott 1999).

Following the announcement by the UK government that there appeared to be alink
between BSE and vCJID, several additional measures were taken to reduce human exposure to the
infective agent. SEAC recommended in March, 1996 that carcasses from cattle aged over 30
months be deboned and that al obvious lymphatic and nervous tissue be removed in licensed
plants and that the trimmings be classified as SBO. For practical reasons, the ban was extended
to apply to all material from animals more than 30 months of age. When the pathogenesis study
suggested potential BSE infectivity in dorsal root ganglic, a ban on sale so of bone-in-beef was
introduced. The ban on retail sales of bone-in beef waslifted in 1999 following a continued
decline in the incidence of BSE and the implementation of other control measures to protect

against the introduction of BSE into the human food supply.
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Among other measures introduced were the compensation of producers for the loss of
animals due to regulations related to the protection of public health and the eradication of BSE.
Regulations aimed at eradicating BSE included the “selective cull” (implemented in 1997), which
targeted for eradication animals that were the same age as an identified BSE case from their herd.
Another regulation aimed specifically at protecting human health was the so-called “over 30
month scheme” (implemented in 1996), which prohibited the sale of beef from cattle over the age
of thirty months for human consumption. The rational for this ban wasthat cattle over the age of
30 months could carry potentially substantia levels of infectivity in different tissues without
having yet developed clinical signs of the disease. A complete chronology of the measures and
regulations implemented in the UK following the initial outbreak of BSE in 1986 can be found at:

bttg://www.defragov.uklani malh/ bse/|

24.3 Actionsto AddressBSE in Europe

Other countries that have reported cases of BSE imported either animals or animal feed
from the UK. Schreuder et al. (1997) discussed the risk that such imports may have posed. It is
estimated that atotal of 58,000 adult breeding cattle were exported from the UK between 1985
and 1990. The UK also exported MBM during the years that the BSE agent is thought to have
been present in rendering products from the UK. For example, because the price of MBM in
England fell in 1989, exports of MBM doubled during that year (e.g, 15,000 tons of MBM were
exported to France alonein 1989) (Taylor 1997a).

Cases of BSE have been reported in several countries. Some of these cases occurred in
animals directly imported from the UK or in cattle fed with feed containing UK MBM.
Following export of the disease from the UK, small epidemics were observed in Northern Ireland,
Switzerland, France, and Portugal, presumably caused by the rendering and feeding of material
from diseased animals. Few countries in Europe have not reported any BSE cases. Because the
detection of BSE depends on the characteristics of the surveillance system, the absence of a

reported case does not rule out the presence of the disease.

Due to the potential spread of BSE to other countries, the European Union and other

international organizations have taken a wide range of measures to protect human and animal
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health and to stop the spread of the epizootic (European Commission 2001). Some of the most

important measures that have been taken by the international community include the following:

. The World Health Organization (WHO) in 1996 recommended that all countries
ban the use of ruminant tissues in ruminant feed.

. In 1996, the European Commission banned the export of British live cattle, beef,
semen, embryos, and all products produced from slaughter in the United
Kingdom.

. The Office International des Epizzoties (OIE), the world organization for animal

health, has codified the requirements for member countries to be considered BSE
free. A risk assessment of the potential hazardsis a pre-requisite.

. Feed bansin other countries: Since 1996, many countries have started to
implement feed bans.

. In 2000, the Scientific Steering Committee of the EU reported the assessment of
the geographical risk of BSE for 25 countries. This assessment considers the
stability of the agricultural system and the likelihood of BSE occurring in the
country (European Union Scientific Steering Committee 2000c).

. In 2000, the European Commission adopted the decision to remove specified
BSE risk materials from the feed chain and from human food.

. In 2000, the European Commission prohibited the use of certain animal by-
products, including MBM and blood meal (but excluding milk, or fish meal)
from non-ruminantsin feed for any farm animal species (effective January 1,

2001).

. In 2000, the European Commissions extended the SRM list to include bovine
intestines.

. In 2000, the European Commission adopted the decision to test al cattle over 30

months of age. All animals over 30 months that cannot be tested or that test
positive for BSE must be destroyed.

244 Measuresto Prevent the Establishment of BSE in the United States Cattle
Population

After more than 11 years of surveillance of high-risk animals, no confirmed cases of BSE
have been reported in the United States. In cooperation with the USDA FSIS, the Animal and
Plant Health Inspection Services (APHIS) has taken measures in prevention, education,
surveillance, and response to reduce the risk of the introduction of BSE into the U.S. cattle

population.
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BSE became areportable disease in the U.S. in 1986 (see Title 9 of the Code of Federa
Regulations, Parts 71 and 161). Asaresult, USDA must be notified of suspect cases.
Restrictions on imports from BSE countries have been in place since 1989, and active
surveillance efforts began in 1990. Aspart of its surveillance effort, USDA has attempted to
determine the disposition of cattle that were imported from the UK and the Republic of Ireland
between 1980 and 1989. The Department continues to closely monitor the cattle in this group
that have been located and are ill aive.

In 1989, APHIS banned the import of all ruminants and restricted the import of certain
cattle products from the United Kingdom and other countries where BSE was documented. In
1991, APHIS restricted the import of ruminant meat and edible products and banned most
byproducts of ruminant origin from countries known to have BSE in a native animal (Title 9
Code of Federal Regulations, Parts 94.18 and 95.4). Countries whose products were restricted
due to BSE prior to 1997 included: the UK (1989), the Republic of Ireland (1989), Switzerland
(1990), Oman (1990), France (1991), and Portugal (1994). In 1997, the U.S. government
prohibited the import of live ruminants and most ruminant products from all of Europe until a
thorough assessment of therisksis conducted (U.S. Department of Agriculture 2003). In
December, 2000, restrictions included a ban on the import of all processed animal proteins
regardless the species, offal, tankage, ruminant fat, glands, processed fats and oils, and some
tallow. Theimport restrictions in 2001 included a ban on the import of all ruminant meat, meat
products and other edible ruminant products that were stored, processed or otherwise associated
with afacility located in Europe or Oman. In 1990, APHIS developed a plan to respond to a BSE
caseinthe U.S. Thisplan was updated by the APHIS-FSIS BSE working group in 1996.

FSIS performs ante mortem slaughter inspections at all federally inspected slaughter
establishments and veterinary medical officers and food inspectors routinely evaluate animals for
central nervous system disorders. Animals exhibiting suspicious CNS signs that may be
indicative of BSE or any other reportable disease are withheld from slaughter. I1n such cases,
Veterinary Servicesis notified. FSIS maintains a database containing information on ante

mortem and post mortem condemnations triggered by these and other conditions.

The Food and Drug Administration (FDA) controls animal feed, thought to be the main

exposure medium for the transmission of BSE among cattle. FDA prohibits the use of most
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mammalian protein in the manufacture of animal feeds administered to ruminants (U.S. Food and
Drug Administration 1997). Thisregulation is frequently referred to as the “feed ban.” The
regulation exempts the following products. blood and blood byproducts, milk products, pure
porcine and pure equine proteins, plate waste, talow, gelatin, and non-mammalian protein
(poultry, marine, vegetable). Exempted products are considered to be non-prohibited material

and all other mammalian protein is considered to be prohibited material.

The regulation specifies procedures for those renderers, protein blenders, feed
manufacturers and distributors that produce prohibited material, non-prohibited material, or both.
Firms must keep records on the origin of the materials and label prohibited material “Do not feed
to cattle or other ruminants.” Prohibited materials intended for export are exempt from this
requirement and instead must be labeled “For export only.” FDA requiresthat renderers,
blenders, feed manufacturers and distributors selling both restricted and unrestricted products
ensure that the two types of proteins are kept separate throughout processing. For example, there
are minimum requirements for clean-out of the production line directly after the processing of
prohibited materia (e.g., direct cleaning and flushing) before subsequently manufactured materia

can be considered to be non-prohibited.

In early January, 2001 FDA released results of acompliance survey of 9,947 rendering
and feed mills. The data demonstrated that there is significant noncompliance with the feed ban
in segments of the feed industry (U.S. Food and Drug Administration 2001b). Table 2-3

summarizes the results of this survey.
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Table 2-3
FDA Update on Ruminant Feed (BSE) Enforcement Activities (January 10, 2001)

Proportion of Firmsin Compliance

Practice Renders’ FDA Licensed Feed Mills not
Feed Mills licensed by FDA®
Firms whose products 84% 80% 59%

were |abeled with the
required caution statement

Firmswith asystemto 72 91 74

prevent commingling of

prohibited and non-

prohibited products

Firms that followed record 96-98 98 91

keeping regulations

Notes

a. For Renderers--Total number of inspections— 239, firms handling prohibited material — 180.
b. For FDA Licensed Feed Mills— 1,240 total, inspected— 846. Of those feed mills inspected, 347

were handling prohibited material.
C. For Non-FDA Licensed Feed Mills— 4,344 inspected (FDA does not know the total number

because they are not required to be licensed by the Agency, but the number could be between 6,000
and 8,000). Of those feed mills inspected, 1,593 were handling prohibited material.

The FDA has a so taken steps to reduce the risk of contaminating with BSE

pharmaceuticals that contain or are produced with materials of bovine origin. These stepsinclude

the following:

. In 1992, FDA recommended the use of scrapie/BSE-free sources for materials
used in dietary supplements.

. In 1993, FDA recommended that cell lines used for biologics be BSE-free.

. In 1993, FDA requested that bovine sourced materials, except gelatin, used in
manufacture of regulated products be restricted to BSE-free countries.

In 1994, FDA requested that bovine derived material for use in cosmetics and
dietary supplements not be sourced from BSE countries.

. In 1996, FDA recommended the withdrawal of plasma and plasma products
made from pools of persons who later developed CID.

. In 1997, FDA requested more restrictions on the use of bovine gelatin originated
from BSE countries.
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. In 1999, FDA recommended deferring the use of blood from donors with more
than six months cumulative residence in the UK during the period from 1980 to
1996.

245 BSE Surveillancein the United States

In addition to measures intended to mitigate the risk of BSE becoming established or
propagated in the United States, the federal government has also implemented a surveillance
program to help identify BSE as soon as possibleiif it were introduced into the U.S. Since 1986,
when BSE became reportable in the U.S., USDA has encouraged the submission of brain tissue
samples for testing, and has engaged in educating practitionersto look for and recognize the
disease. Brain submissions are examined histologically, and immunohistochemistry has been
used since 1993. USDA is considering the incorporation of rapid diagnostic tests for targeted
surveillance in the future (Detwiler 2001). Between 1990 and July 2001, over 13,900 brains were
examined. For each of the last six years, the rate of surveillance has been approximately double
the OIE standard (OIE 2001). In 2000 and 2001, the number of brains examined was more than
five times the OIE standard.

Animalstargeted for surveillance by APHIS include cattle exhibiting signs of neurologic
diseasein thefield (i.e., prior to being brought to slaughter), cattle condemned at daughter for
neurol ogic reasons, rabies-negative cattle submitted to public health laboratories, neurologic
cases submitted to veterinary diagnostic laboratories and teaching hospitals, and a sampling of
cattle that are non-ambulatory (“downer cattle”) at daughter. Although the signs exhibited by
non-ambulatory animals are generaly not typical of BSE, some have suggested that these animals
are ahigh-risk population based on anecdotal information that a TME outbreak could be linked to
feeding practices involving non-ambulatory cattle (Marsh 1991). In addition, U.S. cattle
inoculated i.c. with North American scrapie strains developed signs inconsistent with BSE signs
manifest in affected animals in Europe but similar to those of non-ambulatory animals (Cutlip
1994; Cutlip 1997). The APHIS surveillance approach takes into account regiona differencesin
the movement of animals. For example, based on movement patterns, the U.S. isdivided into
eight regions where adult cattle would typically live and exit the production system. Based on the
adult cattle populations in each region, APHIS has calcul ated regional surveillance goals for BSE

based on international standards asif each region were an individual country.
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In addition to surveillance for the presence of BSE, The Centers for Disease Control and
Prevention (CDC) monitors the incidence of CJD in the U.S. by analyzing death certificate
information from multiple-cause-of -death data compiled by the National Center for Health
Statistics. Thisinformation also is used to search for possible cases of vCJID inthe U.S. As of
September 2001, no such cases had been identified in the United States. Nor had any changein

the incidence of CJD been observed.
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3 M ethodology

This section has four parts. Section 3.1 describes the simulation model developed as part
of this anaysisto quantify the impact of introducing BSE into the U.S. cattle population on both

animal health and on potential human exposure to contaminated food products.

The description of the model in Section 3.1 reflects assumptions that are part of our “base
case” scenario. This scenario represents the present state of the U.S. cattle population, along with

government regulations and prevailing agricultural practices.

Section 3.2 describes the univariate sensitivity analysis and uncertainty analysis

conducted to determine how changing various assumptions influences the model’ s predictions.

Section 3.3 describes how we used the model, with its base case assumptions, to evaluate
the impact of alternative sources of infectivity on the U.S. given current conditions. These
sources include spontaneous BSE, the import of from 1 to 500 BSE-infected cattle, the import of
contaminated feed, domestic scrapie, chronic wasting disease, TSEs in domestic mink, pigs, and

chickens, and recycled food waste.

Finally, Section 3.4 evaluates aternative scenarios, including Switzerland during the
period when it is thought that country first imported BSE-infected animals. That evaluation,
which compares empiricaly reported clinical BSE casesin Switzerland during the period 1985 to
2001 to the corresponding number of clinical cases predicted by the model, serves as an indicator
of the model’ s plausibility. Section 3.4 also describes our methodology for evaluating the
possibility of spontaneous BSE inthe U.S. prior to the 1997 feed ban, the impact of importing
infected cattle from the UK during the 1980s, and the implementation of various risk

management strategiesin the U.S.

Unless otherwise noted, al simulation scenarios were run 5,000 times. Appendix 4

discusses the numerical stability of the results.

3.1  Simulation Model and Base Case Assumptions

The simulation model consists of four components, asillustrated in Figure 3-1. The first

component (Section 3.1.1) characterizes the lifecycle of cattlein the U.S., quantifies the potential
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infection of animals at different points during this cycle, and characterizes their ultimate
disposition (daughter, death due to natural causes followed by either disposal or rendering, and
death due to BSE infection followed by either disposal or rendering). The second component of
the model (Section 3.1.2) describes how animals sent to slaughter are processed. Tissue may be
disposed of, sent to rendering, or prepared for potential human consumption. The third
component of the model (Section 3.1.3) characterizes the disposition of material sent to
rendering. That material may be eliminated from further consideration (e.g., because it will be
disposed of, exported, or used to produce feed for animals other than cattle) or end up in feed that
isadministered to cattle. The final component of the model (Section 3.1.4) quantifies infectivity

in food available for potential human consumption.

Detailed information on the parameters described in this section appears in Appendix 1.
As described in that appendix, each parameter is defined as atable (although it may be atable
containing only asingle entry). Thesetables, in turn, are grouped into files. In our discussion
below, we identify the name of the parameter table and the name of the file containing that table

for each assumption discussed.

3.1.1 Cattle Population Dynamics

Figure 3-2 further details the cattle population dynamics component of the simulation
model. In particular, this component describes the rate at which cattle are born, the rate at which
animals are daughtered, and the rate at which they die of other causes. Cattle can become
infected when they are born as aresult of maternal transmission. Alternatively, they can be born
uninfected but become infected later as aresult of exposure to BSE-contaminated feed. Infected
animals may proceed to the clinical stage of the disease. Alternatively, they may be slaughtered,
or die of other causes before that happens. Likewise, animals displaying clinica signs may also
be daughtered or die of other causes, including BSE. Section 3.3 details the different waysin
which BSE infectivity could be introduced into the U.S. cattle population.

The model includes a detailed characterization of the cattle population dynamics because
many of the rates influencing disease prevalence depend on animal age, type, and gender. Rates
depending on at least some of these factors include the rate at which healthy animals become
infected due to consumption of contaminated feed (this dependence stems from the influence of

age, type, and gender on the amount of meat and bone meal (MBM) animals consume, and the
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influence of age on susceptibility to infection given a specified exposure), the rate at which

animals are daughtered, and the rate at which animals die of causes other than slaughter.

The remainder of this section summarizes the following base case assumptions. 1) the
number of animalsin the U.S. cattle population by age, gender, and type (i.e., dairy or beef,
destined for production or breeding), their birth rate, slaughter rate, and rate of death from other
causes; 2) cattle consumption of bypass protein and blood meal by age, type, and gender; 3) the
dose-response relationship for cattle orally exposed to BSE and the influence of age on this
relationship; 4) the rate at which infected cows transmit BSE to their offspring; and 5) the
incubation period for BSE (i.e., the time between infection and the appearance of clinical signs)

and the time until death following the development of clinical signs.

3.1.1.1 Sizeof Cattle Population, Birth Rates, Slaughter Rates, and Rates of Death
dueto Other Causes

The simulation devel oped for this analysis requires specification of the number of
animals by age in months for each gender within each of three animal types: dairy, beef, and beef
reproductive animals. Thislast group represents those beef cattle that live beyond the age of 24
months for the purpose of providing beef calves. Base case values for the cattle population size

appear in the <initsize> table of the genesisVisitor file (see Appendix 1).

Developing this information was complicated because available data sources do not break
down the age distribution for cattle in sufficient detail, and in some cases, combine groups that
must be characterized separately for the simulation. For example, statistics published by the FSIS
Animal Disposition Reporting System (ADRS) (U.S. Department of Agriculture 1998) report the
slaughter rate for dairy and beef cows combined, rather than specifying the slaughter rate for each
group separately. The development of thisinformation has been further complicated because
some of the reported statistics do not appear to be consistent with each other. For example, as
explained below, the reported number of steers and heifers slaughtered is consistent with birth
rates that imply atotal cattle population of approximately 140 million, rather than the true value
of approximately 100 million.

When forced to diverge from reported statistics for the purpose of maintaining interna

consistency, we do so in ways that minimize the impact of distortions on the validity of the

simulation results. In the example described in the preceding paragraph, our inflation of the U.S.
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cattle population should have a minimal impact on simulation results because the model -predicted
rate at which BSE spreads does not in general depend on this sIaIisticE.I In particular, the assumed
proportion of animals of each type (beef, dairy, or beef reproductive), gender, and age influences
the probability of exposure to recycled protein. Because this relationship depends only on the
relative size of the different cattle groups, scaling their size by a constant factor does not

influence the smulation’ s results.
Population size

The specific population values for each type/gender/age category were computed using
spreadsheet software and the birth, death, and slaughter rates described in this section. The
documentation in Appendix 1 (file genesisVisitor, table <initSize>) describes these computations.
However, athough each simulation begins with the popul ation distribution specified in Appendix
1, the model alters these values to reflect the smulated impact of birth, death, and slaughter. Asa
result of these influences, the initial population of approximately 140 million decreases to and
stabilizes at approximately 130 million during execution of the simulation. As noted above, this

change has a very limited impact on the simulation results.
Jaughter Rate

Animals are removed from the cattle population for daughter at different rates depending
on type, gender, and age. Dairy cows are culled as they age primarily when their reproductive
and production capacity become inadequate. The base case assumptions for the daughter rates
are based on statistics recorded by USDA and are detailed in the <rateSlaughter> table, which is
located in the rateSlaughter file (see Appendix 1).

Death Rate for Reasons Other Than Saughter

The so-called “natural death rate” may be potentially important because some fraction of
these animals, also referred to as animals that “die on the farm,” are sent to rendering. Animals
that die on the farm due to BSE infection have the maximum level of infectivity and therefore

introduce the possibility that a substantial amount of BSE contamination could contaminate

The possihility of spontaneous devel opment of BSE is the one exception to this generalization because itsrate is
proportional to the size of the population. By overstating the size of the population, we have therefore overstated the
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rendered products. The base case assumes that animals with BSE will live only 2 to 6 months
after reaching the clinical stage of the disease. The natural death rates assumed by the base case
are specified in the <probDeath> table, which islocated in the deathVisitor file (see Appendix 1).

Birth rate assumptions

The base case assumes that femal e cattle can calve between the ages of 24 and 180
months. During that time, they produce a calf once every 12 months on average. Documentation
accompanying the discussion of the birthVisitor file (see Appendix 1) explainsthe basisfor these

assumptions.

3.1.1.2 Proportion of Animals That Dieon Farm that Are Rendered

The base case assumes that 85% of the animals that die on the farm (i.e., before they are
sent to slaughter) are rendered. This assumption is specified by parameter table <farmdeathdisp>

in parameter file misc.

3.1.1.3 Cattle Consumption of Bypass protein and Blood M eal

MBM is one supplement for livestock feed, although in the U.S., other sources are also
used, especially vegetable protein derived primarily from soybeans. The primary hypothesis for
the spread of BSE in the UK isthat infectious materials was recycled through the rendering and
feed production processes resulting in the subsequent exposure of cattle. The amount of bypass
protein-supplemented feed consumed by an animal, and hence its potential exposure to MBM,
depends on the animal’ s type, gender, and age. Dairy cows receive the greatest amounts of
supplemental bypass protein. Because the base case assumes that there may be breaches of the
FDA feed ban (Section 3.1.3), some exposure can occur as the result of exposure to feed if BSE is
present inthe U.S. The <consumption> tables in files proteininfector and bloodinfector

respectively detail our assumptions for cattle consumption of bypass protein and blood meal.

3.1.1.4 BSE Dose-Response

The dose-response function for BSE quantifies the probability that an exposed animal
will become infected with BSE as the result of ingesting contaminated materials. The doseis

potential impact of spontaneous disease, should it exist (see Section 3.4.2 in this report).
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2064  quantified in terms of the number of susceptibility-adjusted IDses ingested. The susceptibility-
2065  adjusted IDs, dose equal s the product of an age-specific susceptibility factor and the number of
2066  unadjusted IDsgs ingested. The base case assumes that the dose responseislinear up to an

2067  exposure level of 2.0 susceptibility-adjusted IDsgs, with an infection probability of zero at an
2068  exposure level of zero, and an infection probability of 1.0 at an exposure level of 2.0 adjusted
2069  IDsgps. For example, an animal that ingests 1.0 susceptibility-adjusted 1Dses has a 50% chance of
2070  becoming infected. Note that an animal that ingests more than 2.0 adjusted | Dgos has a 100%
2071  chance of becoming infected. Figure 3-3illustrates the straight-line dose-response relationship
2072  assumed as part of the base case, along with a hypothetical aternative sigmoidal dose-response
2073  relationship. The dose-response relationship is specified by table <problnfection> in the

2074  proteininfector file.

2075

2076 Our relationship between susceptibility and age (see Figure 3-4) is based on the

2077  assumption that susceptibility peaks at age four months and that it declines exponentially

2078  thereafter at arate of 85% per year, leveling off at approximately 10% of its peak value (de
2079  Koejer 1999). Table <susceptibility> in file proteininfector (see Appendix 1) details this

2080  relationship. Section 2 provides further background on susceptibility.

2081
2082 3.1.1.5 Maternal Transmission
2083 Although there is no direct evidence of BSE transmission from cow to calf, it is assumed

2084  to have occurred when a calf born to a cow incubating BSE contracts the disease in the absence of
2085  any other known sources of BSE exposure. Section 2.2.1 reviews evidence of maternal

2086  transmission for other TSES, with the best evidence from scrapie (Kimberlin 1990; Foster 1992;
2087  Elsen 1999), and for BSE (Donnelly 1997a; Donnelly 1997b; Ferguson 1997a; Wilesmith 1997,
2088  Donnelly 1998). The base case assumes that calves born to infected cows during the last one-
2089  sixth of the incubation period will become infected with 10% probability. Text accompanying
2090 table <materna ContagiousPoint> in file sickBovine and table <probTrans> in file birthVisitor
2091  (see Appendix 1) further documents the basis for these two parameter values.

2092

2093 3.1.1.6 BSE Incubation Period, and Time Until Death Following Onset of Clinical
2094 Signs
2095 The base case assumes that the duration between infection and manifestation of clinica

2006  signsfollows adistribution inferred by Ferguson et al. (1997b) from data collected in the UK.
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The density is right-skewed with amedian of approximately four years. The 5" percentileis
approximately 2.5 years, the median is approximately four years, and the 95" percentileis
approximately seven years. Table <clinical Date> in file sickBovine (see Appendix 1) further
details this distribution.

The base case assumes that the time between the manifestation of clinical signs and death
isuniformly distributed between 2 and 6 months (Heim 2001). Table <clinicalDuration> in file

sickBovine (see Appendix 1) documents this assumption.

3.1.2 The Slaughter Process

If an animal with BSE is aughtered, some practices can contaminate tissues destined for
potential human consumption with BSE infectivity. In addition, many tissues not used for human
consumption go to rendering and may become available to infect other bovines (Section 3.1.3).
This section describes the base case assumptions for the slaughter process (Figure 3-5). It also
describes ways in which infectivity can be diverted from uses that may result in either human or

bovine exposure.

3.1.2.1 Level of Infectivity and Distribution of I nfectivity Throughout the Car cass

The amount of infectivity that becomes available for human consumption or ends up
being recycled into cattle feed dependsin part on the total amount of infectivity in a slaughtered
animal and how that infectivity is distributed through its carcass. Our model assumes these
factors depend on the amount of time that has passed since the slaughtered animal became
infected. Tables <organDistribution> and <tota Infectivity> in file materializer (see Appendix 1)

details our base case assumptions.

Our description of the distribution of infectivity among the tissues of an infected animal
is based on results from the pathogenesis experiment (Wells 1998; Wells 1999), as interpreted by
SEAC (February, 1998). This experiment measured the infectivity in each of 44 tissues and
fluids following experimental infection of cattle with BSE. The experiment found infectivity in
the small intestine from months 6 to 18 months post infection, with no detectable infectivity in
any other tissues. At the end stage of disease, (= 32 months post infection), infectivity was found
in the brain, spina cord, dorsal root ganglia (DRG), trigeminal ganglia (TGG), and again in the

small intestine. We assume that findings of infectivity in bone marrow at one time point were
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spurious, although we do investigate the potential for the disease to directly infect blood (so-
called “inherent infectivity”) (Section 3.2.2.1). Table 3-1 details our specific assumptions.

Note that these assumptions are based on an assumed incubation period of 36 months (as
observed in the pathogenesis study). For animals with incubation periods of durations other than
36 months, the time periods post inoculation are scaled accordingly. For example, for an animal
with an incubation period of 72 months, thereis no infectivity in the brain prior to month 64 (i.e.,
32 x 72/ 36).

Table3-1
Relative I nfectivity of Specific Tissues Specified From an Infected Bovine
(Based on (European Union Scientific Steering Committee 1999a))*

Tissue Fraction of Total I nfectivity

Brain No infectivity in cattle < 32 months post-inocul ation (PI)
32 months Pl and over: 64.1%

Trigeminal Ganglia No infectivity in cattle < 32 months post-inocul ation.
32 months Pl and over: 2.6%

Other Head (eyes) No infectivity in cattle < 32 months post-inocul ation.
32 months Pl and over: 0.04%

Dista Ileum 6-18 months post inoculation: 100%
18-31: No Infectivity
32 months Pl and over 3.3%

Spinal Cord No infectivity in cattle < 32 months post-inocul ation.
32 months Pl and over: 25.6% infectivity

Dorsal Root Ganglia No infectivity in cattle < 32 months post-inocul ation.
32 months Pl and over: 3.8 % infectivity

Notes:

a. The post-inoculation time values in this table reflect the assumption that the incubation period is 36
months. See text for explanation.

The base case assumes that the total quantity of infectivity in an animal with BSE reaches
its maximum level when the animal develops clinically detectable signs (i.e., becomes “clinical™)
(see Section 3.1.1.6 for adiscussion of the incubation period duration). Prior to that time, the
total level of infectivity follows the pattern illustrated in Figure 3-6. The examplein Figure 3-6

corresponds to the case in which the animal develops clinical signs 36 months after infection.
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During the first five months of infection, total infectivity in the animal isaround 0.1% of its
maximum value, followed by an increase to around 2.5% of its maximum value between months
6 and 18 post infection. Up until this point, all infectivity isassumed to bein the gut. Startingin
month 19, infectivity is assumed to be distributed among several tissues, with the bulk in the
brain and the spinal cord, and the remainder divided among the gut, DRG, eyes, and TGG. At
thistime, total infectivity dropsto zero but and then grows exponentially until it reachesits
maximum level in month 36. For incubation periods other than 36 months, the model scalesthe
horizontal (time) axisin Figure 3-6 proportionally. The total amount of infectivity in an animal
with clinical BSE is assumed to 10,000 cattle oral 1Dses (European Union Scientific Steering
Committee 1999a; Spongiform Encephal opathy Advisory Committee 2000; Gale 2001). Note
that this value has not been adjusted to reflect age-specific susceptibility (see Section 3.1.1.4 and
Appendix 1, Section 2.3.4).

3.1.2.2 Antemortem I nspection

Once the animal is at the slaughter facility, it is inspected for signs of disease. FSIS
regulations require that for certain diseases, the whole animal is condemned at antemortem (AM)
inspection (U.S. Department of Agriculture 1997). Condemned animals can be rendered or

incinerated.

Animals not showing clinical signsat AM inspection are not likely to be condemned for
BSE but could be condemned if they show signs of other diseases. The condemnation rates for
animals not showing clinical BSE signs depend on age and gender. The rates used in the base
case are based on data collected by FSIS for the year 1998 (see Table 3-2). In particular, the base
case assumes that the AM condemnation rate is approximately 1% for animals less than one year
of age, 0.01% for animals between the ages of one year and 31 months, and 0.2% for animals

older than 31 months of age.
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Table 3-2
Cattle Slaughtered and Condemned (1998)*
Cattle Total Total Probability Animals Probability
age group Animals Animals not pass Condemned  that will not
daughtered Condemned AM Postmortem pass
Postmortem
< 12 months 1,483,430 14859 0.0098 13,799 0.0092
12to 24 months 32,690,003 2,349 0.0001 22,697 0.0007
> 24 months 7,815,074 21,906 0.0028 11,0172 0.0139
Notes:
a. Data from USDA’s Animal Disposition Reporting System (U.S. Department of Agriculture 1998).

Animalsthat are condemned following AM inspection are usually rendered, although a
small proportion areincinerated. The base case assumes that 98% of condemned animals are
rendered and that the rest are incinerated. The likelihood that an animal condemned at AM
inspection isrendered or incinerated is assumed to be independent of its BSE status. The means
of disposal isimportant because animals that are incinerated cannot contaminate human food or
animal feed.

Animalsthat do manifest the clinical signs of BSE can be identified by AM inspectors. It
also ispossible that farmers might hold back from slaughter animals with BSE signs to prevent
the case from being discovered. It isdifficult to estimate how effectively U.S. ingpectors would
detect an animal with BSE signs because the disease has not been detected in this country. The
USDA has conducted training for inspectors to make them aware of these signs. The
effectiveness of ingpectors at detecting other CNS diseases could conceivably be used to estimate
how effective they would be at detecting animals with clinical signs of BSE. In practice,
however, the prevalence rate for these other diseases are often unknown. Our base case assumes
that clinical BSE cases would be detected at AM inspection 90% of the time (see table
<probPassAM> in file AMInspector). Because thisvalueis highly uncertain, our uncertainty
analysis evaluates the impact of using awide range of values on the results of our simulation (see
Section 3.2.2).

3.1.2.3 Stunning

Stunning humanely renders animals unconscious for daughter. It isusually performed by

mechanica devices, most commonly captive bolts that may or may not penetrate the skull. One
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type of penetrating captive bolt isreferred to as an “air-injected pneumatic stunner” because it
injects ajet of air into the brain at the end of the cylinder stroke. Stunnersthat use air injection
can deposit CNS tissue emboli in blood, heart, lung, and liver. Mafunctions in these devices
both increase the probability that emboli will be created and the amount of emboli that will be
deposited. However, based on our conversations with USDA personnel (in headgquartersand in
thefield), individualsin the beef packing industry, and others, the base case assumes that air-
injected stunning is not currently used in the U.S. cattle industry (see parameter table
<probType> in file stunner). Other scenarios evaluating past practices do assume the use of air-

injected pneumatic stunning (see Section 3.2.2).

There also is some concern that other stunning methods may produce CNS micro-emboli
that could contaminate blood (European Union Scientific Steering Committee 2000e). The base
case assumes that stunners not using air injection can create very small emboli that are found only
in blood (see parameter table <emboli> in file stunner). The amount of emboli in the blood is not

affected by whether the stunner malfunctions.

3.1.2.4 Exsanguination

Following stunning, animals are bled. Bovine blood can be processed for human
consumption, processed to make blood meal that can be used in ruminant feed, rendered, or
disposed of. The base case assumes that 15% of blood is made into blood meal that has the
potential to be used in cattle feed (parameter table <probDestination in file feedTransporter). The
base case also assumes that blood collected for human consumption is not contaminated with

emboli.

Blood collected to produce meal for animal consumption may become contaminated with
CNStissue if some of that tissue drips from the hole created by the stunner. The base case
assumes that air-injected pneumatic stunners generate this type of contamination with 30%
probability (see parameter table <probDrip> in file stunner), and that when this contamination
does occur, 4% of theinfectivity in the brain ends up in the blood being collected (parameter
table <fracDrip> in file stunner). The base case assumes that stunnersthat do not use air injection

never cause this type of contamination.
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3.1.2.5 Disgposition of Brain

Following exsanguination, the head is removed from the carcass. USDA has mandated
inspection of some parts of the head that are collected for human consumption (e.g, tongue).
Because brain is the tissue with the greatest amount of infectivity in an animal with advanced
BSE, the disposition of the head isimportant. There are no available data on the fraction of
brains collected for sale as human food. The base case assumes that 1% of the brains are
removed for potential human consumption in the U.S. and that the rest are rendered (see
parameter table <probPassFood> in file foodlnspector). Section 3.2.2.5 lists base case and worst

case assumptions for other tissues.

3.1.2.6 Splitting and Aerosolization

After removal of the head, the carcassis split longitudinally with a saw to facilitate
handling and further processing. When the carcassis split some spinal cord is aerosolized and
can contaminate edible meat. Based on data from experiments that measured the amount of
spinal cord associated protein deposited on the carcass during splitting (Harbour 2001), the base
case assumes that approximately 0.001% (2.5 mg) of the spinal cord contaminates edible meat.
The base case further assumes that additional carcass treatments, like washing and steaming, do
not reduce the amount of contamination. Text accompanying table <fracAerosol> in file splitter

(see Appendix 1) documents this assumption.

3.1.2.7 Disposition of the Spinal Cord and Dor sal Root Ganglia

The vertebrae of the animal are arranged in a column that houses and protects the spinal
canal. Because spina cord and the dorsal root ganglia (DRG), which are nerve ends emerging
from the spinal cord, can contain BSE infectivity, their disposition influences the extent to which
meat recovered for human consumption may become contaminated. The magnitude of this
contamination and which selections of meat become contaminated depend on whether a mis-split
occurs, whether the slaughter plant uses advanced meat recovery (AMR), and whether it removes
the spinal cord from the carcass. The extent to which AMR product becomes contaminated is
particularly sensitive to mis-splits because they can leave behind pieces of spinal cord
encapsulated in the vertebral column that are processed by AMR. This section first discusses the

frequency of mis-splits, the proportion of carcasses processed usng AMR, and the proportion
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from which the spinal cord is removed. Finally, it discusses how mis-splitting, AMR, and spinal

cord removal influences contamination.

Mis-split frequency

Mis-splitting refers to the incompl ete cutting of the spinal column with asaw. A mis-
split occurs when the cut veers off the vertical and terminates at a point short of the cervical
vertebrae (carcasses are split caudal to cranial). The likelihood that mis-splitting will occur
depends on the size and age of the animal (e.g., calves are more likely to be mis-split than bulls or
cows) and the proficiency of the saw operator. The rate and extent of mis-splitting influences the
potential for spinal cord from an infected animal to contaminate human food, primarily in the
Advanced Meat Recovery process (Section 3.1.2.8). The base case assumes that among animals
below the age of 24 months, mis-splits occur 5% of the time, whereas for older animals, mis-
splits occur 8% of the time. Table <probMS _AMR_SCRemove> in file splitter (see Appendix 1)

details estimates for the rate and extent of mis-splits.

The proportion of cattle processed using AMR

Once the carcass is plit, the disposition of the spinal cord depends on whether or not the
daughter facility processes the vertebrae using advanced meat recovery (AMR). AMR machines
process bones to recover meat remaining after the hand deboning processis completed. USDA
rules allow the AMR product to be labeled as“meat”. Approximately 70% of fed cattle and 60%
of cows are processed in facilities that use AMR (Sparks Companies 1999). The base case
assumes that AMR is used to process no animals below the age of 12 months, 65% of animals
between the ages of 12 and 23 months, and 60% of animals 24 months of age or older. Table
<probMS_AMR_SCRemove> in file splitter (see Appendix 1) details estimates for the proportion
of material processed using AMR.

Spoinal cord removal — Plants that use AMR
An FSIS directive requires that the spinal cord be removed from the vertebral column
before the backbones enter the AMR process. The base case assumes that spinal cords are

removed with 98% probability in plants using AMR. Spinal cordsremoved in this manner are

rendered. Inthe event that spinal cord is not removed prior to AMR, it can contaminate the AMR
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product, athough the probability of this occurringissmall. In addition, if the carcassis mis-split,
the spinal cord that remains encapsulated in the spinal canal (usually a small portion of the spinal
cord) contaminates AMR product unlessit is removed by facility personnel. Whether an AMR
processing system is used depends on the size and age of the animal (e.g., calves are not likely to
go through AMR). The amount of spinal cord left behind that can contaminate edible meat also
depends on the age and type of the animal (e.g., for steers and heifers, the lumbar area does not
go through AMR because T-bone steaks are more profitable). Table
<probMS_AMR_SCRemove> in file splitter (see Appendix 1) details estimates for the proportion

of spinal cordsthat are removed.

Spoinal cord Removal — Plants that do not use AMR

If afacility does not use AMR, FSIS does not require removal of the spinal cord from the
carcass. However, some slaughterhouses choose to remove it and send it to rendering. The base
case assumes that spinal cords are removed with 50% probability in plants that do not use AMR.
If the spinal cord is nhot removed, it remainsin certain cuts of beef and is hence available for
potential human consumption (e.g., T-bone steak). In addition, spinal cord left in the carcass can
contaminate the boning table. Finally, asmall fraction of the spinal cords removed from steers
and heifers are destined for human consumption. Table <probMS AMR_SCRemove> infile
splitter (see Appendix 1) details estimates for the proportion of spinal cords that are removed.

Fraction of spinal cord and DRG that contaminate meat recovered for human
consumption

The DRG are firmly attached to the bones of the spinal column and are not removed even
if the spinal cord isremoved. The disposition of the DRG depends on the cuts of beef recovered
for human consumption (which depend on the age of the animal) and on the use of AMR
processing systems. For example, some cuts of meat from young animals, such as steers and
heifers, might be sold with the vertebrae attached (e.g., T-bone steaks), and in those particular
circumstances DRG can reach the consumer. However, it isimportant to note that even if DRG
reaches the consumer, it is unlikely to be consumed unless the bone is aggressively cleaned. In
other regions of the vertebral column, DRG will remain attached to the bone because they are
unlikely to be removed by standard deboning operations. The vertebrae and DRG from young
animals are likely to be rendered. For older animals (e.g., bulls and cows) that are deboned by

hand, DRG will not reach the consumer and will instead be rendered.
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If the spinal column is processed using AMR, the DRG are likely to contaminate the
AMR product. For young animals, only a fraction of the vertebral column and DRG will be
processed using AMR because parts of the backbone are contained in high value bone-in cuts of
meat. For older animals, such as bulls or cows, al vertebrae are likely to be processed using
AMR. If thefacility does not process the spinal column using AMR, other technology, such as
vibration or hand held knives (e.g., Whizzard knives), are used to recover the remaining meat
attached to the bones. Because of the location of the DRG and the presentation of the backbones
on the boning table, these knives are unlikely to contaminate meat or ground beef with DRG or

spinal cord.

Tables <fracDRGINMuscle>, <fracDRGINAMRM eat>, and <fracDRGInBone> in file
splitter (see Appendix 1) detail the fraction of the infectivity in DRG that ends up contaminating
muscle, AMR product, or remains connected to the bone, respectively. These values depend on
whether a mis-split occurs, the use of AMR, and on whether the spind cord isremoved. Tables
<fracSCInMuscle>, <fracSCINAMRMeat>, and <fracSCInBone> in file splitter (see Appendix 1)

provide the corresponding assumptions for spinal cord contamination.

3.1.2.8 Postmortem I nspection

Organs and tissues from cattle passing AM inspection are inspected postmortem (PM) to
ensure fithess for human consumption. FSIS regulations require that the whole animal be
condemned when certain diseases are suspected, while for other diseases and conditions, only
some tissues are excluded from use in human food. There are no visible characteristics of BSE
cattle that can be detected at PM inspection. Nevertheless, the base case assumes that some
infected animals or tissues from animals with BSE are condemned at PM inspection for reasons
other than the presence of BSE. These condemnation rates have been measured and reported by
FSIS (Table 3-2). The FSIS data specify rates by age and gender. The base case rates appear in
Table <probPassPM> in file PMInspector (see Appendix 1).

3.1.2.9 Recovery of Material for Potential Human Consumption

After the carcassis split, meat for potential human consumption is recovered. Some
potentially infectious tissues may be purposely recovered for potential human consumption. The

base case assumptions for the proportion of various tissues recovered for this purpose are detailed
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in Table <probPassFood> in file foodInspector. Not all tissue that is potentialy available for
potential human exposure is actually consumed. Rates of waste during distribution and in the
home, portion sizes, and other factors will influence actual human exposure. Section 3.1.4

describes the basis for these assumptions.

3.1.3 Rendering and Feed Production

Rendering is a process that recovers useful materials like fat, tallow, and protein, by
cooking the animal remains, separating the products, and by further processing and purifying the
resulting meat and bone meal (MBM). MBM is arendering product rich in protein that can be
used as afeed supplement, among other uses. If the remains of an infected animal, including
either a sheep with scrapie or a bovine with BSE, are made into MBM that isthen fed to cattle,
additional animals could become infected. Current regulationsinthe U.S. (U.S. Food and Drug
Administration 1997) prohibit the feeding of mammalian derived protein to other ruminants with
some exemptions. The feed ban does not restrict the use in ruminant feed of porcine protein,
equine protein, ruminant blood, ruminant milk, plate waste, or gelatin. Other sources of protein,
primarily of vegetable origin (e.g., soy), are also widely used to supplement livestock rations.
The extent of compliance with the feed ban in rendering and feed formulation influences the
extent of possible cattle exposure to infectivity from arendered diseased animal. Infectivity can
also be diminated as aresult of using ruminant derived materialsin ways that do not lead to any
potential exposure among U.S. cattle (e.g., export). Figure 3-7 illustrates our characterization of

how materias flow through rendering plants, feed formulation plants, and to the farm.

3.1.3.1 Rendering I nactivation

Rendering may reduce the amount of BSE infectivity in material by subjecting it to hest
and pressure. Different rendering systems (e.g., continuous, batch, and vacuum) inactivate BSE
or scrapie infectivity to different degrees (Taylor 1995; Taylor 1997b; Schreuder 1998). Table 3-
3 quantifies the base case assumptions for the reduction in infectivity achieved by each
technology and the proportion of animals rendered using each technology. The sensitivity
analysis varies these proportions and the degree of inactivation achieved. Thetext in Appendix 1

accompanying table <renderFactor> in file renderer further documents these assumptions.
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Table 3-3
I nfectivity inactivation achieved and proportion of cattle processed by different types of
rendering systems

Technology I nfectivity I nactivation Proportion of cattlerendered
Achieved (log base 10)
Batch 3.1logs 5%
Continuoug/fat added 2logs 45%
Continuous no fat added 1llog 45%
Vacuum 0logs 5%

3.1.3.2 Meat and Bone Meal Production

U.S. regulations recognize three types of rendering facilities, designated here as
nonprohibited, prohibited, and mixed. A nonprohibited plant processes only porcine, equine or
poultry (nonruminant species) and produces animal-based protein products that can be used
legally in cattle feed. A prohibited rendering plant may process ruminant or mink raw materials,
along with other sources of animal protein, and produces prohibited MBM that may not be used
in cattle feed. Mixed plants produce both nonprohibited and prohibited MBM. These plants must
use separate production lines or acommon line with specified cleanout procedures. The base
case assumes that 94.9999% of cattle remains are sent to prohibited rendering plants, 5% are sent
to mixed plants, and 0.0001% are sent (incorrectly) to non-prohibited plants (see Table
<probType> in file renderer)..

The base case assumes that cattle infectivity can reach bovinesin several ways. Material
from a prohibited rendering plant could be mislabeled and used in the formulation of cattle feed.
Midlabeling could also occur in amixed plant. A mixed plant could contaminate non-prohibited
MBM by using incorrect source materia or by failing to completely flush and clean shared
processing machinery. A nonprohibited plant might contaminate their MBM by using prohibited
source material although thisisunlikely. Even if non-prohibited MBM is contaminated, the
potential for bovine exposure is reduced because much of this MBM goes to uses other than cattle
feed.

Table 3-4 describes the disposition of MBM infectivity based on the flow shown on
Figure 3-7. Tables <probContaminate> and <fracContaminate> in file renderer respectively
detail the probability that contamination will occur and the proportion of prohibited material that
ends up in non-prohibited material. Table <probMislabel> details the probability that prohibited
material will be mislabeled as non-prohibited. Finally, table <probDestination> in the
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2439  MBMTransporter file details the flow of material generated by renderersto various types of feed
2440  producers.

2441
2442 Table 3-4
2443 The Flow of I nfectivity Through the Rendering Process
2444
Figure 3-7 Flow L abel® Description
Reference
Number
1 To PMBM Infectivity sent to rendering for prohibited MBM
2 SRM Elimination Infectivity eliminated from potential use in animal feed
or human food if specified risk material ban in place
3 Render Infectivity removed through inactivation by rendering
Elimination
4 Contam. NP Infectivity from P MBM that contaminates NP MBM in
MBM mixed rendering facilities
5 Midabel PMBM  Infectivity in PMBM mislabeled as NP MBM
6 Out after Render  Infectivity in rendered material not used for livestock
feed

2445
2446 Notes:
2447
2448 a. Entriesinthe“ Label” column refer to the descriptors used in the output tables in the results
2449 Section (see Appendix 3A).
2450
2451 3.1.3.3 Feed Production
2452 FDA feed ban regulations restrict use of prohibited MBM to feed manufacturers that

2453  produce only prohibited feed, or to manufactures that produce both prohibited and non-prohibited
2454  feed (mixed producers), so long as they adhere to procedures that minimize the risk of

2455  contamination. The base case assumes that at mixed facilities, prohibited feed could contaminate
2456  non-prohibited feed. In addition, the base case assumes that prohibited feed can be mislabeled in
2457  facilities producing both prohibited and non-prohibited feed. The documentation in Appendix 1
2458  (see parameter file feedProducer) details these assumptions in further detail.

2459

2460 When recycled animal tissue (i.e., blood meal or MBM) is used as a supplement to

2461  animal feed, the materia can be divided among feed portions consumed by many cattle. The base

2462  case assumes that infectivity in the blood meal from asingle animal is divided among 89 cattle
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(see the documentation in Appendix 1 for the <numCowsReceiving> parameter table in the

proteininfector parameter file).

How widely infectivity in recycled protein is distributed is more complicated. If the
infectivity does not contaminate non-prohibited MBM or non-prohibited feed, then it remains
contained in asingle “packet” (i.e., acollection of material that travels together during
processing) that can be divided among 89 cattle. However, if contamination occurs during the
rendering process, then a portion of the infectivity is transferred to the affected non-prohibited
MBM packet. That non-prohibited packet has the potential to exposure an additional 89 cattle.
Finally, if contamination occurs during feed production, it is assumed that a portion of the
infectivity istransferred to the affected non-prohibited feed packet. That non-prohibited feed
packet likewise has the potential to expose an additional 89 cattle. Table 3-5 describes the flow
of cattle infectivity through the feed production process. The parameter tablesin files
feedProducer and feedTransporter detail these assumptions.

Table 3-5
The Flow of Cattle Infectivity through the Feed Production and Use Processes
Figure 3-7 Flow L abel® Description
Reference
Number
7 To P Feed Infectivity in P MBM that goes to production of P
livestock feed
8 To NP Feed Infectivity in NP MBM reaching NP Feed
9 Contam NP Feed  Infectivity from P Feed that contaminate NP Feed in
mixed feed mills
10 Midlabel NP Feed Infectivity in P Feed mislabeled as NP Feed
11 To Blood Infectivity reaching cattle feed through use of blood
meal
12 Out After Feed  Infectivity in livestock feed not used for cattle
Prod
Notes:
a. Entriesinthe“ Label” column refer to the descriptors used in the output tables in the results
Section (see Appendix 3A).
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3.1.3.4 On Farm Feeding

The practice of administrating correctly labeled (i.e., with the label “DO NOT FEED TO
RUMINANTS") prohibited feed to cattle on the farmis referred to as “ mis-feeding.” The base
case assumes that correctly labeled prohibited feed will be administered to cattle with a
probability of 1.6%. Documentation accompanying the <probFeedOK> parameter tablein the
feeder file (see Appendix 1) explains our derivation of this estimate. Table 3-6. describesthe

flow of cattleinfectivity on the farm.

Table 3-6
The Flow of Cattle Infectivity on the Farm
Figure 3-7 Flow L abel® Description
Reference
Number
13 Misfed Infectivity in materials fed to cattle in non-bovine livestock
feed

14 To Cattle Total infectivity reaching cattle through feed
Notes:

a. Entriesinthe“ Label” column refer to the descriptors used in the output tables in the results

Section (see Appendix 3A).

3.1.4 Potential Human Exposure

The base case assumes that humans can be exposed to BSE infectivity either by directly
consuming infected cattle organs, such as brain, spinal cord, eyes, and distal ileum, or by
consuming contaminated products, including meat or processed meat containing spina cord or
DRG, or organs containing CNS emboli, such asliver, heart, or kidneys. Table 3-7 detailsthe
assumed availability of these tissues (see parameter table <probPassFood> in parameter file

foodlnspector).
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Table 3-7
Potential Human Exposure

Organg/tissues

Description/Assumptions

Brain

Spinal cord

Blood

Dista lleum

Contaminated
Organ Meat

Eyes

Contaminated
muscle meat

AMR

Brain is considered to be a variety meat and reaches the consumers labeled
as such. The base case assumes that 1% of al cattle brains are potentially
available for direct human consumption.

Beef spinal cord is considered to be a variety meat and reaches consumers
labeled as such. The base case assumes that 1% of the spinal cord is
potentially available for human consumption.

The base case assumes that 5% of the cattle blood is potentially available for
human consumption in meat food products (e.g., sausages, blood pudding)
and that the infectivity in blood is limited to the potential contribution from
brain and spinal cord emboli. In our sensitivity analysis, we investigate the
possibility that BSE disease itself also contributes to the infectivity in blood
at aconcentration that can be as high asthe level of detection.

Distal ileum is considered to be a variety meat and reaches the consumers
labeled as beef intestines. The base case assumes that 1% of the distal
ileums are potentially available for human consumption. Inthe U.S,, dista
ileum does not reach consumers as natural sausage casings.

Brain and spina cord are responsible for infectivity in organ meat when air-
injected pneumatic stunning is used (not reflected in the base case). Liver,
heart, and kidney are sold as variety meat. The base case assumes that 60%
of the liver, 50% of the heart, and 25% of the kidneys are potentially
available for human consumption.

Bovine eyes are considered a variety meat and reach consumers labeled as
beef eyes. The base case assumes that 1% of eyes are recovered and
potentially available for human consumption.

The base case assumes that spinal cord can contaminate edible meat during
the splitting process. It is further assumed that other processes, such
steaming or washing do not reduce this contamination. If this source of
contamination were important, this assumption could be investigated further.

Total infectivity in AMR product is the sum of the contributions from spinal
cord and DRG contamination. The amount of spinal cord contaminating
AMR product depends on whether the spinal cord isremoved, as required by
FSIS regulation for plants using AMR, and on whether the carcassis mis-

split.
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Table 3-7
Potential Human Exposure
Organg/tissues Description/Assumptions
Beef on bone Total infectivity in beef on bone is the sum of the contributions from spinal

cord contained in these cuts of meat and DRG attached to these bones.

Spinal cord has the potential to reach consumersif it is not removed from the
spina column and if it remains attached to the backbone as bone-in steak.
The base case assumes that about 30% of the backbones from steers and
heifers are sold bone-in and that because these cuts do not undergo AMR
processing, they retain the spinal cord. Although regulations do not require
removal of the spina cord from the backbones that do not undergo AMR
(FSIS Directive 7160.2 1997), many slaughterhouses remove it anyway
(Brewer 2000). Notethat even if the spina cord or DRG on beef on bone
reaches consumers, this materid is not likely to be eaten.

Trigeminal The base case assumes that the trigeminal ganglia (TG) does not contaminate

Ganglia cheek meat becauseit islocated at the base of the cranium. Sensitivity
analysis investigates the impact of assuming that TG contaminates cheek
meat 1% of the time and that when such contamination occurs, it amounts to
1/1000 of the infectivity in TG.

3.2  Impact of Alternative Assumptionson Cattle I nfected and Human BSE
Exposure

We used sensitivity analysis to identify the most important sources of uncertainty. In
particular, we evaluated the extent to which each assumption or parameter individually influences
model predictions for two cumulative outcomes over a 20-year period — the total number of cattle
that become infected after the introduction of 10 infected animals at the beginning of the period,
and the amount of BSE infectivity (quantified in terms of the number of cattle ora IDgsS) in food
available for human consumption over that period. The purpose of the sensitivity analysisisto

identify assumptions that should be regarded as candidates for further refinement.

To conduct the sensitivity analysis, we first ran the base case ssmulation 5,000 times and
recorded the distribution of outcomes for each of the two outcomes of interest (total additional
cattle infected, and total potential human exposure to BSE infectivity). To evaluate the
contribution of an individual parameter or assumption to the uncertainty of these two outcomes,
we altered each assumption, one at atime, setting all other assumptions to their base case values.
In particular, each assumption was individually set equal to its “worst case” bounding value. The

“worst case” value refersto that bounding value for an assumption expected to result in the

- 68 -



2530
2531
2532
2533
2534
2535
2536
2537
2538
2539
2540
2541
2542
2543
2544
2545
2546
2547
2548
2549
2550
2551
2552
2553
2554
2555
2556
2557
2558
2559

Section 3

largest predicted risk of BSE spreading. For each aternative value, we again ran the simulation
5,000 times and recorded the distribution of values for the two outcomes described aboveE.|

Typicaly, sensitivity analysis also involves estimation of risk for each parameter’s best
case value, aswell as for each parameter’ sworst case value. For this project, we determined that
evaluation of the best case values was not necessary because use of base case assumptions yields
a disease reproductive rate constant for BSE in the U.S. (R) substantially lessthan unity. That is,
the model predicts that the prevalence of BSE decreases over time and eventually reaches zero
with near certainty (see Section 4.1). Using more optimistic assumptions for a parameter would
only result in a prediction that the spread of BSE is even more limited than the base case
suggests. Although such afinding would differ quantitatively from the base case, further analysis

is not important because it would not qualitatively alter our conclusions.

The worst case bounding assumptions for each parameter reflect the judgment of this
report’ s authors given the available scientific literature. Although these assumed values are not
intended to represent absolute bounds on a parameter’ s value, we have selected them with the
intention of identifying levels beyond which a parameter’ strue value is very unlikely to fall. The
difference between the simulation results produced using a parameter’ s base case assumption and
that parameter’ s worst case bounding assumption represents the maximum extent to which that

parameter’ s uncertainty can independently increase the predicted spread of BSE.

Instead of conducting deterministic sensitivity analyses for each parameter (i.e.,
comparing the simulation results corresponding to the base case to the simulation results
corresponding to each parameter’ s bounding case), we could have conducted a probabilistic
sengitivity analysis that would characterize the distribution of results corresponding to the
uncertainty associated with each parameter. However, conducting probabilistic analyses would
require specification of aprobability distribution for each uncertain parameter over its range of
plausible values, rather than merely identifying the bounds on thisrange. It isour judgment that
the available information is inadequate to develop the needed probability distributions. The task

is complicated because many of the parameters are not individual numbers but are instead

* One combination of worst case parameters (see Section 4.2.1) was run 780 times because the number of
predicted animals infected was often so large that the simulation ran very slowly. The 780 runs required
approximately 250 hours of run time on a 3 GHz Windows-compatible computer. Although the limited
number of runs reduced the precision of the results, the results were adequately precise for the purpose of
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collections of values. Consider, for example, the three multinomial distribution that specifiesthe
probability of a mis-split, the use of AMR, and the removal of the spinal cord (see Section
3.1.2.7) during the slaughter process.

In addition to conducting a univariate sensitivity analysis, we also evaluate the
synergistic impact of assigning worst case values to multiple sets of simulation parameters
simultaneoudly. An aternative approach would be to s multaneously sample values from
distributions for each assumption. However, as noted earlier, development of meaningful

distributions for each assumption is not practical given the information that is available.

Because the BSE simulation model has alarge number of parameters and assumptions,
and because evaluating each set of assumptions takes a substantial amount of time (in particular,
one set of 5,000 runs takes around nine hours on a 1.8 GHz Intel Pentium IV Processor), we first
eliminated from consideration those parameters for which such analysisis not necessary. The
remainder of Section 3.2 describesthis step in further detail. We identify bounds for those
parameters and assumptions not eliminated from further consideration. Qualitative arguments for

eliminating a parameter from further consideration fall into three categories.

Firgt, if the base case results indicate that a set of factors makes only a minor contribution
to either of the key simulation model outcomes, then modifying assumptions related to those
factorsis unlikely to influence the results substantially. For example, assumptions related to
blood meal can be eliminated from further consideration because blood meal represents a very
limited portion of the infectivity to which cattle are exposed. The relative importance of blood as
a contributor to infection can be quantified by comparing the mean number of new cases arising
from this mode transmission (0.006) to the mean total for the number of infected animals
excluding those imported at the beginning of the simulation (4.3) (see Tablein Section 1 of
Appendix 3A). Because the ssmulation was run 5,000 times, an average of 0.006 indicates that
over all 5,000 simulation runs, atotal of thirty cattle became infected as a result of exposure to
blood meal. That contribution is roughly 0.1% of the total number of animalsinfected excluding
imports over al 5,000 simulations (21,500).

determining that this combination of worst case assumptions often results in conditions that cause BSE to
spread, rather than to die out.
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Second, a parameter can be eliminated from consideration if its range of plausible values
and the extent to which changing its value influences the results suggest that the overall impact
will be minimal. For example, as discussed in Section 3.2.1.1, because changing the assumed
size of the cattle popul ation should have virtually no effect on the simulation results, using the

simulation model to evaluate that impact is not necessary.

Finally, if the relationship between a parameter’ s value and the simulation resultsis well-
understood, then it is not necessary to use the simulation model to quantify thisrelationship. For
example, changing the proportion of cattle brains consumed by humans has virtually no impact
on the number of infected cattle for any plausible (i.e., relatively small) value for this parameter.
Moreover, it is clear that doubling this parameter, for example, will double potential human

exposure to BSE from consumption of brains.

The remainder of Section 3.2 reviews the Harvard model’ s parameters and assumptions,
following the order in which the parameters were presented in Section 3.1. Section 2in

Appendix 2 to this report details the parameter file changes made for each of these scenarios.

3.21 Cattle Population Dynamics

3.2.1.1 Sizeof Cattle Population, Birth Rates, Slaughter Rates, and Rates of Death
Dueto Other Causes

None of these parameters in this category need to be evaluated quantitatively using the
simulation model. First the valuesfor al of these parameters are based on empirical data and
direct observation. We therefore believeit is unlikely that they are incorrect by even as much as
afactor of two. Itisour judgment that in most cases, the error affecting any of these parameters

is substantially |ess than this amount.

Asnoted in Section 3.1.1.1, the assumed size of the cattle population size (140 million) is
40% larger than the known value for this parameter (around 100 million). However, this
parameter has virtually no impact on the simulation. In particular, the number of animals that
become infected at each time step in the simulation depends on the number of animals infected at
the preceding time step, along with the magnitude of any assumed exogenous introduction of
BSE infectivity. Neither of these factors depends on the size of the cattle population unless the

number of infected animals becomes an appreciable fraction of the total number of animals. In
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particular, avery small assumed population size would appreciably increase the probability that
recycled material contaminated with BSE would be consumed by an animal already infected with
BSE, thus decreasing the simulated rate at which the disease would spread among the cattle
population. Because the total number of infected animalsin any of the scenarios tested is always
at least several orders of magnitude less than the size of the cattle population, changing the

assumed cattle population size would have virtually no impact on the simulation results.

3.2.1.2 Proportion of Animals That Dieon Farm That Are Rendered

The worst case scenario assumes that this proportion is 99%.

3.2.1.3 Cattle Consumption of Bypass Protein and Blood Meal

Because the protein and blood meal consumption rates are used to probabilistically
alocate infected material among different type/gender/age cattle groups, the absolute magnitudes
of these values do not matter. In particular, multiplying al the consumption rates by a constant
would not affect the simulation results. However, changing the rel ative magnitudes of these
consumption rates would influence the extent to which cattle in different age groups are exposed
to contaminated feed and blood meal.

Because blood meal is aminor contributor to the spread of BSE (see introduction to
Section 3.2), the assumed rel ative consumption rate for blood meal is not important. On the other
hand, protein consumption is important because it accounts for the vast majority of the new BSE
infections in the base case. The base case assumes that the calf daily protein consumption rateis
more than half as great as the corresponding rate for older cattle. Because susceptibility to
infection is greater among young animals than it is among older animals, shifting more of the
consumption to calves would increase the rate at which BSE spreads. However, it isunlikely that
the adult bypass protein consumption rate is substantially smaller than we have assumed relative
to calf bypass protein consumption rate. In particular, adult dairy cows must consume bypass
protein to maintain high milk production rates. Becauseit isunlikely that young cattle are
consuming a substantially greater proportion of the bypass protein than we have assumed, we

conclude that it is unnecessary to evaluate this issue quantitatively.
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3.2.1.4 BSE Dose Response

Recall that the dose-response assumptionsfall into two categories — the shape of the
dose-response relationship (e.g., linear or threshold), and the relationship between age and
relative susceptibility to the BSE agent (i.e., older animals are far less likely to become infected
than younger animals exposed to BSE to the same degree).

Shape of the dose-response relationship: The base case assumes the dose-response
relationship does not have athreshold. If we had assumed a threshold, the number of additional

BSE cases predicted by the simulation would, if anything, have been smaller. Thereisno

biologically plausible basis for assuming a super-linear dose response relationship. Hence, the
base case assumption must be regarded as either neutral or conservative. For reasons described in
the introduction to Section 3.2, quantitative evaluation of this assumption is therefore not

necessary.

Relative susceptibility vs. age: The assumption that susceptibility to infection decreases
with age is based on both biological considerations (Section 2.1.3) and statistical modeling of the
UK BSE outbreak (Section 3.1.1.4 and Appendix 1, Section 2.3.4). It istherefore unlikely that

susceptibility isindependent of age or that it increases with age. However, it ispossible that

susceptibility decreases more dowly with respect to age than is assumed in our base case. For the
purpose of evaluating the impact of this assumption on the model’ s predictions, our worst case
assumes that susceptibility falls approximately half asfast (40% per year) as we assume in the
base case (85% per year), and that as the animal ages, susceptibility asymptotically approaches

10% of its value at birth (same asin base case).

3.2.1.5 Maternal Transmission

Maternal transmission is arelatively unimportant mode of transmission in the base case.
Of the approximately 21,500 animals that became infected (excluding imports) during the 5,000
base case simulation runs, 3,200 (15%) were infected due to maternal transmission. It istherefore
unlikely that other plausible values for the parametersinfluencing maternal transmission would
result in an important number of infections via maternal transmission. We therefore do not
guantitatively eval uate the impact of alternative values for assumptions related to this mode of

transmission.
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3.2.1.6 BSE Incubation Period, and Time Until Death Following Onset of Clinical
Signs

BSE incubation period: The incubation period for BSE (i.e., the time between exposure

and development of clinical signs) is somewhat uncertain because the time at which exposure
leading to infection occurs is not known precisely. On the other hand, typical valuesfor this
parameter are relatively well understood because the data from the UK outbreak have been
extensively analyzed, e.g., (Ferguson 1997b; Donnelly 2000). A shorter incubation period could
increase the predicted rate at which BSE spreads because it would increase the probability that an
animal would reach the later stages of infection, when infectivity loadsin the animal climb
sharply, prior to being sent to daughter. To quantify the potential impact of this assumption’s
uncertainty, the worst case assumes that the incubation period distribution is afactor of two less

than the base case (i.e., all percentiles of the distribution equal one-half their base case values).

Time until death following the onset of clinica signs: The duration between the onset of

clinical symptoms and death from BSE is well understood because these two events can be
directly observed. The uncertainty associated with this assumption is therefore unlikely to be
substantial. Moreover, it isunlikely that changing this assumption would substantially affect the
simulation’s predictions. Once an animal develops clinical signs, we assume that its infectivity
load remains unchanged (10,000 IDsps in the base case). Decreasing the assumed duration
between the onset of signs and death would tend to increase the predicted rate at which BSE
spreads because fewer of the animals that develop clinical signs would be sent to slaughter prior
to dying from BSE. The base case assumes that 90% of the clinical animals sent to slaughter
would be detected and disposed of in amanner that could not expose any additional animalsto
the BSE agent. Among those animals that die on the farm (for whatever reason) prior to being
sent to slaughter, the base case assumes that only 15% are disposed of in a manner that cannot
lead to the exposure of any additional animalsto BSE. For the purpose of evaluating the
sengitivity of the simulation results to the assumed duration between the devel opment of clinical
BSE signs and death, we assume that for the worst case, this duration is uniformly distributed
between 1 and 4 months.
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3.22 The Slaughter Process
3.2.2.1 Level of Infectivity and Distribution of I nfectivity Throughout the Car cass

Total infectivity in carcass. Because the assumption that 0.1 g of brain from aclinically
affected animal amounts to one IDs is thought to be conservative (Section 4.2 in (DNV (Det

Norske Veritas) 1997)), it isunlikely that the amount of infectivity in asingle animal
substantially exceeds our base case estimate of 10,000 IDses. In fact, the latest pathogenesis
resultsindicate that 0.67 g of tissue from a full blown BSE case represents one 1D, (confidence
interval of 0.24gto 1.83 g) (p. 83in (Vossen 2003)). To address the possibility that continuing
experiments will find that smaller amounts of CNS tissue from clinically affected animals can
result in the transmission of BSE, our worst case assumes that the total infectivity inaclinicaly
affected animal is as much as 20,000 | Dxgs.

Distribution of infectivity throughout the carcass: We consider two deviations from the

base case. First, because some experiments have shown that other TSEs can be present in blood
(European Union Scientific Steering Committee 2000€), we consider the possibility that 0.016%
of the infectivity in an animal with BSE iscarried in blood. Thislevel of infectivity is consistent
with the assumption that its concentration is at the level of detection in an animal with afull-
blown case of BSE. Our assumptions reflect the judgment of the SSC that one kg of any cattle
tissue negative for infectivity in the mouse bioassay could contain as much asten oral cattle IDsps
(Annex 2 in (European Union Scientific Steering Committee 2000a)). Hence, we assume that the
3.8 kg of blood dried blood that can be recovered from an average steer (Romans 1974) could
contain 38 cattle oral IDggs.

Second, we consider the possibility that the amount of infectivity in trigeminal gangliais
higher than the level assumed in the base case. The base case assumes that the trigeminal ganglia
harbor no infectivity until the animal reaches the halfway point between exposure to BSE and
manifestation of clinical signs, after which time, we assume the trigeminal ganglia harbor 2.6% of
the total infectivity. The base case further assumes that no trigeminal gangliatissue isrecovered
for human consumption. The sensitivity analysis evaluates the impact of assuming that 0.1% of
the infectivity in the trigemina ganglia (as much as 0.0026% of the total infectivity) is recovered
for potential human consumption with 1% probability, and that with 99% probability, none of this

infectivity isrecovered for human consumption.
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3.2.2.2 Antemortem Inspection

The worst case scenario assumes that cattle with clinical signs of BSE will be detected at

antemortem inspection with 50% probability (compared to 90% probability for the base case).

3.2.2.3 Stunning

The prevalence of pneumatic stunning devices appearsto be zero inthe U.S. Eveninthe
late 1980s, before use of this technology fell out of favor, the proportion of animals stunned using
pneumatic devices was only 15% (see Section 3.1.2.3). For the purpose of evaluating this
assumption’ simpact on the simulation results, the worst case scenario assumes that the current

prevalence aso is 15%.

Both the malfunction probability and the production of emboli have been measured
empirically and are unlikely to be substantially greater than assumed by the base case scenario.
Because the worst case scenario assumption for the prevalence of pneumatic stunnersis so
conservative, and because device malfunction and emboli production have been empirically
measured, it is not necessary to consider more conservative assumptions for these last two

parameters.

3.2.2.4 Exsanguination

The use of the pneumatic stunner increases the probability that blood gathered by
exsanguinations will be contaminated with brain tissue from zero to 30%. Asnoted in Section
3.2.2.3, the worst case scenario assumption for the prevalence of pneumatic stunnersis very
conservative. The worst case scenario for exsanguinations assumes the same elevated prevalence
for pneumatic stunners of 15%. It also assumes that blood gathered under these circumstances
will be contaminated with 100% probability.

3.2.2.5 Disposition of Tissuesand Potential for Human Exposure

Table 3-8 detail s the base case and worst case assumptions regarding the proportion of
tissue recovered for human consumption. Note that none of these sets of assumptions reflect a
specified risk material (SRM) ban.
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Table 3-8
Base Case and Worst Case Valuesfor the Proportion of Tissues Recovered from
Cattlefor Human Consumption

Tissue Base Worst
Case Case
AMR Meat 0.98 0.98
Blood 0.05 0.3
Bone (in-bone cuts of meat) 0.98 0.98
Brain 0.01 0.02
Dorsal root ganglia 0 0
Eyes 0.001 0.002
[leum 0.01 0.02
Heart 0.5 0.6
Kidney 0.25 0.35
Liver 0.6 0.7
Lung 0 0
Muscle 0.98 0.98
Spinal Cord 0.01 0.02
Trigeminal ganglia 0 0

3.2.2.6 Splitting and Aerosolization

The base case results indicate that aerosolization is responsible for less than 1% of
potential human exposure. Moreover, the aerosolization assumptions, which are based on
empirical measurements (see Section 3.1.2.6) are probably conservative because we assume
steam washing of the carcass has no effect on the amount of deposited contamination. Because
the contribution of aerosolization to potential human exposure appears limited even with these
conservative assumptions (contaminated muscle meet in the base case accounts for 0.099 IDses on
average, compared to atotal of 39 IDg,s available for potential human consumption), itis

unnecessary to analyze its contribution to uncertainty quantitatively.

3.2.2.7 Disposition of the Spinal Cord and Dor sal Route Ganglia

The base case results indicate that contamination of AMR meat accounts for more than
half of all potential human exposure to BSE. Because of its apparent importance, we use
guantitative sensitivity analysis to evaluate the impact of uncertainty for this set of parameters on

the simulation model’s predictions.

The assumed proportion of animals processed usng AMR is already relatively high for

older animals (65% for animals 12 to 23 months, and 60% for animals 24 months or older). Our
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worst case scenario reduces the proportion of animals whose spinal cords are removed from 50%
to 10% when AMR is not used, and from 98% to 80% when AMR isused. Finaly, the worst
case scenario doubles the assumed base case mis-split frequency from 5% to 10% for animals

below the age of 24 months, and from 8% to 16% among animals 24 months or older.

3.2.2.8 Postmortem Inspection

The base case results indicate that almost all human exposure is due to consumption of
AMR (51%), brain (24%), beef on bone (12%), and spinal cord (9%). The contamination in
AMR meat derives from both spinal cord and DRG. The proportion of these tissues passing post
mortem inspection is already very high (90% for brain, spinal cord, and DRG, and 98% for beef
on bone). Hence, increasing the assumed proportion of tissue passing post mortem inspection

would have at most alimited effect on predicted human exposure.

3.2.2.9 Recovery of Material for Potential Human Consumption

For material passing post mortem inspection, ailmost all AMR meat and all beef on bone
are recovered for potential human consumption (98% in both cases). Although the base case
scenario assumes that only 1% of all brains and spinal cords are recovered for human
consumption, it is unlikely that consumption is substantially higher than we have assumed for
either of these tissues. In any case, it is unnecessary to use the simulation model to quantify the
impact of aternative assumptions for the food use recovery parameters because the impact on
human exposure would be linear (e.g., doubling the proportion of brains recovered for human
consumption would double potential human exposure attributable to brain consumption from the

base case value of 9.2 ID5,s 10 18.4 I DgpS).

Nor would any plausible change in the proportion of tissue recovered for potential human
consumption substantially affect the predicted spread of BSE among cattle. Any material
diverted away from potential human consumption would be rendered. The base case predicts that
rendering eliminates 37,000 | Dsps, which means that the total amount of infectivity sent to
rendering must exceed 37,000 IDses. Thetotal amount of infectivity in material recovered for
potential human consumption is approximately 0.1% of thistotal, so diverting this material to

rendering would have virtually no effect on the predicted spread of BSE.
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2833 3.23 Renderingand Feed Production

2834 For assumptions related to the rendering process, the feed production process, and to on-
2835 farm feed practices that have been evaluated as part of the uncertainty analysis, Table 3-9 details

2836  base case and worst case val ues.

2837
Table 3-9
Base Case and Worst Case Valuesfor Render Process, Feed Production Process,
and On-Farm Feed Practice Assumptions
Assumption Base Wor ¢t
Case Case
Proportion of animals rendered using various technologies
Batch (3.1 logs reduction) 5% 5%
Continuous/fat added (2.0 log reductions) 45% 20%
Continuous/no fat added (1.0 log reduction) 45% 70%
Vacuum (no reduction) 5% 5%
Rendering — Contamination of non prohibited MBM by
prohibited MBM in mixed facilities
Probability for a particular prohibited packet 14% 25%
Magnitude of contamination® 0.1% 1.0%
Rendering — Probability that prohibited MBM will be 5% 10%
mislabeled as non-prohibited MBM when produced by
either amixed or prohibited rendering plant
Feed Production — Contamination of non prohibited MBM
by prohibited MBM in mixed facilities
Probability for a particular prohibited packet 16% 16%
Magnitude of contamination® 0.1% 1.0%
Feed Production — Probability that prohibited feed will be 5% 33%
mislabeled as non-prohibited feed when produced by either a
mixed feed production plant
Probability that correctly labeled prohibited feed will be 1.6% 15%
incorrectly administered to cattle
2838
2839 Notes:
2840
2841 a. Refers to the proportion of the prohibited packet that ends up in the non-prohibited packet when
2842 contamination occurs.
2843

2844  3.2.4 Potential Human Exposure

2845 Section 3.2.1.9 discusses the worst case assumptions for this set of parameters.
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3.25 Simultaneous Evaluation of Multiple Worst Case Assumptions

As described in the introduction to Section 3.2, we report results for simulations that
simultaneoudly assign worst case values to multiple parameters. The sets considered
simultaneoudly are the cattle population dynamic assumptions (base case values described in
Section 3.1.1), the daughter process assumptions (base case values described in Section 3.1.2),
and the MBM production, feed production, and feed practice assumptions (base case values
described in Section 3.1.3). We aso evaluate the impact of simultaneously assigning all
assumptions to their worst case in each possible pair of these sets (cattle population dynamics and
dlaughter process; cattle population dynamics and MBM production, feed production, and feed
practices; and slaughter process and MBM production, feed production, and feed practices).

326 Summary

Table 3-10 summarizes the worst-case simul ations conducted and identifies reasons for

using the simulation model to quantify the impact of other worst case assumptions.

Table 3-10
Summary of Worst Case Analyses

Worst Case Not Simulated Because

Section Description Worst Case Base Case Parameter’s Relationship
Simulated Contribution Uncertainty Between
Small and/or Impact Par ameter
on Output and
Small Simulation
Output Well
Understood

Cattle Population Dynamics

3.2.1.1 | Cattle population X
parameters

3.2.1.2 | Dieon farm render X
rate

3.2.1.3a | Bypassprotein X
consumption

3.2.1.3b | blood consumption X

3.2.1.4a | BSE dose response X
shape
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Table 3-10
Summary of Worst Case Analyses

Worst Case Not Simulated Because

Section Description Worst Case Base Case Parameter’s Relationship
Simulated Contribution Uncertainty Between
Small and/or Impact Parameter
on Output and
Small Simulation
Output Well
Understood
3.2.1.4b | BSE susceptibility X
3.2.15 | Maternd X
transmission
3.2.1.6 | BSE incubation and X
time until death

Slaughter Process

3.2.2.1a | Tota infectivity in X
carcass

3.2.2.1b | BSE inblood X

3.2.2.1c | BSEintrigemina X
ganglia

3.2.2.2 | Antemortem X
inspection

3.2.2.3a | Prevalence of X
pneumatic stunners

3.2.2.3b | Stunner malfunction X
rate

3.2.2.3c | Emboli formation X
rate

3.2.2.4 | Exsanguination X

3.2.2.5 | Disposition of tissues X
for human
consumption

3.2.2.6 | Splitting X

3.2.2.7 | Spina cord and DRG X
disposition
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Table 3-10
Summary of Worst Case Analyses

Section Description Worst Case Base Case Parameter’s Relationship
Simulated Contribution Uncertainty Between
Small and/or Impact Parameter
on Output and
Small Simulation
Output Well
Understood
3.2.2.8 | Postmortem X
inspection
3.2.2.9 | Recovery of material X X
for human
consumption
MBM Production, Feed Production, and Feeding Practices
3.2.3.1 | Render technology X
3.2.3.2 | MBM contamination X
3.2.3.3 | MBM midabeling X
3.2.3.4 | Feed contamination X
3.2.3.5 | Feed mislabeling X
3.2.3.6. | Misfeeding X
2862
2863 3.3 TheBaseCase: Impact of Alternative Sources of I nfectivity
2864 This section describes how we evaluated the impact of different sources of infectivity on
2865 themodel’s predictions. For each of the scenarios considered, we adopted the base case
2866  assumptions. Infectivity sources evaluated include: spontaneous development of disease (Section
2867  3.3.1), import of infected cattle or contaminated feed (Section 3.3.2), scrapie in sheep (Section
2868  3.3.3), chronic wasting disease (CWD) in deer/elk-derived protein supplements (Section 3.3.4),
2869  CWD from direct contact with infected mule deer, white tail deer and/or elk (Section 3.3.5),
2870  transmissible mink encephalopathy in mink (Section 3.3.6), a TSE in pigs (Section 3.3.7), aTSE
2871  inchickens (Section 3.3.8), and recycled waste (Section 3.3.9). Section 3 in Appendix 2 to this
2872  report detail s the parameter file changes made for each of these scenarios.
2873

Worst Case Not Simulated Because
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3.3.1 Spontaneous BSE

Because there are no measurements of an incidence rate for spontaneous BSE in cattle,
we use the observed age-specific sporadic rate for CID in humans as a proxy, adjusting the ages
to reflect the difference between the natural lifespan for bovines (approximately 20 years)
(Nowak 1983) and the much longer natural lifespan for humans (approximately 75 years). For
example, the CJD incidence rate for 75-year old humansis assumed to represent the BSE
incidence rate for 20-year old bovines. Making this adjustment and taking into account the

incubation period for BSE yields the age-specific rates that appear in Table 3-11.

Devel oping age-specific rates is necessary because the often-quoted incidence rate for
sporadic CID in humans of one per million per year hides substantia variation across age groups.
Thedisease is virtually never seen before age 30 and has a peak incidence between ages 60 and
65 (Collinge 1997). If this pattern (Figure 3-8) is applicable to sporadic BSE, then estimated

ratesin cattle must reflect the age structure of the disease.

Finally, recall that the human CJD rates used to estimate the incidence rate for BSE
represent the rate at which clinical cases appear in the population. Therefore, the ratesin Figure
3-8 cannot be used to estimate the rate at which new pre-clinical cases might develop. Instead,
the case age-specific clinical incidence rates must be advanced by the duration of the period
between infection and the manifestation of clinical signs. The median incubation period for BSE
is approximately four years (Section 3.1.1.6). Table 3-11 lists the sporadic BSE rates inferred
from the human sporadic CJD rates. Note that the fourth column from the left (the spontaneous
BSE new infection rate) is similar to the third column from the left (the spontaneous CJD new

clinical caserate) but is offset by three rows, representing four years.
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Table3-11
Human Age Categories, Equivalent Cattle Age Categories, and Age-Specific Human
Sporadic CJD Rates?

Human Age Equivalent Annual Clinical  Annual Pre-Clinical
Category Cattle Age Category CJD Incidence Rate BSE Incidence Rate
(years) (years) (per million) (per million)
Oto 4 0.0to0 1.0 <0.01 0°
5t09 13to24 0 <0.01
10to 14 2.6t03.7 0 <0.01
15t0 19 4.0t05.0 0 0.04
20to 24 53t06.4 <0.01 0.08
251029 6.6t07.7 <0.01 0.16
30to 34 8.0t09.07 0.04 0.45
35t0 39 9.3t010.4 0.08 0.99
40to 44 10.6 to11.7 0.16 214
4510 49 12.0t013.0 0.45 3.55
50to 54 13.3tol4.4 0.99 5.03
55t0 59 14.6to15.7 214 5.75
60to 64 16.0t017.0 3.55 5.6
65to 69 17.3t0184 5.03 3.94
70to74 18.6t019.7 5.75 242
75t079 20.0t021.0 5.6 2.42°
80to 84 21.3t022.4 3.94 2.42°
85+ 226+ 2.42 2.42°
Notes:
a. Adapted from (Holman 1995; anonymous 1996)
b. We assume that the spontaneous CJD case observed in a young child was spongiform degeneration

of infancy erroneously coded as CJD.

C. We assume that the spontaneous rate for BSE remains unchanged at ages beyond what can be
inferred from the corresponding spontaneous CJD data.

3.3.2 Import of Infected Cattle or Contaminated Cattle Feed

Because APHI S has banned the import of cattle and feed from countriesin which the
presence of native BSE has been documented (see Section 2.3.2), theimport of even asingle
infected animal is not highly likely. Given that even inthe UK, the prevalence of BSE is
relatively small, it isimplausible that alarge number of animals infected with BSE might be
imported into the United States.

Nonetheless, in order to evaluate the robustness of the U.S. cattle population against the
introduction of BSE-infected animals, we have simulated the introduction of 1, 5, 20, 50, 200,
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and 500 infected animalsinto the U.S. We assume that the imported animals are 12-month old
female dairy cattle that have just becomeinfected. The number of animals was chosen arbitrarily
to bound any potential introduction. Dairy cows were modeled to increase the likelihood that
animals would survive long enough to potentially introduce significant infectivity into the U.S.

system.

In order to evaluate the robustness of the U.S. cattle population against the introduction
of contaminated feed, we have simulated the introduction of feed containing 10,000 | Dses.
Because rendering reduces the amount of infectivity by an average of afactor of approximately
ten, this scenario is equivalent to the import of feed contaminated with the remains of ten full
blown cases of BSE. We also assume that this feed is very widely distributed so that no single
animal receives more 0.2 IDsps. Asaresult, this scenario does not “waste” any of the infective

agent by sending more to any single animal than is needed to guarantee that animal’ s infection.

3.3.3 Domegtic Scrapie

The transmission of scrapie from sheep to cattle is one of the primary hypotheses for the
origin of BSE (Horn 2001). Moreover, scrapieis present in the United States. Although no
North American strain of scrapie has been successfully transmitted to cattle exposed ordly to the
agent (Cutlip 2001), we evaluate the impact of assuming that such transmission is possible. In
particular, if transmission is possible, we estimate that the rendering of scrapie-infected sheep
could expose the U.S. cattle population to one cattle oral 1Ds, in feed each month. The derivation
of this estimate is based on the assumption that the number of cattle oral IDses administered to
cattle is equal to the product of 1) the number of scrapie-infected sheep rendered each year, 2) the
number of sheep oral 1Dxgs per infected animal, 3) the inverse of the cattle-sheep species barrier,
and 4) the proportion of infectivity sent to rendering that survives rendering and is ultimately
administered to cattle.

Number of scrapie-infected sheep rendered: We estimate the number of clinical sheep
and the number of pre-clinical sheep separately. A total of approximately 180,000 federally
inspected mature sheep are slaughtered each year in the U.S. (U.S. Department of Agriculture
1998). Assuming that the prevalence of scrapieisthe sameinthe U.S. asitisin the UK (11%)
(Simmons 2000), there are approximately 20,000 sheep with scrapie slaughtered each year.
Although sheep with clinical signswould ordinarily be detected at AM inspection and directed to
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incineration, we assume that they are rendered. We assume that 1% of the infected sheep fdl into
this category, suggesting that approximately 200 sheep with clinical signs are slaughtered each
year. Note that these estimates are likely to be conservative because the true preval ence of

scrapieinthe U.S. is probably lessthan it isin the UK.

Number of sheep oral 1Dss per clinical scrapie case: For sheep with clinical scrapie, we
assume that this quantity is 10,000, i.e., the same as the number of cattle oral 1Dss per clinical
case of BSE. In order to estimate the amount of infectivity in sheep that are not yet showing
clinical signs of disease, we assume that the infectivity load for scrapie follows the same temporal
pattern as BSE does in cattle (see Figure 3-6). Asaresult, we estimate the average number of
IDgos in a sheep to equal the time-averaged D5, burden in cattle over the period prior to the
development of clinical signs. This average is approximately 600 I Dges.

The cattle-sheep speciesbarrier: We assume that the species barrier between sheep and
cattleis 1,000, i.e., 1 sheep ora D5, isequivalent to 0.001 cattle oral IDsss. Thisassumption is
based on an evaluation of the relative transmissibilty of BSE from cattle to mice (Bradley 1999)
and on results from in vitro conversion studies (Raymond 1997). The true species barrier is
unknown and may be substantially higher. For example, no North American strain of scrapie has

been successfully transmitted to cattle exposed orally to the agent (Cutlip 2001).

Proportion of infectivity surviving rendering and administered to cattle: We used the
simulation model, along with the base case assumptions to estimate the proportion of infectivity
in prohibited materia that is ultimately administered to cattle. In particular, we repeatedly
simulated the rendering of a bovine with 1 1Ds, using the base case assumptions. Based on 1,000
runs of this simulation, we estimate that under the conditions described the base case, the average
number of 1Dg,s administered to cattle amounted to 8 x 10, i.e., alittle less than 0.1% of the

infectivity in prohibited material survives rendering and is ultimately administered to cattle.

Total infectivity to cattle: For sheep with clinical scrapie, the product of the four
guantities just described is approximately 2 cattle oral IDsgs per year. For sheep not yet showing
clinical signs of disease, the product is approximately 10 cattle oral 1Dss per year. Thetotal
amounts to 12 cattle oral IDsgs annually, or 1 cattle oral IDsy per month. Note that this estimate

probably overstates actual cattle exposure for two reasons. First, it islikely that the true species
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barrier is greater than the value of 1,000 used here. Second, the prevalence of scrapieinthe U.S.
is probably less than the UK preval ence rates adopted here.

3.34 Chronic Wasting Disease: Oral Exposure

The FDA feed ban prohibits the use of rendered material derived from cervidsin the
production of feed to be administered to cattle. However, because the ban is not completely
effective, cattle may be exposed to cervid-derived protein and henceto CWD. This section
describes our estimate of an upper bound on this exposure. Annual cattle exposure to CWD
attributable to consumption of cervid-derived protein isthe product of the 1) number of diseased
animals harvested, 2) the number of cervid IDsgs per slaughtered case, 3) the fraction of animals
rendered, 4) theinverse of the species barrier, and 5) the proportion of infectivity surviving
rendering and administered to cattle. As described below, we estimate that present-day exposures
to CWD among the U.S. cattle population could be as high as two cattle oral 1DsS per year,

although the true value islikely to be substantially lower and could be zero.

Number of diseased animals harvested: Table 3-12 details the disease prevalence rate,
population size, and annual harvest rate for the three species suspected of harboring CWD. In
one respect, these estimates are likely to overstate the true val ues because they assume the
prevalence rate for the endemic area applies to the entire population. On the other hand, because
monitoring of CWD islimited to post mortem evaluation of brain tissue, it is possible that

surveillance fails to detect animals with less advanced disease.
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Table 3-12
Annual Number of CWD-Infected Animals Har vested
Species Disease Population Annual Infected Animals
Prevalence® Size’ Harvest Harvested per
Rate” Year®

Mule deer 4.9% 2 x 10° 20-25% 24,500
White tail deer 2.1% 3.2x 10 25% 168,000
Rocky Mountain Elk 0.5% 1.0 x 10° 15-20% 1,000
Total 194,000
Notes:

a. Refers to the estimated prevalence of CWD among animals harvested from the CWD endemic areas

of north central Colorado and southeastern Wyoming (Miller 2000).

b. Source (Rocky Mountain Elk Foundation 1997); Lloyd Floyd, personal communication; Quality
Deer Management Association's.

C. Computed using the upper bound annual harvest rate in the fourth column from the left.

Number of cervid IDss per case: Because the preva ence rate has been estimated on the
basis of post mortem evaluation of brain tissue, they may reflect only those animals that have

advanced disease. We assume that there are 10,000 cervid oral |Dss per case of disease.

Fraction of animals rendered: Only asmall portion of cervids harvested for human
consumption are likely to be rendered at al. Thosethat are rendered are most often processed by
an independent facility that handles only prohibited rendered material (Franco 2001). We assume
that 10% of the harvested cervids are rendered.

The species barrier: Asnoted in Section 2.3.4, the species barrier for the transmission of
CWD from cervids to cattle appears to be between 10° and 10™. We conservatively assume that

the species barrier valueis 10°.

Proportion of infectivity surviving rendering and administered to cattle: Asdescribedin
Section 3.3.3, under present-day conditions (i.e., with the adoption of the feed ban), total cattle
population exposure to infectivity is approximately 0.1% as great as the amount of infectivity in

animals sent to rendering.

Total Cattle Population Exposure: Under present-day conditions, total exposure to CWD
is estimated to amount to no more than 2 cattle oral 1DsS per year, or approximately 0.2 cattle
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oral IDses per month. As noted above, this estimates reflects several assumptions that are

potentially very conservative. Thetruelevel of exposure is perhaps much lower.

3.35 Chronic Wasting Disease: Lateral Transmission

Because the potentia impact of this sourceisinsignificant (see Section 2.3.5), we do not
guantitatively model itsimpact on the prevalence of BSE in the U.S. cattle population or its

contribution to contamination of the U.S. food supply.

3.3.6 Mink

Asisthe case with cervids, FDA regulations prohibit the administration to cattle of feed
fortified with protein derived from mink, although this ban may not completely prevent such
exposures. This section describes our devel opment of an upper bound estimate on this exposure,
which we estimate to be on the order of 1 cattle oral IDg, annually. The true valueislikely to be
substantialy lower, and could be zero. Our methodology is similar to that used to evaluate the
exposure risk associated with CWD. Annual cattle exposure to TME attributable to consumption
of mink-derived protein is the product of the 1) number of diseased animals harvested, 2) the
number of mink 1Dxs per animal slaughtered, 3) the fraction of animals rendered, 4) the inverse
of the species barrier, and 5) the proportion of infectivity surviving rendering and administered to
cattle.

Number of diseased animals harvested: A total of 2.6 million mink are harvested in the
U.S. annualy (U.S. Department of Agriculture 2001b). The prevalence of diseaseis unknown.
We assume that the prevalence of clinical and pre-clinical disease are both similar to the
corresponding rates for scrapie, or approximately 0.1% and 10%, respectively. Hence, we
estimate that there are 2,600 clinical animals and 260,000 pre-clinical animals slaughtered each

year.

Number of mink IDss per case: Aswe estimated for scrapie, we assume that pre-clinical

animals harbor an average of 600 mink 1Ds,s, whereas clinical animals harbor 10,000 mink |Dsgs.

Fraction of animals rendered: We estimate that 60% of daughtered mink are rendered
(Platt 2001).
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The species barrier: Experimental transmission of TME from the Stetsonville outbreak
to cattle viai.c. inoculation resulted in animals developing a fatal spongiform encephal opathy
(Marsh 1991), although it appeared to be distinct from BSE. Aswith CWD, we assume that the
species barrier for TME transmitted to cattle is 10°.

Proportion of infectivity surviving rendering and administered to cattle: Asin the case of

CWD, we assume that this value is now 0.1%.

Total infectivity reaching cattle: Total infectivity reaching cattle from clinical TME
cases amountsto 0.2 cattle oral IDss annually, while the corresponding value for pre-clinical
animalsis 0.9 cattle oral ID5,s. Thetotal amountsto 1 cattle oral 1Ds, per year, or approximately
0.1 cattle oral 1Ds,s per month. Because this source exposes cattle to substantially less infectivity
than does scrapie (as modeled in Section 3.3.3), we do not quantitatively model itsimpact on the
prevalence of BSE in the U.S. cattle population or its contribution to contamination of the U.S.

food supply.

3.3.7 Pigs

Because the potential impact of this sourceisinsignificant (see Section 2.3.7), we do not
guantitatively model itsimpact on the prevalence of BSE in the U.S. cattle population or its

contribution to contamination of the U.S. food supply.

3.3.8 Poultry

Because the potential impact of this sourceisinsignificant (see Section 2.3.8), we do not
guantitatively model itsimpact on the prevalence of BSE in the U.S. cattle population or its

contribution to contamination of the U.S. food supply.

339 Recycled Waste

Because the potential impact of this sourceisinsignificant (see Section 2.3.9), we do not
guantitatively model itsimpact on the prevalence of BSE in the U.S. cattle population or its

contribution to contamination of the U.S. food supply.
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3.4  Alternative Scenarios Evaluated Using the Simulation M odel

The alternative scenarios eval uated using the simulation model fall into three categories.
First, we evaluate the plausibility of the model’ s output by comparing the predicted number of
clinical BSE cases to the observed number of clinical BSE cases between 1985 and 2000 in
Switzerland (Section 3.4.1). Second, we evaluate the potential for two sources of infectivity
(spontaneous disease and cattle imported from the UK during the 1980s) to have introduced BSE
into the U.S. prior to the implementation of regulations meant to limit its spread (Sections 3.4.2
and 3.4.3). Finaly, we evaluated the extent to which additional risk management actions
(implementation of a UK-style specified risk material (SRM) ban, or a ban on the rendering of
cattle that die on the farm) reduce the potential spread of BSE among cattle and potential human
exposure (Sections 3.4.4 and 3.4.5). Section 4 in Appendix 2 to this report details the parameter

file changes made for each of these scenarios.

34.1 Switzerland

Because there has never been a controlled experiment to quantify the impact of
introducing BSE into a country, atrue validation of the simulation model described in this report
isnot possible. Instead, this section describes an evaluation of the model’ s plausibility that
involves modeling the small BSE outbreak observed in Switzerland following the introduction of
BSE infectivity from the UK. Working with experts in Switzerland, we identified appropriate
parameter values in order to characterize the herd population dynamics, conditions, practices, and
proceduresin that country. The Switzerland scenario reflects changing conditions over time. In
addition to specifying conditions at the beginning of the simulation (1986), the scenario also
reflects changes to these conditions in 1990, 1993, 1996, 1998, and 2001.

This scenario, referred to as “ Swiss Best Guess’, reflects our best estimate of conditions
in Switzerland during the period simulated. After describing this scenario, we outline two
modifications (“Swiss Alternative 1” and “ Swiss Alternative 2”) that were developed after
comparing the results of Swiss Scenario to empirical data. Swiss Alternative 1 and Alternative 2
were developed to see whether modest changesto our initial assumptions (modifications that are
well within the range of plausibility given our underlying uncertainty) could yield results that are

more consistent with these empirica findings.
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Swiss Best Guess

1986: The Switzerland scenario beginsin 1986, the year we assume that 67 newly
infected Swiss female dairy cattle were incubating BSE (Doherr 1999). Thirty of these cattle are

assumed to be 25 months of age and the remaining 37 are assumed to be 26 months of age.

At the same time, the Switzerland scenario assumes that feed containing 4,000 cattle oral
IDgos was imported. This assumption is based on information that three tons of MBM were
imported from the UK between 1985 and 1989. We assume that during that period, MBM from
Britain was contaminated with BSE. In particular, we assume that the three tons of MBM
imported from Britain represented rendered protein from three cattle, each of which harbored
between 800 and 2,000 cattle oral IDsgs. We assume that the three tons of MBM were used to
supplement feed at a concentration of 5% and was therefore distributed as part of atotal of 60
tons of feed. Assuming that cattle consume 30 pounds of feed a day (3% of their weight) and that
farms purchase feed in lots sufficient to last them 30 days, the 60 tons (120,000 pounds) of feed
would be divided among 133 cattle (i.e., 120,000 pounds + (30 pounds/cow-day x 30 days)).

Differences between the base case and the Switzerland scenario in 1986 include the
following. First, the misfeeding rate is assumed to be 15%, considerably higher than the 1.6%
misfeeding rate in the base case. The assumption of a substantialy higher misfeeding rate is
based on the observation that a substantial proportion of the farmsin Switzerland raise both
livestock that can consume prohibited feed and livestock that are restricted to non-prohibited
feed. For example, farm census data suggest that nearly 67% of the poultry in Switzerland are
raised on farms that also raise cattle (Heim 2001). For hogs, the corresponding proportion is 59%
(Heim 2001).

Second, the Switzerland scenario assumes that most rendering systemsin usein 1986 in
Switzerland used batch processing technology, which normally reduces infectivity by afactor of
1,000 (i.e., 310gs). However, because use in Switzerland typically did not conform to the
133°C/20 minutes/3 bars of pressure minimum treatment standard, we assume that the magjority of

rendering facilities achieved only 2 logs of infectivity inactivation.

Finally, the Switzerland scenario reflects the absence of afeed ban in 1986.
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1990: In December, 1990, Switzerland enacted a feed ban and a ban on the rendering or
use as human food of SRM, including brain, spinal cord, dorsal root ganglia, gut, lung, eyes, and
AMR meatE.| The structure of the MBM and feed production industries made failures of the ban
on the use of SRM in animal feed morelikely. In particular, a substantial portion of the
prohibited feed was produced by mixed feed producers. We assume that these producers
mislabeled or failed to properly label 10% of their prohibited feed and that contamination
occurred during production of 20% of the prohibited feed. We aso note that increased efforts to
keep specified risk materials (SRM) out of the human supply may have increased pressure to
divert the flow of this material into MBM and ultimately into animal feed.

1993: By 1993, rendering practices improved. We assume that at that time, all renderers
complied with the 133°C/20 minutes/3 bars of pressure standard, and hence that all rendering
achieved a 3.1 logs of infectivity reduction (afactor of approximately 1,260).

1996: Changesin farming practices also helped reduce the spread of BSE infectivity.
These changes included reduced misfeeding of prohibited rationsto cattle (we assume this rate
was 0.1%) and eiminating the rendering of cattle that had died on the farm.

1998: In 1998, daughter facility practices further improved with an increased effort to

remove spinal cords after splitting. We assume the spinal cord was removed 99.9% of the time.
2001: Finadly, in January, 2001, Switzerland outlawed the practice of feeding MBM to
any farm ani maIE! This move essentialy eliminated the possibility of misfeeding animals. In

addition, Switzerland prohibited the feeding of blood meal to cattle.

Swiss Alternative 1

This scenario is the same as the Swiss Best Guess scenario except that we divided the

assumed import of 4,000 cattle oral IDses equally over three months at the beginning of the

® The November, 2001 version of this report assumed that this change occurred in January, 1990, rather
than in December of that year. We revised this assumption in response to information from the Swiss
Federal Veterinary Service Swiss Federal Veterinary Service (2002). Memo (March 18) to the Harvard
Center for Risk Analysis: "Comments on the Harvard study: Evaluation of the potential for Bovine
Spongiform Encephalopathy in the United States". .

® The November, 2001 version of this report assumed that this change occurred in January, 1999. We
revised this assumption in response to information from the Swiss Federal Veterinary Service lbid..
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simulation period (1,333 IDsgs per month) rather than assuming that it was all imported in the
same month. Doing so substantially increases the number of initial infections that occur at the
beginning of the simulation because the original simulation assumed that these 4,000 1Dsos were
imported in asingle month and divided among 133 cattle. Because the size of the exposed group
was relatively small for that quantity of infectivity, virtually all the animal s received more than
2.0 susceptibility-adjusted 1Dsgs, hence “wasting” infectivity. By dividing the delivery over three
months, atotal of 399 animals were exposed, hence resulting in a greater number of initial

infections.

Swiss Alternative 2

This scenario is the same as the Swiss Best Guess Scenario except that atotal of 8,000
IDgos were introduced into cattle feed in 1986 (rather than 4,000), with the import of this
infectivity uniformly distributed over a period of 6 months (1,333 IDsgS per month).

3.4.2 Spontaneous Disease as a Potential Source of I nfectivity in the U.S.

This scenario is the same as the spontaneous disease scenario described in Section 3.3.1
except that it also assumes the absence of the 1997 feed ban. We assume that prior to the
adoption of the 1997 feed ban, 65% of the MBM produced by renderers that processed cattle
went to animal feed manufacturers, while the remaining 35% was either exported or otherwise
alocated to some other use that posed no risk of exposing cattle to BSE infectivity. We further
assume that 98% of the feed produced by feed manufacturers was sent to farms and that only 2%
was allocated to uses that posed no exposure risk to cattle.

3.4.3 Cattlelmported intothe U.S. from the UK During the 1980s

This scenario evaluates the potential consequences of U.S. imports of cattle from the UK
during the 1980s prior to the imposition of an import ban in 1989. Of particular concern has been
the import 334 cattle from the UK and 162 cattle from the Republic of Ireland during that period
because those animals may have been infected with BSE. The vast mgjority of the cattle
imported from Ireland were regarded as posing a negligible risk because they were imported
before 1985 and hence before the prevalence of BSE rose sharply in the UK (Section 3.1.1in
(European Union Scientific Steering Committee 2000d)). Of the animals imported from UK,
USDA has determined that 161 were disposed of in a manner that eliminates the possibility that
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they could have either contaminated the human food supply or lead to the exposure of additional
animalsinthe U.S. to BSE. However, USDA has not been able to conclusively determine that
the other 173 animals posed no risk of contaminating either human food or animal feed. This
scenario characterizes the potential impact these cattle may have had on the presence of BSE in
theU.S.

For each of the 173 animals that may have posed an exposure risk, USDA has determined
from Department records and from interviews year of birth, animal type (beef or dairy), gender,
age when exported to the U.S,, and age when last seen. Using this information, we have
computed the probability that the animal was infected and the distribution of values for the
animal’ stotal infectivity load. Probabilistically summing these distributions over all 173 cattle
yielded a distribution of IDgs imported into the U.S. For this scenario, we assume that all
infectivity was imported in 1980. Appendix 5 describes our methodology for developing the
imported infectivity distribution.

To determine the impact of these imports, we simulated the introduction of various
amounts of infectivity in cattle feed into the U.S. Amounts simulated were 0.1, 1.0, 5.0, 10.0, and
50.0 cattle oral 1Dsps. The simulation started in the year 1980 and ran through the year 2010.

The following assumptions were made for each time period over that 30-year duration.

1980: We assume that at the beginning of the simulation, there was no feed ban in place.
In addition, we assume that for cattle between the ages of 12 and 23 months, mis-splits occurred
with 5% probability, AMR was used 20% of the time, and spina cords were removed with 50%
probability (regardiess of AMR usage). The same assumptions apply to animals 24 months of
age and older, except for the mis-split probability, which is assumed to have been 8%. The
fraction of spina cord and DRG that contaminate AMR meat also differs somewhat from the
baseline assumptions (see Appendix 2 for details). Finally, we assume that air-injected

pneumatic stunning was used for 15% of all animals.

1993: We assume that in 1993, the proportion of animals processed in plantsusing AMR
increased from 20% to 40%.

1997: The simulation reflects implementation of the feed banin 1997. However, we
assume that at thistime, the mislabeling rate for prohibited and mixed renderers was 10% (instead
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of the base case value of 5%). We al so assume that the contamination rate for mixed renderers
was 28% (instead of the base case value of 14%). For prohibited and mixed feed producers, we
assume that the midlabeling rate was 10% (instead of the base case value of 5%). The probability
of contamination for mixed feed producersis assumed to have been 32% (instead of the base case
value of 16%).

1999: We assume conditions returned to those characterized by the base case

assumptions.

344 Risk Management: Specified Risk Materials (SRM) Ban

The SRM ban eliminates the potential for the foll owing tissues to contaminate either
human food or rendered material that might be used in feed: brain, spinal cord, gut, eyes, and
AMR meat products. The SRM ban also eliminates the practice of rendering animals that die on

the farm.

345 Risk Management: A Ban on Rendering Animalsthat Die on the Farm

Animalsthat die on the farm are not rendered. We assume that any infectivity in these
animals will not contaminate either human food or rendered materia that may be used as animal
feed.
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4 Results

This section highlights key results of the analysesin thisreport. Complete results can be
found in Appendices 3A and 3B. Appendix 3C describes how we have summarized the results

generated by the simulation using tables and figures.

Section 4.1 discusses the modeled impact of importing ten BSE-infected animalsinto the
U.S. under present-day conditions (i.e., the base case as described in Section 3.1). The model
predicts that such an introduction would be unlikely to result in more than a handful of new cases
of BSE, that little infectivity would be likely to reach the U.S. human food supply, and that BSE

would likely be cleared from U.S. in less than 20 years.

Section 4.2 describes the results of the sensitivity analyses outlined in Section 3.2. In
particular, we describe how altering these assumptions influenced the predicted number of new
BSE cases and the amount of infectivity potentially available for human consumption following
introduction of ten infected animals. The sensitivity analysis results indicate that the predicted
number of additional cattle infected is particularly sensitive to the assumed proportion of
prohibited MBM that is mislabeled and the assumed proportion of properly labeled prohibited
feed that isincorrectly fed to cattle. Predicted human exposure is likewise sensitive to these
parameters. It isalso sensitive to the assumed number of 1Dx,s in the carcass of an animal with

full blown BSE, and to alesser extent to several parameters related to the slaughter process.

Theresultsindicate that both the spread of BSE and potential human exposure are
proportional to the number of infected cattle introduced into the U.S. We aso investigate the

impact of importing contaminated feed.

Section 4.3 describes the predicted impact of different sources of infectivity and
evaluates both their plausibility and potential for BSE infectivity to spread to cattle or to be
available for potential human exposure. The simulation model predicts that under current
conditions (i.e., base case assumptions) Cross species transmission of scrapie or spontaneous BSE,
if they can occur, would produce one to two new cases of BSE per year in the U.S. and little
infectivity to humans. Simulations investigating scenarios in which different numbers of infected
cattle are imported into the U.S. indicate that both the spread of the disease among cattle and

potential human exposure are roughly proportional to the number of infected animals imported.
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In all cases tested (up to 500 infected animal s imported), the prevalence of BSE decreases over
time and tends to be eventually eliminated from the U.S.

Finally, Section 4.4 describes the model’ s predictions for the scenarios outlined in
Section 3.4. The predictions made by the model for the Switzerland scenario are sufficiently
similar to those observed to lend the model credibility. Our anaysis of potential imports of BSE-
infected animals from the UK into the U.S. during the 1980s shows that it is unlikely although not
impossible that these imports introduced BSE into the U.S. cattle population. Finally, the
simulation’s predictions suggest that two risk management measures (a specified risk material
ban or a ban on the rendering of cattle that die on the farm) would each further improve defenses

against the spread of BSE in this country.

Section 4.5 concludes our report with a summary of the main findings and the
implications of BSE for both animal and public health in the U.S.

Before proceeding, we note that many of the simulation results are “right skewed,”
meaning that the average value often exceeds the median (50") percentile and can sometimes
even exceed the 95" percentile. A right-skewed distribution arises when the lower end of the
distribution is bounded (in our case, all of the quantities must be non-negative), and rare events
can cause very large outcome values. For example, the probability that the brain of a BSE-
infected animal will be selected for potential human consumption is very low because there are
few sick animals and few brains harvested for human consumption. However, if this event does
occur, it makes a substantial quantity of infectivity available for potential human consumption. If
this event occurs only five times in 5,000 simulation runs, the arithmetic mean for the number of
cattle oral 1Dgos available for human consumption from brain would exceed this outcome’ s value
for 4995 of the 5,000 runs (i.e., zero). For this reason, we report key percentile values for each
outcome, in addition to the arithmetic mean. Appendix 3C further describes how we have
reported the simulation results. The results discussion focuses on mean and median values to
characterize the central tendency for each quantity, and the 95™ percentile to characterize a

guantity’ s extreme (although not worst possible) case value.
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4.1 Base Case

The assumptions that define the base case correspond to contemporary conditionsin the
U.S., including all risk management actions taken by government and industry. Appendix 1,
Section 2 details the corresponding parameter values. Because BSE has not been found in the
U.S., the base case is evaluated by assuming the import of ten BSE-infected animals. Such an
introduction is considered unlikely because of the ban on importing ruminants from countries
known to have BSE. However, this approach alows characterization of the way in which

infectivity could spread to animals or humans should the disease be introduced.

The introduction of ten infected animals demonstrates the robustness of U.S. regulations
and practices against the establishment of BSE (full results can be found in Section 1 of
Appendices 3A and 3B). On average, there are fewer than five new cases of BSE, with a 75%
chance that there will be no more than one new case, and at |east a 50% chance that there will be
no new cases at all. The extreme case (the 95™ percentile of the distribution) predicts 16 new
cases. The simulation predicts an average of 39 cattle oral 1Dsos potentially available for human
consumption during the 20-year period following the import of the infected animals, with a 95"
percentile value of 180 cattle oral 1Dsps. In all cases, the disease is quickly eliminated from the
U.S., with virtually no chance that there are any infected animals 20 years following the import of

infected animals.

Potential human exposure routes include consumption of brain (24% of the total on
average), contaminated AMR product (51%), beef on bone (12%), intestine (2 %), and spinal
cord (10%). Even these estimates are likely to overstate true human exposure because they
represent the amount of infectivity presented for human consumption but do not take into account
waste or actual consumption rates. For example, the reported quantity for potential exposure of
IDgos in beef on bone potentid reflects the presence of spinal cord and dorsal root gangliain a
fraction of cutslike T-bone steaks. The spinal cord may never be consumed but is still available
for potential human exposure. Likewise, not al bovine brain removed for human consumption is
actually eaten by humans. Some is not purchased at the retail level and some is not consumed
even when purchased. These issues are also relevant to the other tissue categories. For these
reasons, our estimates of potential human exposure are likely to overestimate true exposure to
infected BSE tissues.
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To further characterize the resilience of the U.S. agriculture system, we simulated the
impact of introducing 1, 5, 20, 50, 100, 200 or 500 infected cattle (see Section 4.3.3).

4.2  Sensitivity Analyses

This section describes how the use of worst case assumptions in the scenario
hypothesizing the introduction of ten infected cattle into the U.S. influences the findings detailed
in Section 4.1.

As described below, we find that with three exceptions, the model continues to predict
with ahigh level of certainty that the U.S. agricultural system remains robust against the spread
of disease unless worst case values are assigned to multiple parameters simultaneously. In
particular, the model’ s predictions change most dramaticaly if parametersin the feed production,
MBM production, and feed administration practices parameter group are simultaneously assigned
worst case values. Because the worst case values are unlikely to be correct for multiple
parameters simultaneoudly, the sensitivity analysis suggests that the findings from Section 4.1 are
reasonable. Nonetheless, it would be helpful to devel op better information for those parameters

that do contribute most substantially to the uncertainty of our findings.

Appendix 3A, Section 2 summarizes the results for each scenario (one table per set of
assumptions evaluated). Appendix 3D summarizes the results for each quantity across all
scenarios. The resultsin Section 3D clearly illustrate our finding that most alternative sets of
assumption have virtually no impact on the simulation results. Moreover, simultaneously
assigning worst case values to both the cattle demographic assumptions and the MBM
production, feed production, and feeding practice assumptions has afar greater impact than any
other alternative evaluated.

421 Number of Additional Infected Cattle

As noted in the introduction of Section 3.2, using the base case assumptions resultsin an
R, value that is virtually certain to be less than unity, indicating that the prevalence of BSE would
decrease over time after being introduced into the U.S. Figure 4-1 illustrates how each alternative
worst case assumption individually influences the predicted number of additional new cases of

BSE over a 20-year period after the introduction of ten infected animals.
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Figure 4-1 can be interpreted by considering an approximate correspondence between the
number of additional infected cattle and the value of R,. Roughly speaking, if Rqis unity (i.e.,
each infected animal infects one additional animal), we would expect the number of additional
infected animals to be the product of the number of infection cycles and the number of initia
animalsinfected. Theinfection cycle isthe duration between the infection of an animal and that
animal’ s death, at which point the cycle can initiate the next round of infections. The longest this
period can be isthe length of the incubation period plus the amount of time the animal remains
clinical before dying. The average incubation duration is 52 months, while the average time the
animal remains clinical isfour months. Hence, the average incubation cycle is 56 months long.
Asaresult, there are approximately four full infection cycles per 20 year period, indicating that if
Ry is unity, there should be approximately 40 additional infected animals following the

introduction of ten initial infected animals.

We note that this estimate is likely to be conservative because the true infection cycle
duration islikely to be less than the average incubation period. For example, in the base case,
more than half the infected animals died at daughter (8.3), rather than on the farm (6.0). The 8.3
animals that died at slaughter produced 1,600 I1Dxs, far less than would be expected if the
animals had survived through the entire incubation period. Hence, an R, equal to unity should
probably result in more than 40 additional infected animals. Nonetheless, we will use the value

of 40 additional animals for the purpose of evaluating the sensitivity analysis findings.

Theresultsillustrated in Figure 4-1 indicate that with the exception of three parameters
(3.2..3.1 — Render reduction factor, 3.2.3.5 — Render mislabeling, and 3.2.3.6 — Misfeeding), use
of worst case assumptionsin place of base case assumptions produces R, values that remain
below unity with at least 95% probability. Even for these last three parameters, use of worst case
valuesresultsin Ry values exceeding unity with less than 25% probability. For example, for the
worst case assumptions for misfeeding, the number of additional infected cattle has a 50"
percentile value of 1 (R, < 1), and a 75" percentile value of 16 (R, < 1). Only the 95™ percentile,
which is 420, implies an R, value exceeding unity. (The mean valueis64). Theresultsalso
show that with the exception of the render reduction factor paramter, the render mislabeling
parameter, and the misfeeding parameter, none of the worst case assumptions substantially
change the results distribution, when compared to the base case (first distribution on left side of
Figure 4-1).
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Figure 4-2 illustrates the impact of assigning worst case values to multiple parameters
simultaneoudly. In thisfigure, worst case values were assigned simultaneously to all
demographic parameters (Section 3.2.1), all daughter process parameters (Section 3.2.2), and al
MBM production, feed production, and feed administration parameters (Section 3.2.3).

Assigning worst case values to all demographic parameters has a modest impact on the number of
additional infected cattle. The 75" percentile valueis 1 (Ry <1). At the 95" percentile, the
number of additional infected cattle (48) slightly exceeds the cutoff we have estimated as
corresponding to an Ry of 1. Setting all slaughter process parameters to their worst case value has
asimilar modest impact on the number of additional infected cattle. Again, only the 95"
percentile (43 additional infected cattle) corresponds to an R, value exceeding 1. Because the
feed and MBM parameters include the three parameters that had the greatest univariate impact on
the number of additional infected cattle (see Figure 4-1), it is not surprising that assigning worst
case valuesto al the parametersin this set has a substantially greater impact on the number of
additional infected cattle. Assigning worst case valuesto all of these parameters simultaneously

results in an R, value exceeding unity at the 75" percentile.

The three rightmost box and whisker plotsin Figure 4-2 illustrate the impact of assigning
worst case values to two groups of parameters simultaneously. Assigning worst case values to
the demographic parameters and to the daughter process parameters simultaneoudy (Sections
3.2.1 and 3.2.2) has only amodest impact on the predicted number of infected cattle.
Simultaneously assigning worst case values to the slaughter process and MBM production, feed
production, and feed practice parameters (Sections 3.2.2 and 3.2.3) has a somewhat more
pronounced impact. The largest impact results when worst case values are simultaneously
assigned to all the demographic parameters and to the MBM production, feed production, and
feed practice parameters (Section 3.2.1 and 3.2.3). The predicted BSE spread that resultsis so
large that the run time required to simulate this scenario made it impractica to generate 5,000
iterations. Instead, the resultsreflect atotal of 780 iterations. Asthe detailed results indicate (see
Section 2.5.5 in Appendix 3A), with these assumptions the spread of BSE is consistent with an Ry
value that exceeds unity with between 25% and 50% probability. Moreover, the degree to which

R, can exceed unity in these casesis substantial.

We did not simulate the scenario in which all parameters are simultaneously assigned

their worst-case values for three reasons. Firgt, the results described in the preceding paramgraph
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indicate that assigning worst case values to two of the three sets of parameters (demographic
assumptions and MBM production, feed production, and feed practice parameters) is sufficient to
change the predicted behavior of the agricultural system. Second, the extended run time (250
hours on a 3 GHz Windows-compatible PC) needed to generate 780 iterations for this scenario
makes testing an even more extreme scenario appear to impractical. Finally, the probability that
the worst case values are valid for all parameters seems to be remote.

4.2.2 Infectivity in Food Available for Human Consumption

Figures 4-3 and 4-4 illustrate the results for the univariate and multivariate sensitivity
analyses conducted for the estimated number of 1Dss in food available for human consumption.
Figure 4-3 shows that, as with the number of new infected cattle (Section 4.2.1), use of aworst
case assumption for any individual parameter has in most cases alimited impact on potential
human exposure to BSE-contaminated food. The only exceptions appear to be two of the
influential parameters identified in Section 4.1 (3.2.3.5 — Render mislabeling, and 3.2.3.6 —
Misfeeding) and the assumed number of 1Dses in the carcass of afull-blown BSE case (3.2.2.1a—
IDgos in carcass). In any case, total human exposure over the 20-year period of the simulation
remains limited no matter which parameter is assigned its worst case value. Even when the most
influential parameter (3.2.3.6 — misfeeding) is assigned its worst case value, the 95" percentile
exposureis 1,000 IDgps over 20 years. Lower percentile values were substantially less, with a

750 percentile of 110 IDs,s and amedian of 21 IDges.

Figure 4-4 illustrates the impact of assigning worst case values to groups of parameters
simultaneoudly. The results indicate that the demographic parameters (3.2.1) have alimited
impact on potential human exposure to BSE-contaminated food, but that collectively, both the
daughter process parameters (3.2.2) and the feed and MBM parameters (3.2.3) have amore
substantial impact. Interestingly, although the combination of the slaughter process group
parameters and feed and MBM parameters (3.2.2 and 3.2.3) increase the 5", 25", 50", and 75™
percentiles to the greatest extent (compared to the base case results), the combination of the
demographic parameters and feed and MBM parameters (3.2.1 and 3.2.3) increase the 95"

percentile, and consequently the arithmetic mean, to the greatest extent.

4.3  Alternative Sources of Infectivity

We evaluate three potential sources of BSE inthe U.S. Section 4.3.1 considers the

impact of assuming BSE can devel op spontaneously in cattle with an incidence rate that mirrors
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the age-specific incidence of CJD in humans. Section 4.3.2 considers the import of various
numbers of infected cattle (1, 5, 20, 50, 200, and 500) and the import of contaminated feed
(10,000 IDsgs). Finally, Section 4.3.3 considers the impact of assuming that scrapie can be
transmitted from sheep to cattle. In al of these cases we assume the conditions specified in the

base case hold.

43.1 SpontaneousBSE

For this scenario, the model predicts an average of 27 infected animals over a 20-year
period (95™ percentile value of 38). It is predicted that only 2.7 animals, on average, would reach
the clinical stage of the disease (95" percentile of 6). Virtually all animals that become infected
devel op the disease spontaneously, although maternal transmission and transmission caused by
contaminated protein both make a small contribution. The simulation predicts that a mean of 73
cattle oral IDss would be potentially available for human consumption (95" percentile val ue of
220).

These results suggest that if this hypothesisistrue, the disease is essentially endemic,
with one-to-two cases occurring each year. Current agricultural practices and regulations (the
feed ban) effectively check the spread of disease to other cattle but the disease cannot be
eliminated because of its sporadic occurrence. The very low number of animals developing

clinical signs would make detection using any method of surveillance very difficult.

4.3.2 Imports

Figures 4-5, 4-6, and 4-7 respectively illustrate the rel ationship between the number of
infected cattle imported and the number of new cases (i.e., the number of casesin addition to the
imported animals) during the 20 year period following the arrival in the U.S. of these imports,
potential human exposure to BSE during this period, and the probability that BSE will be present
inthe U.S. at the end of the 20-year period. In Figures 4-5 and 4-6, the medians are connected by
asolid line. Theresultsindicate that al three outcomes increase linearly as afunction of the
number of infected cattleintroduced. Most importantly, Figure 4-7 shows that even after the
introduction of 500 cattle, the probability that BSE is still present in the U.S. after 20 years has
dropped to approximately 10%. This finding suggests that the prevalence of BSE decreases over

time regardless of how large theintroductionis. That is, the value of Ry remains less than one.
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We note a so that following the introduction of contaminated feed containing 10,000
IDgos, the median simulation predictions are: atotal of 1,600 cattle infected over 20 years,
potential human exposure to approximately 4,300 cattle oral IDsgs, and that after 20 years, an
18% chance that BSE till remainsin the U.S. By comparing these results to the median
predictionsin Figures 4-5 and 4-6, and the probability predictionsin Figure 4-7, we can
characterize the impact of importing contaminated feed in terms of the number of infected cattle
that would have the same impact. Assuming the linear relationshipsin these figures hold at
higher levels, theimport of 10,000 IDs,s has the same impact on the spread of BSE (newly
infected cattle) asimporting 3,600 infected cattle. It has the same impact on human exposure as
importing 1,100 infected cattle. Finally, it hasthe same impact on the persistence of the disease
(i.e., probability that it is present in the U.S. after 20 years) asthe import of 820 infected cattle.

433 Scrapie

This simulation evaluates the impact of assuming that scrapie contributes one cattle oral
IDsg, to feed consumed by cattle each month. The simulation predicts that this contamination
resultsin an average of 38 infected cattle over a period of 20 years (95" percentile estimate of
64). The simulation also predicts that an average of about six animals would develop clinical
signs during that period (95" percentile of 12). Current surveillance would be unlikely to detect
this number of clinical cases. On average, the simulation predicts that approximately 100 cattle
oral |Dsys would be available for potential human exposure during the 20 y ear period (95"
percentile estimate of 290).

Because scrapieis assumed to contaminate cattle feed continually, the disease would
essentially be endemic. Note that the simulation predicts that most new cases of BSE would arise
directly from exposure to scrapie infectivity, although a small number of cases would result from
exposure to contaminated ruminant protein that dips through the feed ban. Maternal transmission

also makes a small contribution to the total.

We expect that the predictions made here are likely to overstate the true contribution of
scrapieto BSE, as explained in Section 3.3.3. In brief, it islikely that the true species barrier is
greater than the value of 1,000 used (efforts to transmit North American scrapie orally to cattle

have produced negative resultsin all instances), and the prevalence of scrapieinthe U.S. is
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probably less than the UK prevalence rates used in the calculation. Section 3.3 of Appendices 3A

and 3B detail the simulation results.

4.4 Alter native Scenarios

This section details the results of several simulations designed to investigate further
factors influencing spread of BSE infectivity. The first scenario described models the small BSE
outbreak in Switzerland to evaluate the plausibility of our model (section 4.4.1). Next we
examine the spontaneous hypothesis by looking at how spontaneous disease might have spread in
the years before the FDA feed ban was adopted (section 4.4.2). Section 4.4.3 examines how the
import of cattle from the UK during the 1980s may have affected the U.S. Thelast two sections
evaluate specific risk management strategies, including a specified risk material (SRM) ban
identical to that imposed in the UK (Section 4.4.4), and a prohibition on the rendering of animals
that die on the farm (Section 4.4.5).

441 Switzerland

Asdiscussed in Section 3.4.1, our model is not amenable to formal validation because
there have been no controlled experiments in which the consequences of BSE introduction into a
country have been monitored and measured. However, as atest of the modd’s plausibility, we
modeled the small BSE outbreak reported in Switzerland following the introduction of BSE
infectivity from the UK. Our simulation took into account risk management actions taken by the

Swiss during the ensuing period (e.g., the introduction of afeed ban regulation).

The model predicts both the total number of infected animals in Switzerland and the
incremental number that develop clinical signs of disease. Only animals with clinical signs could
be detected using the standard surveillance methods available early in the outbreak (although
current surveillance practices can detect disease in animals several months before development of
clinical signs). We therefore compare the monthly clinical case incidence predicted by the model
to the empirica clinica case incidence estimates reported by Doherr et al. (1999). Asillustrated
in Figure 4-8, the modeled incidence rate increases above zero around two years before the
empirical rate, peaks at about one-half the empirical rate, and declines to zero at around the same
time the empirical rate declinesto zero. The modeled cumulative incidence is approximately
60% the empirical cumulative incidence. If empirical counts reflect underreporting, the actual

incidence of clinical cases may exceed the modeled incidence by an even greater degree than the

- 106 -



3620
3621
3622
3623
3624
3625
3626
3627
3628
3629
3630
3631
3632
3633
3634
3635
3636
3637
3638
3639
3640
3641
3642
3643
3644
3645
3646

3647
3648
3649
3650
3651

Section 4

approximate factor of two suggested by Figure 4-8. Doherr et al. raise the possibility of
underreporting by as much as 75%. However, Doherr et al. suggest that these substantial
underreporting rates most likely apply to “cases late in incubation or with early clinical signs’
(p. 159). It istherefore plausible that the overall underreporting rate for clinical caseswould be

much lower.

Even without an adjustment for potential underreporting, the modeled estimates
described above understate the empirically reported case incidence rate. However, as described
in Section 3.4.1, these modeled values reflect an initial best-guess set of assumptions with no
adjustments made to try to match the empirical counts. Our results indicate that only modest
changes to the assumptions (Swiss Alternative 1 and Swiss Alternative 2) are needed to achieve
such a congruence. Given the level of uncertainty associated with the scenario-specific
assumptions, the resultsin Figure 4-9 indicate that the Alternative 1 assumptions produce results
that come reasonably close to matching the empirical counts. The Alternative 2 assumptions
produce results that come reasonably close to matching twice the empirical counts. Complete

simulation results appear in Section 4.1 of Appendices 3A and 3B.

Our model’ s modest underprediction of clinical cases could be due to incorrect
specification of the number of infected animals imported or the amount of contaminated feed
introduced, among other factors. At the same time, the similarity of our predictions and the
observations from Switzerland provide some confidence that the model’ s structure and approach
arereasonable. It isimportant to note that thisis not atrue validation and, in fact, the model’s
predictions could be close to reported observations for the “wrong reasons.” However, given the
absence of data suitable for validating the model, the results of the Switzerland scenario are

encouraging.

442 Spontaneous With no Feed Ban

To further investigate the spontaneous hypothesis, we modeled a scenario in which
spontaneous disease occurs using the rates described in Section 3.3.1, but no feed ban is present
to mitigate the recycling of infectivity in ruminant feed. The scenario, described in Section 3.4.2

was run for 20 years.
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The absence of afeed ban allows BSE infectivity to rapidly spread throughout the cattle
population. The mean projection for this scenario suggests 42,000 animals infected over the 20
year period (95" percentile of 190,000). The average number of clinical animals predicted is
1,500 (95" percentile of 6,600).

It should be noted that the simulation often predicts that the BSE prevalence rapidly
increases towards the end of the twenty year period (see Section 4.2 in Appendices 3A and 3B for
complete results). Thistendency suggeststhat if alonger time period were smulated, the model
would predict a much greater burden of disease. Hence, while some simulation runs predict
prevalence rates that are low enough to be compatible with the fact that BSE has not been
detected in the U.S,, the results suggests that even in these cases, the prevalence would climb
much higher if alonger period were smulated. That is, in the absence of afeed ban, the
prevalence would most likely reach a detectable level in any casein just over 20 years. The fact
that BSE was not detected in the U.S. prior to the implementation of the feed ban therefore
suggests that either spontaneous disease either does not occur, or that itsincidenceis less than we
have assumed. Alternately, the imposition of the feed ban may have stopped an epidemic before
it could reach detectable levels. In that case, the base case results suggest that the feed ban will

eliminate the disease shortly.

443 CattleImported from the UK in the 1980s

This scenario investigates the likelihood that BSE infectivity could have been introduced
into the U.S. by theimport of 173 cattle from the UK during the 1980s that may have
contaminated either human food or animal feed (see Section 3.4.3). We aso determine the
amount of infectivity that may have been introduced. Using these findings, we characterize the
likelihood that BSE could have been introduced into the U.S. and remained undetected.

As discussed in Section 3.4.3, some of the cattleimported into the U.S. from the UK
between 1980 and 1989 may have been infected with BSE without showing clinical signs of the
disease. Asaresult, diseased animals may have contaminated animal feed in this country. Figure
4-10 illustrates the cumulative distribution for the amount of infectivity (cattle oral I1DsgS) that
may have been in feed consumed by cattle in the U.S. (see methodology in Section 3.4.3 and in
Appendix 5). Thedistribution indicatesit islikely (probability of 82%) that U.S. cattle were
exposed to no infectivity from cattle imported from the UK. The probability that cattle were
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exposed to no more than 0.1 1Dxs is 84%, the probability that they were exposed to no more than
one IDsy is 86%, the probability that they were exposed to no more than five I Dss is 91%, the
probability that they were exposed to no more than ten 1Dss is 93%, and the probability that they

were exposed to no more than 50 IDsgs i's 96%.

To characterize the impact of introducing infectivity into the U.S. during the 1980s, we
have simulated the introduction of 0.1, 1.0, 5.0, 10.0, and 50.0 cattle oral 1Dggs into cattle feed in
1980, and followed the evolution of the U.S. cattle population through 2010. The results of these
simulations (see Section 4.3 in Appendices 3A and 3B) can be used to quantify the likely number
of clinical BSE cases that would have occurred and hence to assess the plausibility of these
scenarios in light of the fact that BSE has not been detected in the U.S. In particular,
introductions that result in too large a number of clinical cases to be compatible with the fact that
BSE has not been detected in the U.S. are not plausible.

Note that the distributions for the output quantities are highly skewed, indicating that
under most circumstances the infectivity did not spread widely but that occasionaly, there was a
combination of events leading to significant numbers of infected cattle. For example, when 0.1
cattle oral I1Dsg isintroduced into feed, more than 4,750 of the 5,000 ssmulation runs for this
scenario produced no new cases of disease. However, afew runs produced substantial numbers
of diseased animals. Hence the mean number of infected animals (over al 5,000 simulations) is
45, and the mean number of animalswith clinical signsisten. Introducing larger quantities of

infectivity also yields right-skewed results distributions.

The probability that BSE was introduced into the U.S. depends on two events — the
introduction of contaminated material from imported animals into domestic cattle feed
(probability of 18%), and the infection of exposed cattle and the subsequent spread of BSE to
other animals without the creation of so many cases that it would have been likely to have been
discovered by surveillance. Figure 4-11 illustrates for the year 2000 (year 20 of the ssimulation)
the predicted number of cattle with clinical signs following the introduction of 0.1, 1.0, 5.0, 10.0,
or 50.0 cattle oral 1Dss from the imported UK animalsinto feed administered to U.S. cattlein
1980. Also plotted isthe USDA’s estimate of the number of clinical cases surveillance would
have detected in the year 2000 with 95% probability based on the methods and level of
surveillance at the time (Bridges 2001; U.S. Department of Agriculture 2002). For example, the
curvein Figure 4-11 corresponding to the introduction of 10.0 IDsps indicates that there is an 82%
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chance that this introduction caused no new BSE casesin the U.S. and that it could have
resulted in a maximum of approximately 1,100 clinical casesin the year 2000. However, all
values exceeding the detection limit of 470 clinical casesin the year 2000 (i.e., above the
horizontal “detection limit” line) are implausible because no BSE has been detected in the U.S.
For the introduction of 10.0 IDsgs, thereis a 6% chance that the number of clinical casesin 2000
would have exceeded this limit (i.e., a 94% chance that this value would have been below the
detection limit). Hence, even if cattlein the U.S. did consume 10.0 IDgsin 1980, thereisonly a
12% chance (94% minus 82%) that it resulted in BSE cases that have not been found.

Corresponding probabilities can be computed for the other IDsg introductions considered.

Taken together, Figures 4-10 and 4-11 are useful for evaluating the likelihood that BSE
cattle imports from the UK during the 1980s introduced BSE into the U.S. but resulted in too few
cases for the disease to have been detected. First, there is only an 18% chance that cattlein the
U.S. were exposed to any infectivity (see Figure 4-10). Second, if cattle were exposed to
infectivity, thereisonly alimited probability that both 1) any cattle in the U.S. became infected,
and 2) the number of clinical cases (in the year 2000) was less than the number that would have
been likely to have been detected (see Figure 4-11).

Finally, the Figuresin Section 4.3 of Appendix 3B illustrate how the disease spreads and
contractsif it isintroduced into the U.S. The figures suggest that the number of animals with
detectable disease peaksin year 20 of the simulation (calendar year 2000) and declines thereafter.
This prediction indicates that even if infectivity has been introduced from UK cattle imported
before 1989, the disease rate has peaked and BSE will eventually be eradicated. The declinein
the predicted disease prevalence in the U.S. is due primarily to the introduction of the FDA feed
ban in 1997.

444 Specified Risk Material Ban

Many countries with BSE have prohibited the use of certain tissuesin either animal feed

or human food. These specified risk material (SRM) bans focus on tissues carrying the greatest

" Figure 4-9 illustrates the number of clinical cases in the year 2000, not the total number of BSE cases
caused by the import of BSE-infected cattle from the UK. However, the scenario simulated assumes that
action to mitigate the spread of BSE in the U.S. occurs only after implementation of the feed ban in 1997.
Hence, as suggested by the figuresin Section 4.3 of Appendix 3B, the number of clinical animals peaks
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amount of BSE infectivity. To evaluate how such a ban would influence the spread of BSE in the

U.S., we altered the base case scenario as described in section 3.4.4 to mimic the UK SRM ban.

The SRM ban has a dramatic effect on both potential human exposure and the spread of
BSE among cattle. Following the introduction of 10 infected cattle, asin the base case, the mean
number of new BSE casesis reduced by nearly 90% (from 4.3 to 0.53) and the mean number of
cattle oral 1Dsps potentialy available for human exposure decreases by 95% (from 39 to 1.8).

Results for this scenario appear in Section 4.4 of Appendices 3A and 3B.

445 Prohibition on Rendering Animalsthat Die on the Farm

The results for the base case simulation (section 4.1 and Section 1 in Appendices 3A and
3B) clearly indicate that if BSE isintroduced into the U.S,, the greatest potential source feed
contamination is animals that die prior to being sent to slaughter (animals that die on the farm)
and are rendered. The simulationsin this report assume that an animal lives for between two and
six months following the development of clinical signs. Rendering an animal that has reached the
clinical stage of disease introduces the maximum amount of infectivity into rendering and
potentially into feed. Hence, asingle breach of the feed ban can introduce expose cattleto a
substantial amount of BSE infectivity.

The simulation results indicate that banning the rendering of animalsthat die on the farm
would substantially reduce the spread of BSE to other cattle following introduction of ten infected
cattle. Compared to the base case, the mean number of new cases decreases by more than 80%
(from 4.3t0 0.77). Although this approach targets the spread of BSE to other animals, it aso
influences potential human exposure to BSE infectivity, decreasing this quantity by more than
20% because it decreases the number of new BSE cases. Complete results appear in Section 4.5
of Appendices 3A and 3B.

45  Summary

This report addresses the potential for BSE to become amajor animal health problem or

substantially contaminate the human food supply in the U.S. The results characterize the

around the year 2000. Asaresult, if there are zero clinical animalsin the year 2000, it is almost certain that
few if any animals were infected in the U.S.
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robustness of regulations and practicesin the U.S., and help to identify data or research that
would most increase confidence in our predictions. In addition, the results help to characterize
the potential impact that various sources of BSE may have had in the U.S. in the past, including
cattle imported from the UK in the 1980s. Finally, the simulation can be used to characterize the

effectiveness of additiona risk management strategies.

We recognize that the identification of asingle case of BSE in the U.S. would have
important ramifications for public opinion, trade, and other areas. Y et this analysis demonstrates
that even if BSE were somehow to arisein the U.S., few additional animals would become
infected, little infectivity would be available for potential human exposure, and the disease would
be eradicated. In short, the U.S. appears very resistant to a BSE challenge, primarily because of
the FDA feed ban, which greatly reduces the chance that an infected animal would infect other
animals. However, the effectiveness of the feed ban is somewhat uncertain because compliance

rates are not precisely known.

Potential sources of human exposure to BSE infectivity can be divided into two
categories. specific high-risk tissues and contamination of low-risk tissues. Although not widely
popular in the U.S., both brain and spinal cord are consumed by some members of the population.
If BSE were present in the U.S., these tissues would be an obvious source of exposure. Our
analysisindicates that the most important means by which low risk tissue can become
contaminated is the use of advanced meat recovery (AMR) technology, which can leave spind
cord or dorsal root ganglia (DRG) in the recovered meat. Our analysis further indicates that mis-
splitting of the spinal column and the resulting incompl ete removal of the spinal cord islargely
responsible for contamination of AMR meat. In addition, we assume that even in the absence of
mis-splitting, some amount of DRG is extracted whenever vertabrae are processed by AMR.
Contamination due to aerosolization of the spinal cord during splitting contributes substantially

less contamination even though it occurs every time an infected animal is processed.

Despite the potential for the consumption of high risk-tissues and the contamination of
low-risk tissues, our resultsindicate that only small amounts of infectivity are available for
human consumption. The import of one infected animal yields an average of 3.7 cattle oral 1DsS
for potential human exposure over a 20 year period, while the import of ten infected cattle results
in an average of 39 cattle oral IDges this period. These results can be put into context by

comparing them to potential human exposure in the UK whereiit is estimated almost one million
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cattle were infected over a 15 to 20 year period. If the UK population was potentially exposed to
only one cattle ora 1Ds, from each of these animals, potential human exposure in the UK would
dwarf our projections for the U.S. At thistime, just over 100 cases of variant Creutzfeldt-Jakob
disease (the human TSE linked to BSE) have been identified in the UK, although projections
range from a few hundred to tens of thousands of eventua cases. If cattle oral IDsgsavailable for
human consumption is agood indicator of possible diseaserisk, it is unlikely the UK experience
would be duplicated in the U.S.

There are a number of model assumptions that cannot be verified with confidence, some
of which substantially influence the conclusions drawn. With regard to estimating the spread of
BSE among cattle, the most influential sources of uncertainty are related to compliance with the
FDA feed ban. Within this category, the most important source of uncertainty is the misfeeding
rate on farms. Misfeeding prohibited feed (containing ruminant protein) to cattle on farms that
raise both cattle and either pigs or chickens completely compromises the feed ban. This practice
isthe focus of efforts to understand how animals born after the implementation of feed bansin
Europe have become infected with BSE. Uncertainty with respect to compliance rates can be
reduced with field work and data collection. A second source of uncertainty associated with the
feed ban is the proportion of feed produced that is midabeled (i.e., lacks the proper labels
identifying it as feed not to be administered to ruminants). Finally, assumptions regarding the
prevalence of alternative rendering technologies used (and hence the degree to which rendering
may reduce the level of infectivity in tissue processed to produce MBM) aso influence the
predicted spread of BSE.

Improving estimates of compliance with the feed ban would a so improve the precision of
our estimates of potential human exposure to BSE-contaminated meat. The assumed number of
IDgos per clinical case of BSE also has a notable impact on predicted potential human exposure to
BSE.

We have identified three important ways in which BSE could be introduced into the U.S:
1) cross-species transmission from a native TSE like sheep scrapie, 2) spontaneous devel opment
of the disease in native animals, or 3) the import of an infected animal or animal product from a
country with BSE. The analysis suggests that either cross-species transmission of a TSE (scrapie)
or spontaneous disease, if they can occur, would cause only afew cases of BSE each year and

would result in relatively little potential human exposure. However, results from our evaluation
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of the impact of spontaneous BSE on the U.S. prior to the 1997 FDA feed ban casts doubt on the
plausibility of this potential source of BSE. In particular, our results suggest thereis a substantial
probability that the number of animals with clinical signswould be sufficiently high to be
inconsistent with the fact that surveillance has failed to detect BSE in the U.S. At the same time,
the simulation results indicate that there is a non-trivial probability that spontaneous BSE would

generate an insufficient number of animals to be detected by surveillance.

Although it is not possible to know if an infected animal was imported from the UK in
the 1980s, our analysis suggestsit is highly unlikely. First, the imported animals whose
disposition is not known came from farms where the disease was not found in any animal born
during the same year. Second, the beef breeding animals imported had little exposure to
potentially infected protein supplements whilein the UK. Finaly, many of the animals are
known to have lived beyond the average incubation period once they arrived in the US.
Nonetheless, there is some small probability that at least one of these animals was infected and
that infectivity from such an animal contaminated feed consumed by cattle in the U.S. Exposure
to infectivity among U.S. cattle could not have been substantial because in the years prior to the
1997 FDA feed ban, such exposure would have eventually resulted in a substantial number of
clinical cases, aprediction that isinconsistent with the fact that BSE has not been identified in the
U.S. to date. Thereistherefore asmall chance that BSE could have been introduced into the U.S.
and remained undetected. Even if BSE was introduced, actions by USDA and FDA have already
arrested the spread of the disease and have begun to reduce its prevalence. If BSE ispresent in
the U.S,, these actions will ultimately lead to the disease’ s eradication.

Evaluation of potential risk management actions highlights an additional benefit of this
type of analysis. Theinsights provided by the model demonstrate that interventions very early in
the rendering and feed production process can avoid the need for other, more obvious, measures.
Specifically, removing most of the infectivity from rendered product can protect human and
animal health even if the feed ban is not 100% effective. Both disposing of al specified risk
materials and prohibiting the rendering of animals that die prior to being sent to slaughter,
i.e.,animalsthat may have died of BSE and hence have high levels of infectivity, reduce potential
new cases of BSE by more than 80%. The misfeeding rate, a key parameter identified in our
sengitivity analysis, is not important if theinfectivity in prohibited MBM is greatly reduced or
eliminated. The SRM ban also reduces substantially the amount of infectivity available for

potential human exposure. Of course, it must be recognized that even in the absence of these
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measures, animal health risks and human exposure are both small, with the import of ten infected
cattle leading to an average of fewer than five new cases of BSE and potential human exposure to
39 cattle oral 1Dggs.

Aswe strive to learn more about BSE and limit the extent of the disease, the model
developed for this analysis has many potentia uses. It isflexible and can be changed easily. For
example, if appropriate data are available, its parameters can be modified so that other countries
or regions can be simulated. Specific scenarios of interest can be evaluated, including risk
management actions under consideration. The model can also be used to evaluate hypotheses
about sources and factors influencing the BSE' s spread. We hope this model will find a place

among the useful tools for understanding and controlling BSE.
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Glossary

AMR (Advanced Meat Recovery) —FSIS (U.S. Department of Agriculture (FSIS) 2002) states
that “ AMR systems remove the attached skel etal muscle and edibl e tissues from car casses without
breaking or crushing bones. This machinery separates meat by scraping, shaving or pressing the
muscle and edible tissue away from the bone. However, unlike traditional mechanical separation,
AMR machinery cannot break, grind, crush or pulverize bones to separate muscle tissue. Bones
must emerge essentially intact and in natural physical conformation.”

APHIS (Animal Plant Health Inspection Services) — APHIS is an agency that is part of the
U.S. Department of Agriculture.

BSE (Bovine Spongiform Encephalopathy) — BSE isa dowly progressive and fatal prion
disease of adult cattle. The diseaseis characterized for spongy changesin the brain and along
incubation period.

BSE Inquiry - Inquiry established by the UK Prime Minister to investigate the emergence and
identification of Bovine Spongiform Encephal opathy (BSE) and variant Creutzfeldt Jakob
Disease (vCJID) as well as the government response. The Inquiry was established on March 20,
1996.

Bypass protein — Bypass protein is the feed protein that escapes digestion in the rumen and
passes into the lower digestive tract where is digested and absorbed. Bypass proteins are
important proteinsin the nutrition of dairy animals.

CJD (Creutzfeldt-Jakob Disease) — CJD isafatal prion disease that has been known for many
years to affect human. It can be transmitted as the result of consuming contaminated tissue (as
part of canabilistic rituals) or when contaminated tissue isused in surgical procedures.

CNS (Central Nervous System) — The CNS consists of nervous tissue that includes brain and
spinal cord.

Codon — A series of 3 successive nucleotidesin nucleic acid that specifies a particular amino acid
or signal sequencein aprotein.

CWD (Chronic Wasting Disease) — CWD is a prion disease that affects white tail deer, mule
deer and elk. The disease has been found only in North America.

Distal [leum — The dista ileum is the lower portion of the small intestine.

Downer Cattle— See “non-ambulatory cattle.”

DRG (Dorsal Root Ganglia) — DRG are the nervous tissue that are located within the bones of
the vertebral column. DRG contain nerve cells that transfer sensory signals from parts of the

body to the spinal cord.

FDA —U.S. Food and Drug Administration

FFI (Fatal Familial Insomnia) — FFl isarare human familial prion disease.
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FSE (Feline Spongiform Encephalopathy) — FSE is a prion disease that affects cats. Exposure
to the BSE agent is the most likely explanation for the emergence of the disease.

FSIS (Food Safety and I nspection Service) — FSISis an agency that is part of the U.S.
Department of Agriculture.

Genotype — Genetic constitution of an individual organism. In particular, thisterm refersto the
specific chromosomal alleles that determine specific traits.

GSS (Gerstmann-Strausser-Scheinker) — GSSisarare familia prion disease that affects
humans.

HCRA —Harvard Center for Risk Analysis.

Heter ozygous— This term refers to organisms that have two different alleles of the same gene.
Histopathology — The study of microscopic changes in diseased tissues.

Homozygous— Thisterm refers to individuals that have two identical aleles of the same gene.

Horizontal transmission — Transmission within a population other than by genetic or maternal
means.

i.c. (intracer ebral) inoculation — Injection into the brain

I D5y (Infectious Dose 50) — An 1Dx is the amount of infectious material (e.g., infective bovine
brain) that when consumed resultsin disease infection with 50% probability. The amount of
material that constitutes one D5, depends on the route of exposure (e.g., oral administration or
intracerebral inoculation).

Immune response — This response is the action taken by the body to minimize the damage
resulting from the presence of aforeign agent in the body.

Immunohistochemistry — Techniques for staining cells or tissues using labeled antibodies
against specific proteins.

Incubation period — The period between infection and clinical manifestation of the disease.

Infectivity — Infectivity isageneral term referring to the agent that is capable of passing on
disease.

i.p. (intraperitonal) inoculation — Injection into the abdominal cavity.
Kuru —Kuruisarare human prion disease found in the Fore population of Papua, New Guinea.
Mad-Cow Disease — The colloquia name for bovine spongiform encephal opathy.

MAFF (The UK Ministry of Agriculture, Fisheriesand Food) — MAFF has been renamed the
Department of Environment Food and Rural Affairs (DEFRA).
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M ater nal Transmission — Transmission from dam to offspring in utero (during pregnancy) or
during the intermediate post partum period

MBM (M eat-and-bone meal) — MBM is a dried homogenized material produced by rendering
animal tissues. MBM is used as a protein source in the production of animal feed.

MRM (M echanically Recovered Meat) — MRM isdefined as*“...residual material, off bones,
obtained by machines operating on auger, hydraulic or other pressure principlesin such a
manner that the cellular structure of the material is broken down sufficiently for it to flow in
puree form from the bone” (BSE Inquiry 2000b).

Non-ambulatory cattle — Non-ambulatory cattle include animals that are unableto rise. This
condition is common and usually affects animals around parturition. It can also result from a
variety of causes, including neurological disease.

Non Prohibited Feed — Non-prohibited feed does not contain proteins derived from ruminants
and/or mink and can therefore be legally administered to ruminants.

Non Prohibited MBM — Non-prohibited meat and bone meal does not contain proteins derived
from ruminants and/or mink and hence can legally be used in the preparation of ruminant feed.

OIE (Office Inter national des Epizooties) — OIE determines animal health standards for
internationa trade, advises the veterinary servicesin member countries and aims to work towards
the eradication of the most dangerous animal and zoonotic diseases. As of May, 2003, 164
countries belonged to the OIE.

Pathogenesis— This term refers to the process by which disease develops in an organism.
Pre-clinical — Refersto the disease stage prior to the manifestation of clinical signs or symptoms.

Prion Disease — Prion diseases are a family of fatal brain diseases that occur in a number of
mammals including humans. These diseases are also known as Transmissible Spongiform
Encephalopathies (TSE's). Prion diseases are caused by the build-up of abnormal proteinsin the
central nervous system.

Prohibited Feed — Prohibited feed contains ruminant protein or mink protein and therefore
cannot be legally used to produce feed for ruminants.

Prohibited MBM — Prohibited meat and bone meal contains ruminant protein or mink protein
and therefore cannot be legally used to produce feed for ruminants.

PrP (Prion Proteins) — Prions are proteins that occur naturally in animals and humans. Research
suggeststhat if aprionisfolded incorrectly and hence has an abnormal shape, it can induce
disease. Moreover, when mis-shaped proteins come into contact with normal proteins, they can
“recruit” the normal proteins, causing them to become mis-shaped. Some scientists believe that if
this process progesses sufficiently, prions can damage the brain, causing it to become spongy and
filled with holes. This phenomenon gives rise to the scientific name for mad cow disease (bovine
spongiform encephal opathy).

PrPC®, PrP*" — The normally folded form of PrP.
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PrPgene — Gene found in mammals that determines the amino acid sequence for the PrP° protein.
PrP%, PrP?* — The abnormally folded disease-specific isoform of PrP.

Rendering — Rendering is processing of offal and discarded parts of animal carcasses to produce
two products: meat and bone meal (MBM) and tallow. The rendering process consists of drying,

cooking, and separating the solid fraction (protein meals) form the melted liquid fraction (tallow).

Ruminant — Animal that chewsthe cud (partially digested food) regurgitated from its rumen, and
has a stomach with four compartments.

Scrapie — Scrapie is a prion disease that affects sheep and goats.

SEAC (Spongiform Encephalopathy Advisory Committee) — Established in UK to advise the
government on matters related to TSES (prion diseases).

Spinal Cord — The part of the nervous system that runs through the spine or vertebral column.

SRM (Specified Risk Material) — Tissuesin in cattle, sheep and goats such as brain tissue and
spinal cord, that are most likely to contain the BSE infective agent.

SSC (Scientific Steering Committee) — Established in the European Community to advise its
members on matters related to TSE' s (prion diseases) and other zoonoses.

Tallow — The fat produced by the rendering process.

TME (Transmissible Mink Encephalopathy) — TME is a prion disease that affects mink. The
disease has been found severa countries.

TSEs (Transmissible Spongiform Encephalopathies) — See prion disease.
USDA — United States Department of Agriculture

vCJD (variant Creutzfeldt-Jakob Disease) — vCJD is the name of the human prion disease that
is thought to be caused by consumption of BSE-contaminated meat.

Vertebral Column — The supporting line of bones that make up the spine and house the spinal
cord.

Vertical Transmission — Transmission of disease from parent to the offspring. See aso maternal
transmission.

Western Blot — A method use for detecting proteins, including diseased PrP. This method can be
used to diagnose TSEs.

WHO —World Health Organization.

Zoonosis - Animal diseases that can be transmitted to humans.
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