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1 Introduction 


At the request of the U.S. Department of Agriculture, RTI asked 
three experts to review the Bovine Spongiform Encephalopathy 
(BSE) risk assessment conducted by the Harvard Center for Risk 
Analysis, Harvard School of Public Health, and the Center for 
Computational Epidemiology, College of Veterinary Medicine, 
Tuskegee University (H-T BSE study).

 1.1 REVIEWERS 
RTI recruited two European reviewers who are experts on different 
aspects of BSE, one U.S. reviewer who is an expert in U.S. beef 
cattle production and processing systems, and a team of two U.S. 
reviewers who are experts in risk assessment methods and 
modeling.  We contracted with the experts to perform the reviews, 
sent them the H-T BSE study and model, and provided the experts 
with guidelines for conducting the reviews.   

The reviewers’ training and experience represent several areas of 
expertise relevant to the BSE risk assessment model.  Their full 
biographies and resumes are included in Appendix A of this 
document. Below, we present brief biographical sketches of the 
reviewers’ relevant experience: 

Z Dr. H. Christopher Frey is an associate professor at North 
Carolina State University, Raleigh.  He specializes in 
uncertainty and variability analysis, exposure and risk 
assessment, process modeling, air pollution characterization, 
and other related fields.  He is developing methods for 
sensitivity analysis of food safety risk models.  He has been 
involved in numerous risk assessment modeling exercises. 
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Dr. Frey’s contributions have been recognized by national 
awards, including a Faculty Early Career Development grant 
from the National Science Foundation in 1997, and the 
1999 Chaucey Staff Award from the Society for Risk 
Analysis. 

Z John C. Galland has a Ph.D. in ecology from the University 
of California-Davis and is a full professor in the Departments 
of Clinical Sciences and Diagnostic Medicine/Pathobiology, 
College of Veterinary Medicine at Kansas State University. 
He is co-coordinator of Public Health and Epidemiology 
courses in the professional curriculum.  He has worked with a 
number of animal diseases, modeled distribution and 
movement of large animal groups, and has done extensive 
research on E. coli. At Kansas State, Dr. Galland created a 
microbiology laboratory to conduct research under the Good 
Laboratory Practices (GLP) Act to undertake government and 
industry contract work. From 1994 to 2000 he was 
Corporate President of Animal Health Systems, Inc., a 
software development company specializing in custom large 
database applications, voice recognition, and electronic 
identification systems. 

Z Dr. Zheng Junyu is a post-doctoral associate who works with 
Dr. H.C. Frey.  His research involves uncertainty and 
variability analysis and air pollution.  Dr. Junyu is also 
experienced in risk assessments and developing computer 
models using C++. Dr. H.C. Frey and Dr. Junyu were the 
reviewers for the modeling aspects of the BSE risk 
assessment (henceforth, they are referred to as the “NCSU 
Team”). 

Z Dr. Bram E. C. Schreuder is a senior scientist at the DLO-
Institute for Animal Science and Health (ID-Lelystad), 
Department of Statutory Tasks, in the Netherlands.  He is a 
trained veterinarian, specializing in small ruminant diseases, 
and is specifically involved in BSE and scrapie research. In 
1990, he became project coordinator of the 
multidisciplinary BSE/scrapie research project of the ID­
DLO. He received his Ph.D. in 1998; his thesis studied the 
epidemiological aspects of scrapie and BSE, including a risk 
assessment study. 

Z Dr. John William Wilesmith is a visiting professor in the 
Department of Infectious and Tropical Diseases, London 
School of Hygiene and Tropical Medicine, University of 
London; and Veterinary Head, Epidemiology Team, State 
Veterinary Services, Department for Environment, Food and 
Rural Affairs.  Since 1987, his research efforts have 
concentrated on BSE in cattle and other TSEs in animals and 
man and foodborne zoonotic infections.  This work has 
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Section 1—Introduction 

involved developing effective collaborations with colleagues 
involved in the medical epidemiological aspects of the 
diseases, and until 2000 he was the Veterinary Laboratories 
Agency’s TSE R&D and Surveillance Programme Manager. 

This report is a compilation of the reviewers’ comments.  The 
opinions expressed in this report do not necessarily represent 
RTI’s views on the H-T BSE study report. 

1.2 EVALUATION CRITERIA 
RTI asked the reviewers to respond to the following set of evaluation 
criteria to facilitate the organization and presentation of their 
comments: 

1.	 Identification of data and critical evaluation of evidence. 
a.	 Have all key studies and data been identified? 
b.	 Have the data been correctly interpreted and emphasized?  
c.	 Please address the validity and appropriateness of all input 

data used in the model. 

2.	 Overarching logical structure of the risk assessment. 

3.	 Biological plausibility of the assumptions. 

4.	 Are the mechanics of the model consistent with known biology? 

5.	 Appropriateness of modeling techniques (model mathematics 
and equations). 

6.	 Have the risks been appropriately characterized? 

7.	 Does the risk assessment identify and characterize the following: 
a.	 Key sources of variability and uncertainty 
b.	 Critical assumptions 
c.	 Important data gaps 

8.	 Usefulness of the results for risk management. 

9.	 User friendliness of the model: Is the model documentation 
adequate to allow individuals to conduct “what if” calculations? 

In Section 2, we first present the reviewers’ general comments on 
the study.  Then, in Sections 3 through 12, we present the 
reviewers’ more specific comments, which are grouped according 
to the evaluation criteria described above to facilitate the 
understanding of the comments: 
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Z Section 3:  the identification of data and critical evaluation 
of evidence (i.e., identification of all key studies and data, 
correct interpretation of the data and emphasis, and validity 
and appropriateness of the data); 

Z Section 4:  the logical structure of the risk assessment; 

Z Section 5:  biological plausibility of the assumptions; 

Z Section 6:  consistency of model mechanics with known 
biology; 

Z Section 7:  appropriateness of modeling techniques;  

Z Section 8:  appropriate characterization of the risks; 

Z Section 9:  identification and characterization of key sources 
of variability and uncertainty, critical assumptions, and 
important data gaps; 

Z Section 10:  usefulness of the risk assessment; 

Z Section 11:  user friendliness of the model; and 

Z Section 12:  editorial comments. 

In these sections, reviewers’ names are provided at the end of their 
comments. 

For some of the criteria, the reviewers provided detailed comments 
and, in some cases, alternative ways or solutions to address the 
issue. Sometimes, reviewers provided their comments as questions 
or expressed doubts about particular issues.  For most of the 
comments, we include information such as page number, paragraph 
number, and section to facilitate locating the relevant section in the 
H-T BSE study report. However, a few general issues appear 
throughout this report and, in these cases, we do not provide the 
exact section of the H-T BSE study. 

Many reviewers’ comments do not fit exclusively under one specific 
evaluation criterion; a number of comments may be relevant to 
several criteria. Therefore, to maintain the report’s structure and 
continuity, we repeat a few of these comments under the 
appropriate evaluation categories.  Wherever applicable, we 
provide references for related comments. 

Although this report is largely self-standing, it does not always 
include adequate background information from the H-T BSE study. 
Therefore, it should be read in conjunction with the H-T BSE study 
text. 
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2 General Comments


This section provides the reviewers’ general comments on the 
following topics: 

Z strengths of the model, 


Z weaknesses of the model,


Z clarity of the model structure, 


Z complexity and level of detail, 


Z omission of exposure routes,


Z presentation of model outputs,


Z basic aspects of BSE, and


Z treatment of literature and expert knowledge. 


2.1 OVERALL STRENGTHS OF THE MODEL 
1) The authors have done a commendable job in constructing a 
simulation model for assessing the risk of introduction and spread of 
BSE in the U.S. They have considered the size and population 
dynamics of the United States cattle population, sources of 
infection, and practices that logically may increase risk of 
contamination or spread at slaughter, rendering, and feed 
establishments.  A major strength of the model is that it is heuristic. 
That is, it specifies at least some initial factors that logically should 
affect risk and places them in a structure that allows their 
importance to be assessed.  Formally defining parameter values and 
specifying the assumptions of the model also allow for discussion. 
Development of the model has highlighted knowledge gaps. 
Another strength of the model is that it predicts that BSE risk in the 
U.S. is low, which to date is confirmed by observation.  In 
validating the model, the authors found that it also was able to 
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predict other observations.  The authors do a good job in depicting 
the results of the simulations as histograms of the probability that 
the result exceeds zero. 

2) In general, the study gives a thorough overview of the many 
possible infection routes of both cattle and humans for BSE. The 
various risks are all analyzed separately at first, and then later 
combined in a simulation model that calculates the overall BE risk. 
The authors have made a commendable effort to gather the 
available information on the topic, and put all that together into one 
major risk assessment study for BSE, focusing on the USA, but 
apparently also suitable for other countries, as shown in the “model 
validation” to the Swiss data.  Resulting is a very good overview of 
the US methods to handle BSE to prevent recycling of infectivity to 
cattle, and to safeguard human food against infections. From our 
(European) point of view it is clear that the US has been very lucky 
to have a very low import risk, otherwise, they would have had the 
same BSE problem as most EU countries are presently facing. 

2.2 OVERALL WEAKNESSES OF THE MODEL 
1) To the extent that the model identifies factors that might 
affect risk, the model has utility in a heuristic sense. However, the 
lack of data to support the assumptions, but more importantly, the 
lack of data on other factors that could have a greater effect on risk, 
limits the predictive value of the model.  After all, the outbreak in 
Great Britain was because of an unforeseen event—a change in the 
rendering process that resulted in a prolonged period of exposure to 
many animals.  Because of the long incubation period of the 
disease, the impact of this change was not detected for years 
following the change in rendering practices.  The model should 
explore the effects of such events. 

The authors state that the U.S. Department of Agriculture asked 
them to evaluate, should BSE arise in this country, the robustness of 
U.S. measures to prevent the spread of BSE among animals and 
between animals and humans (page i).  Therefore, the deliverable to 
USDA requires that the contractor begin with the given that an 
introduction has occurred.  People (animal), place, and time factors, 
such as the source of infection, the level of infectivity introduced, 
the location or locations of introduction, temporal aspects of the 
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Section 2 — General Comments 

introduction, and factors of the feed distribution system that would 
spread contamination after an introduction, should be considered. 

A model is relevant if it leads or might lead to a different conclusion 
or reaffirms a previous conclusion.  This model tells us no more 
than our current experience tells us.  The nature of the disease and 
the means of infection tell us that the risk is low, so why is a model 
needed? No BSE has been detected in the U.S. currently, nor is it 
likely to occur given existing practices, so it is not surprising that 
results of the simulations reveal that the risk is low, especially when 
the assumptions are based on events that occur with low frequency 
and low volumes of “infectivity.” 

2.3 CLARITY OF MODEL STRUCTURE 
1) The authors have failed to present the structure of the model 
in sufficient detail for a thorough critical review.  Each parameter of 
the model has been defined and the values assigned to each 
justified according to what little data exist and logic, but the 
mathematical relationships among the parameters that led to the 
results are not described well in the report.  The authors should 
describe how the model parameters relate to each other and the 
evidence that the parameters relate to each other that way in reality. 

It was difficult to understand the structure of the model from the 
information provided in the report.  Perhaps, if the reader examined 
the computer code and had sufficient time, he could understand the 
model’s structure; however, a better approach would be to make the 
structure of the model clear in the documentation. 

2) The authors chose a simulation model, which results in a 
black box model that cannot be checked for programming errors.  
The huge number of parameters included to make the analysis really 
thorough and detailed also leads to a method that is difficult to 
assess afterward.  The modeling should be more transparent 
because users may inadvertently make changes that can result from 
the inability to see every detail of the programming.  The input 
variables are carefully stated separately and can therefore be 
checked. 
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2.4 COMPLEXITY AND THE LEVEL OF DETAILS 
1) The model probably is too complex for the data that are 
available and for the purposes intended. Would a more 
parsimonious model be as predictive? Given that most of the 
parameters are close to zero, the model will be extremely sensitive 
to parameter values and the structure of the model.  For instance, 
the number of cattle infected in the base case following import of 
10 infected animals is seven in a population of more than 130 
million animals. How sensitive is this value to the assumptions of 
the model and structure of the model?  The level of detail among 
the components of the model is highly variable and the authors do 
not discuss how this affects the model results. For instance, what 
effect would reducing the number of age categories have on the 
results?  Or what effect would varying the accuracy (decimal places) 
of blood meal consumption have on the results? 

The authors include an age-specific death rate for the cattle 
population component of the model.  This level of detail probably is 
irrelevant.  The authors themselves state that the U.S. cattle 
population data are not broken down in sufficient detail and are 
inconsistent among those who report such statistics, and that “…the 
rate at which BSE spreads does not in general depend on this 
statistic [the U.S. cattle population]” (Page 48, Section 3.1.1.1, Para. 
2).  Except, perhaps, in the most rudimental way, why incorporate a 
population dynamics component into the model? 

The authors state (Page 50, Section 3.1.1.4, first line) that there is no 
direct evidence of BSE transmission from cow to calf, so should it be 
included? 

Sensitivity analysis can be useful in addressing some of the above 
questions. Although the authors report the results of sensitivity 
analyses, the parameters are considered one at a time so the effect 
of interactions (synergistic effects) among the parameters cannot be 
assessed.  Evaluating the presumed extreme values (best and worst 
cases) does not allow exploration of the entire range of possibilities 
(a response surface analysis).  Allowing a greater range of variability 
would provide a better understanding of the behavior of the model 
and its stability.  The authors did not rank the factors by their effect 
on the results.  They did not report if the sensitivity analyses 
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revealed any factors that would drive the system or that would 
cause the model to “blow up.” 

The authors state that they take into account age, type, and gender 
(e.g., Page 48, Para. 3, first line), but in evaluating susceptibility and 
natural death only age is considered.  Also, the probability of birth 
is constant (one birth per year = 0.0833 monthly probability) 
unaffected by age, type, or gender (Appendix 1, Page 9).  Thus, it 
appears that age, type, and gender really only affect initial 
population size in the model.  The authors claim several times (e.g., 
Page 49, second line) that population size “…has a very limited 
impact on the simulation results…,” so why include it in the model, 
especially with the amount of detail they have incorporated to 
calculate estimations? 

2.5 OMISSION OF EXPOSURE ROUTES 
The authors have insufficiently specified or omitted parameters that 
may be more likely to affect BSE infection. 

1) Spatial considerations are not considered in the model.  The 
model does not consider the distribution system for feed.  If 
contamination occurred in a specific area, how widespread would it 
become?  

2) Perhaps because the model was constructed before the 
events of September 11, 2001, the model does not include the 
possibility of an intentional introduction of BSE into the U.S.  The 
model includes scenarios that are highly unlikely to occur, and if 
they did occur, they would be mitigated by existing production and 
processing practices.  The model ignores the more likely scenario of 
an unexpected introduction, such as bioterrorism or a breakdown or 
alteration of practices that destroy prions or the spread of prions. 
The change in rendering practices that was largely responsible for 
the Great Britain outbreak was an unexpected scenario.  If the 
authors began with the assumption that the “experimental unit” is 
the prion (“infectivity”) and not an infected animal, then scenarios 
that test the effectiveness of practices that destroy prions and spread 
of prions could be evaluated.  

3) It is generally accepted that the highest risk for BSE is from 
(1) import of live cattle or MBM from a country with BSE, (2) an 

2-5 



Review of the Evaluation of the Potential for Bovine Spongiform Encephalopathy in the United States — Final Report 

internal processing system that is incapable of reducing infectivity 
below a certain threshold level (mainly the rendering system), or (3) 
exposure of ruminants to the end products of (2), be it purposely or 
accidental, by cross contamination. 

Although it is commendable that all possible routes and potential 
risks are addressed, the emphasis could have been placed more on 
the above limited number of priority routes, instead of dwelling into 
sometimes highly theoretical routes. In other words, some of the 
reported unlikely infection routes are easily dismissed by the model 
with a simple statement, whereas others are investigated to a 
surprisingly deep level. 

The study concerned lists as three main routes, also the scrapie 
transmission and the spontaneous BSE case, at the same level of 
ranking as the above listed priority routes. 

Just one example of this inconsistency with what we consider major 
risks: It has not been addressed what happens in Mexico in terms of 
MBM exposure, whereas it is stated that from 750,000 up to 2.5 
millions of animals are imported annually (p. 22) from Mexico (and 
Canada). More or less only a conclusion is presented “that it is 
extremely unlikely that these animals pose a risk of introducing BSE 
in the USA”.  Maybe they don’t pose any risk, but what if they had 
been fed contaminated starter ratios as calves in Mexico? Even if 
they would not live until patent clinical stages, they could introduce 
infectivity into the system, which is, as we concluded in the SSC, in 
the case of the US, not very stable. 

4) A recent study has shown that prions can be found in the 
muscle of BSE-infected mice. Such a finding in cattle would 
dramatically alter the structure of the model and the risk estimates. 

5) One is naturally concerned that the risk assessment ignores 
the importation of BSE through contaminated feedstuffs, other than 
MBM as a specific commodity. There is, perhaps arguably, 
disproportionality in the whole exercise.  On the one hand it 
considers the risk of emboli, a relatively low phenomenon, but there 
happens to be some limited research on this aspect.  On the other 
hand, the risk of importation from contaminated fish meal which is 
known to be both adulterated with MBM illegally and have MBM 
added legitimately to produce fish meal with a known protein 
content (because fish meal has a variable protein content depending 
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2.6 

Table 2-1. Mode of Infection 

on its source) is ignored.  The same is true for the contamination of 
other feed ingredients.  This may have been considered and 
dismissed, but it deserves some consideration and comment. 

PRESENTATION OF MODEL OUTPUTS 
1) The practical use of the simulation as provided has not been 
made easy.  This is disconcerting, because a great deal of effort has 
clearly gone into this project. 

2) The reader must drill down through several layers to the 
output desired.  The tabular output (Appendix 3A) makes it difficult 
to compare, for instance, the variation in the output and the mode 
of infection with alternative assumptions. With a different tabular 
format, as shown in Table 2-1, not only can the variation within a 
particular mode of infection (e.g., maternal) be seen, but also 
“interactions” between, say, maternal and protein might be seen. 

Assumption Case Maternal Spontaneous Protein Blood Exogenous 

Import 10 Base 0 0 2.9 0.003 0 

Maternal Best 0 0 4.1 0.011 0 

 Worst .78 0 3.2 0.007 0 

Total ID50s Best .57 0 2.6 0.004 0 

 Worst .67 0 4.5 0.012 0 

2.7 BASIC ASPECTS OF BSE 
1) The feeling one obtains from reading this report is that the 
primary objective was to construct a relatively complex quantitative 
simulation model.  This approach ignores some basic aspects of 
BSE.  The overriding one is that if a cattle population becomes 
infected and MBM is fed to cattle, then no rendering system is 
capable of effectively inactivating the BSE agent. Transmission to 
and amplification by cattle is therefore possible.  There is a lack of 
discussion on and assessment of the probability of the introduction 
of the BSE agent into the U.S. cattle population from imported 
animals, animal products, and animal feedstuffs. This is somewhat 
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fundamental and would have provided additional basis for the risk 
assessment.  

2.8	 TREATMENT OF LITERATURE AND EXPERT 
KNOWLEDGE 
1) The review and synthesis of the published literature and 
expert knowledge is somewhat patchy.  One is left with the notion 
that there has been insufficient consultation with researchers in the 
field, which could have provided an ongoing peer review.  One is 
concerned that this could be used to generate criticisms that are 
somewhat inevitable in such a politically laden subject.  It would be 
preferable to see the review and synthesis of the knowledge 
available mapped on to the basic components of the risk 
assessment.  This is done to some extent but mainly on the detail 
rather than the broader risks. 

2) Many assumptions in the report were based on expert 
judgments.  However, the basis for using these judgments in the BSE 
risk assessment should be explained as fully as possible. 
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3
Identification of 
Data and Critical 
Evaluation of 
Evidence 

One of the initial steps in a risk assessment is to identify the 
available data and critically evaluate the available evidence for 
suitability in the analysis. The reviewers evaluated the BSE risk 
assessment data and evidence in response to three questions: 

Z Have all key studies and data been identified? 

Z Have the data been correctly interpreted and emphasized? 

Z Are all input data used in the model valid and appropriate? 

We provide their comments on these three questions in this section 
and number them to differentiate the comments. 

3.1	 HAVE ALL KEY STUDIES AND DATA BEEN 
IDENTIFIED?  
1) Judging from the impressive list of references at the end of 
the main text, the authors did not miss many key studies.  However, 
a few references in the text of the Appendices (e.g., the ones 
mentioned on Pages 4 and 5 of Appendix 2) are not explicitly listed.  
These Appendices did not contain a list of references, nor were the 
individual references included in the overall list starting at Page 
101. 
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All known key data seem to have been identified, but some simple 
tables showing the input data would have been useful:  for example, 
the numbers of imported risk animals, by country and birth cohort 
(the latter could not be retrieved from the report, although they were 
listed in SSC [2000d]), and tonnage and origin of imported MBM, 
by country and year.  In many cases, data on the above examples 
are in the text, but tables could have been helpful. 

2) Since completion of the Harvard/Tuskegee report, a new 
study could have a profound effect on the risk assessment of BSE.  
The study, “Prions in Skeletal Muscle,” was published in the 
proceedings of the National Academy of Science (NAS, 2002).  The 
study’s authors (Bosque et al.) report that mouse skeletal muscle can 
propagate prions.  The concern is that meat could be a source of 
infection, “…even if it is largely free of neural and lymphatic 
tissue….”  Although, the accumulation of prions in muscle has been 
demonstrated only in mice, to meet the requirements of the 
statement of work (to assess the robustness of production and 
processing practices to prevent spread), the possibility of prions in 
meat should be addressed.  For instance, how effective would 
testing biopsied tissue in asymptomatic animals be in detecting 
infected animals? How effective would practices such as steam 
pasteurization and irradiation, designed to reduce bacteria, be in 
deactivating prions? 

3) It is perhaps unusual to comment on the Executive 
Summary, but in the second sentence on Page iv, third paragraph, it 
would have been helpful to include the time when the prohibition 
of the rendering of animals that die on the farm was introduced. 
The actual timing of the introduction of this intervention remains 
mysterious throughout the text.  

4) With respect to Section 2.1.3, third paragraph, one reviewer 
said the following: 

Z One of the original publications on the epidemiology of BSE 
(Wilesmith et al., 1988) is not quoted here or elsewhere in 
this report.  This paper describes the first evidence of age-
dependent susceptibility. 

Z In the third paragraph, fifth line, on Page 12, it is uncertain 
whether the studies attributed to a personal communication 
from Dr. Linda Detwiler are the studies in progress in Great 
Britain.  If so, a little detail on their design would have been 
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appropriate, together with a discussion of the possible effects 
of the results on this risk assessment.  

5) With respect to Section 2.2, one reviewer said the following: 

Z In the fifth sentence of the first paragraph, additional 
references would have been appropriate that would have 
confirmed the quoted author’s initial assessment, for 
example, papers by Ferguson and Donnelly (2000). 

Z The first sentence of the second paragraph would have 
benefited from the appropriate references, such as Wilesmith 
and Ryan (1992, 1993); Hoinville (1994); Stevenson, 
Wilesmith et al. (2000), and the Ferguson and Donnelly 
(2000) papers.  A number of these are not quoted at all.  The 
quantitative estimates of the reduction in risk provided by 
the analyses that are reported in these papers seem 
appropriate to any risk assessment.  In the third sentence 
onwards, the paragraph is also somewhat deficient in 
quoting primary references.  For example, the paper by 
Wilesmith, Ryan, and Atkinson (1991) appears to be the 
primary paper on changes in rendering practices. There are 
other important observations on changes in rendering 
practices such as the work of Taylor (1995) and observations 
by Paul Brown (Brown, 1998) in the Lancet. 

6) With reference to Section 2.3.7.1, BSE in pigs, as a clinical 
disease or subclinical infection, has presented a concern 
worldwide.  They were clearly of potential importance in Great 
Britain because of the inclusion rate of MBM. In simple terms, pigs 
could represent an effective “sump” for the BSE agent, in which the 
BSE agent is effectively removed from the feed system, or at the 
other extreme they could represent a means of amplification.  The 
evidence from Great Britain could have perhaps been used to 
strengthen this section, specifically the last part of the second 
paragraph on page 29 and the third paragraph on this page. 
Evidence indicates that subclinical infection is not a problem in 
pigs, and this is not presented. In addition, evidence suggests that 
clinical disease in pigs has not occurred in the pig population in 
Great Britain.  This has probably gotten lost in various reports.   

7) One reviewer notes that Section 2.4.3 does not refer to 
papers on the risks of the introduction of infection via infected 
animals exported from the UK to other EU member states (Schreuder 
et al., 1997) nor on the introduction of infection into Switzerland 
via MBM (see, for example, papers by Hörnlimann). 
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8) With respect to Section 3.1.1.5, one reviewer mentioned the 
following: 

Z In the first paragraph, more discussion of the incubation 
period distribution would be useful because the model 
outputs do not provide very precise estimates of the 
incidence of the clinical incidence.  The confidence bounds 
are very large. 

Z One major concern is that the risk assessment ignores the 
importation of BSE through contaminated feedstuffs, other 
than MBM as a specific commodity.  This, perhaps arguably, 
underlines disproportionality in the risk assessment.  On the 
one hand it considers the risk of emboli, a relatively low 
phenomenon, but there happens to be some limited research 
on this aspect.  On the other hand, the risk of importation 
from contaminated fish meal, which is known to be both 
adulterated with MBM illegally and have MBM added 
legitimately to produce fish meal with a known protein 
content (because fish meal has a variable protein content 
depending on its source), is ignored.  The same is true for 
the contamination of other feed ingredients. This may have 
been considered and dismissed, but it deserves some 
consideration and comment.  Also, see the general comment 
on basic aspects of BSE. 

3.2	 HAVE THE DATA BEEN CORRECTLY 
INTERPRETED AND EMPHASIZED?  
1) The H-T BSE study authors have done their best to 
incorporate the existing data in their estimates of the parameters 
selected for inclusion in the model.  Not much hard data exist that 
could be used directly for setting parameter values.  Therefore, the 
authors used indirect data to justify logical arguments for setting a 
parameter to a particular range of values. The authors may have 
included some factors in their model simply because some indirect 
data could be found. 

The reviewers had concerns that the importance of some parameters 
has been overestimated and others underestimated. 

2) A rather optimistic choice was made in case of doubt or 
insufficient hard evidence or data.  These concerns relate to overall 
model weaknesses in the general comments section.  In the 
summary section, on Pages 98 and 99, several of the main issues 
that involve assumptions that cannot be verified with confidence are 
discussed, and several of them could serve as perfect examples of 
what has been argued here, that optimistic choices for favorable 
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outcome or reassuring nuances are presented (e.g., the 
implementation rates, the “remote chance that an infected animal 
had been imported from the UK”). 

Reviewers commented on the import of MBM. 

3) The UK export statistics mention a shipment of 20 tons to 
the U.S. in 1989.  Such a quantity was enough to spark the Swiss 
epidemic.  This part of import risk was considered negligible 
probably because the U.S. authorities could not corroborate this 
figure.  The statement (Page 22, second paragraph, last sentence) 
that overseas shipping of MBM was economically noncompetitive 
seems questionable because at least for the period when MBM was 
almost available for free in the UK, it did get all the way to South-
East Asia in large quantities.  Figures from Southern State 
Cooperative of recent years are moot in this respect. 

A reviewer also commented on the import of live cattle from the 
UK. 

4) Because the USDA reported that about half of the animals 
imported in the risk period did not really enter the food chain, these 
were considered to carry no risk (Section 3.4.3).  The report does 
not provide details or evidence to support this statement. Other 
arguments regarding the potential risk of import of live cattle from 
the UK, such as animals not being from a BSE-infected farm, and 
BSE not being a recognized disease (Page iii, last paragraph), are 
questionable.  Admittedly, not many were imported at the peak of 
the risk period. 

5) With respect to rendering (Table 3-3, Page 61), two log 
reduction for atmospheric continuous rendering with added fat is 
optimistic.  Also there is a doubt about the statement on Page 25 
(Appendix 1, second paragraph, last sentence) that addition of fat 
increases the inactivation. 

6) In Section 3.1.2.3 on stunning, it is assumed for the base 
case that air-injected stunning is not used in the U.S., based on 
conversations with involved persons (Page 55, first paragraph, 
seventh line). However, it seems that the model is based on 
unlikely events such as air-injected stunning.  Therefore, the model 
may be limited and may become obsolete.  In Section 3.1.2.4 (Page 
56, second paragraph, last sentence), the assumption that stunners 
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not using air injection never cause contamination of the blood 
(during exsanguination) with brain material needs to be modified. 

7) The remark in Section 4.5 in the last line on Page 99 does 
not sound very scientific:  “exposure could not have been 
substantial because we did not see many cases,” having in mind the 
German experience.  About the level of achieved surveillance, more 
will follow. 

8) In Section 2.3.9.1 on plate waste, it is said to mainly contain 
vegetable material (third paragraph, second sentence), and 
vegetable protein must be added to give it the correct nutritional 
value.  The major question is why one would not add mammalian 
protein here instead of vegetable? 

9) A reviewer commented on ProbPassAM (Section 2.1.1, 
Appendix 1, Page 9).  If it is their intent, the authors should specify 
that ProbPassAM is the probability that a BSE-infected animal, not 
just an animal, passes AM inspection.  The authors state that the 
probability of an animal passing AM inspection is age dependent. 
They provide the references that were used to derive these 
estimates.  Because BSE evolves slowly, their argument that BSE in 
older animals is more likely to be detected makes sense, but the 
age-dependent variation is for animals without clinical signs.  Thus, 
the probabilities really represent the age-dependant chance 
occurrence that an infected animal passes.  Variations in 
probabilities for the three age categories are minute (to third 
decimal, Appendix 1, Section 3.1.1, Page 38).  The authors do not 
specify variation in ProbPassAM in animals with clinical signs by 
the actual clinical signs, where variation in the probability among 
animals is likely to be higher than variation among age categories. 
Therefore, it appears that in one instance the parameter is 
overestimated and in the other underestimated. 

What is important from an inspection point of view is to pay greater 
attention to early signs of disease.  The probabilities also do not 
reflect improvements in detection over the 20-year time span.  If the 
0.10 probability chosen by the authors is an average probability of 
passing infected animals with early signs and animals with late 
signs, perhaps it is appropriate. If it represents the probability of 
passing an infected animal in the later stages of disease, then the 
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Figure 3-1. Forrester 
(rate/state) Diagram to 
Depict Relationships 
between Population 
Parameters 

estimate is probably high, because the neurological signs would be 
obvious to an inspector. 

10) Reviewers commented on the cattle population parameters 
(Appendix 3A).  The output tables list epidemic statistics such as the 
numbers of cattle infected and the numbers infected exhibiting 
clinical signs. It appears that cattle population parameters were 
included in the model to simulate epidemic statistics, which is also 
suggested in Figure 3-1 of the H-T BSE study report.  Cattle 
population parameters specified in the H-T BSE study report are 
ProbBirth, ProbDeath, and InitSize.  From an epidemiological point 
of view, these variables can be used to estimate the size of the 
“national herd,” which can define cattle at risk, and transmission of 
prions, for instance between cow and calf, which can define spread. 
However, the authors do not define clearly how the population 
parameters affect the output.  That is, the mathematical 
relationships, if there are any, among the population parameters.  
Figure 3-1 in the H-T BSE report is not sufficient in describing the 
relationships.  The authors do not report the density-dependent 
process used.  They might consider using Forrester (rate/state) 
diagrams to depict the relationships in an easy to understand figure. 
For instance, a simple way to convey to the reader the factors that 
affect the size of the cattle population might be as shown in 
Figure 3-1. 

PopulationBirth 
Rate 
0.0833 

at Time t 
Death 
Rate 

A rate that increases the population and a rate that decreases the 
population determine the size of the herd at a point in time.  Then 
the authors can elaborate.  For instance, the rate of increase is 
affected by the current age-specific size of the population at time t-1 
and the birth rate.  The rate at which the population decreases is 
affected by the death/slaughter rate. The number culled for slaughter 
(and other factors) affects the death rate. 
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In Table 3.4.1, the “natural” death rate is age-specific (Appendix 1, 
Page 45). It should be reported that the unit for age is months, and 
that the values tabulated are for beef cattle.  Overall, the units of 
measurement should be included in all tables.  Throughout the 
report, the stage of production is not considered.  For instance, the 
death rate is different for stocker cattle on pasture than for feedlot 
cattle and varies seasonally and geographically and certainly by 
producer.  When should details such as these be included in the 
model and when should they be excluded? More rationale should 
be given for the variables selected and for those omitted. 

Population parameters were important in the Great Britain outbreak 
because destroying infected animals served to reduce the incidence 
rate and disease spread.  It is unclear how the population 
parameters are used in this model. 

11) About maternal transmission, one reviewer noted the 
following.  The parameters “beginCalving” and “endCalving,” the 
beginning and ending age when cows give birth, are defined in 
Appendix 1, Pages 10 and 11.  They are included presumably to 
estimate maternal transmission of prions to offspring or perhaps to 
determine the period at which transmission could occur. However, 
the actual relationship among the variables is not described. 
Therefore, one would have to examine the computer code to 
understand the relationships.  Again, the authors might consider 
depicting the relationship as shown in Figure 3-2. 

“ProbTrans” is a probability that a new born calf becomes infected 
if the mother is infected and the mother has lived through at least a 
fixed fraction of her incubation period and its value is 0.1 
(Appendix 1, Section 2.2.2, Page 10).  The fixed fraction is specified 
by <maternalContagiousPoint> parameter and its value is 0.833 
(Appendix 1, Section 3.1.7.3, Page 76).  Therefore, it appears that 
probTrans is a conditional probability that can take on one of the 
two values, which might be depicted by a Warnier-Orr diagram that 
the authors could use as a means of making the relationship easier 
for the reader to understand: 
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Figure 3-2. Forrester 
Diagram to Depict 
Relationships for 
“Begincalving” and 
“Endcalving” 

Rate 

BSE 
Calves 

BSE 

Mom 

Transmit 

(ProbTrans) 

Moms 

Time 
since 

infected 

[Fraction of incubation period > 0.833] {ProbTrans = 10% 
[Fraction of incubation period < 0.833] {ProbTrans =  0% 

If the condition within the square brackets [ ] is true, then the 
assignment to the right of the curly brace { is made.  Also, the 
authors need to specify if the fraction is >0.833 or �0.833. 

12) Apparently, the incubation period for BSE is assigned a value 
between 0 and >130 months according to the probability 
distribution “ClinicalDate” (Appendix 1, Pages 73-76). It is 
assumed that although the table indicates >130 months, the highest 
value actually used was 130.  

13) A few assumptions are based on data extrapolated from 
dairy cattle and beef cattle or other animals. Do the results sum 
over all “types” of cattle?  

14) The number of cattle among which blood meal from a single 
slaughtered animal is divided is estimated as described in Section 
2.3.1 (Appendix 1, Page 11).  Apparently, the blood collected from 
individual animals at slaughter establishments is pooled.  The 
authors calculate the expected amount of blood meal consumed by 
a dairy cow to determine the number of animals (88) fed by a single 
4,000 lb batch of blood meal. It is not clear how this number is 
used along with estimates of blood meal consumption (Table 3.3.3, 
Appendix 1, Page 39) by each bovine type, gender, and age 
combination to estimate the number of cattle infected by blood. 
Also, the value for the number of animals fed by a single batch of 
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blood meal is reported as 88 in Appendix 1, on Pages 11 and 23, 
but 89 in Appendix I, Page 66.  Which of these two numbers is 
correct?  Because the units in the output tables (Appendix 3A) are 
not given, it can only be a guess that the value for blood (in mode of 
infection) represents cattle numbers infected by blood.  

15) One reviewer commented on the lack of emphasis on 
exposure routes. It is generally accepted that the highest risk for BSE 
is from 

Z import of live cattle or MBM from a country with BSE; 

Z an internal processing system that is incapable of reducing 
infectivity below a certain threshold level (mainly the 
rendering system); and 

Z exposure of ruminants to the end products of the second 
way (be it purposely or accidental, by cross-contamination). 

Although it is commendable that all possible routes and potential 
risks are addressed, the emphasis could have been placed more on 
the above limited number of priority routes, instead of dwelling on 
sometimes highly theoretical routes. In other words, some of the 
reported unlikely infection routes are easily dismissed by the model 
with a simple statement, whereas others are investigated to a 
surprisingly deep level.  This comment is also related to the general 
comment on complexity and level of detail. 

The study apparently treats the scrapie transmission (Section 2.3.3, 
Page 23) and the spontaneous BSE case (Section 2.3.1, Page 21) at 
the same level as the above listed priority routes.  Below we provide 
an example of this inconsistency with what is considered major 
risks. 

It is stated that from 750,000 up to 2.5 million animals are imported 
annually from Mexico and Canada (Section 2.3.2.3, Page 22). 
However, the H-T BSE study report does not address what happens 
in Mexico in terms of MBM exposure.  In general, the report says it 
was extremely unlikely that those animals posed a risk of 
introducing BSE in the U.S.  Perhaps the imported animals do not 
pose any risk, but what if they had been fed contaminated starter 
ratios as calves in Mexico?  Even if such animals would not live 
until patent clinical stages, they can introduce infectivity into the 
system.  The Scientific Study Committee (SCC) concluded that this 
was an area for consideration (or concern) in the case of the U.S. 
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16) The third paragraph on Page iii discusses the risk presented 
by the 334 animals brought into the U.S. from the UK between 
1980 and 1989.  The text states:  “These animals were imported as 
breeding stock, not as beef or dairy breeding animals.  This fact is 
likely to have reduced their potential for exposure to BSE before 
their export from the UK” (fifth line).  There is a misunderstanding 
here as discussed below. 

The cattle exported from the UK have carried a greater risk of being 
infected by BSE than the other members of their natal cohorts that 
were not exported.  An assessment based solely on the incidence in 
the home-based remnant of the cohort can therefore be misleading. 
The reason for this elevated risk is because the exported animals are 
more likely to have received commercial concentrate feed, 
especially beef breeds that had a much lower exposure to feedstuffs 
containing MBM. One reason for this was to ensure that they were 
in the best physical condition.  Examples of this apparent differential 
risk for exported animals are the animals of the Saler breed, which 
was exported to Canada, and animals exported to Denmark and 
Germany.  More generally, at the beginning of the clinical 
epidemic, pedigree dairy herds were disproportionally represented. 
Their exposure to MBM was relatively greater than for other 
commercial herds, because of showing animals and general 
traditions of managing such herds. Unfortunately a proportion of 
the early affected pedigree herds was the source of Friesian heifers 
for export to Portugal to restock after the Contagious Bovine 
Pleuropneumonia (CBPP) outbreak there.  

17) The second paragraph in Section 2.1.1 on Page 6 describes 
transmission of TSE disease in the case of sheep-borne scrapie.  It is 
stated that TSE transmission has been inked to the use of vaccines. 
There is not much evidence that a relatively crudely prepared 
louping ill vaccine has been associated with transmission.  The 
evidence from the Italian outbreak is far from conclusive. 

18) It would have been more correct if “at least experimentally” 
was inserted after “transmitted” in the second sentence of the 
second paragraph of Section 2.1.2.  

19) With reference to Anderson et al. (1996), it is stated in 
Section 2.1.3, third paragraph, that the susceptibility of animals 
peaks at 1.31 years of age and then decreases based on back 
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calculation of the BSE model.  There not only is a slight 
misunderstanding of the Anderson paper, but also an error in this 
paper that unfortunately has never been amended.   

The peak susceptibility quoted is not derived by a back calculation. 
However, it is derived from a research institute’s cattle herd that had 
a very unusual feeding profile and this is the “error.”  In Great 
Britain, exposure to feedstuffs containing MBM is relatively rare 
between 6 months of age and approximately 2 years when heifers 
start to calve.  This error is perpetuated in the Woolhouse and 
Anderson (1997) paper, which is not a separate investigation (i.e., 
both papers are part of the same investigation). Moreover, it has not 
been possible to determine the profile of age-dependent 
susceptibility and whether it does occur.  This would require a 
laboratory-based study because the natural feeding pattern 
throughout the first 2 years of the life of cattle in Great Britain 
precludes the necessary epidemiological analysis of this putative 
age-dependent susceptibility. 

The synthesis of the current evidence on this aspect is important to 
the risk assessment.  If there is an age-dependent susceptibility it is 
not absolute.  That is, all ages are susceptible.  The age at which 
cattle are exposed orally and parentally to the BSE agent in 
experimental challenges in Great Britain has been 4 months.  This is 
the age at which calves would have achieved their maximum intake 
of commercial concentrate feedstuffs under Great Britain conditions. 
The results from the British attack rate study, involving oral exposure 
to varying amounts of brain tissue from terminal cases of BSE, has 
resulted in an incubation period/age at clinical onset distribution 
similar to that observed in naturally occurring cases.  The 
epidemiological evidence from the epidemic in Great Britain is that 
age at exposure does not influence the incubation period. 

In the ninth line of the third paragraph, it is hypothesized that age-
related susceptibility is associated with permeability of the intestine 
to large protein.  A reference to the hypothesis is required because 
the change in permeability of the bovine intestine with age does not 
explain the apparent age-dependent susceptibility.  The quoted 
changes occur too early after birth. 

In the second paragraph on Page 12, findings from the attack rate 
experiments are discussed for the dose of BSE agent.  The 
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researchers should have made themselves aware of the attack rate 
study conducted in Great Britain.  The lowest dose in the original 
study (a follow-up study using lower doses is in progress) was 1g. 
The results of this study should have been included here.  There 
appears to be some confusion here and therefore a concern that the 
researchers may not have made the best use of the research results 
available, which is a “trap” generally advised against in terms of 
interpretation and use of the results of the bovine pathogenesis 
study.  Essentially, the researchers have assumed that all of the 
animals in the pathogenesis study, exposed to 100g brain orally, 
had an incubation period of 36 months.  This is not true and 
probably arises from a lack of synthesis of the results from these two 
studies; the attack rate study, although initiated at the same time as 
the pathogenesis study, was the scoping study for the latter.  The 
problem is that in the attack rate study the 10 animals were exposed 
to 100g brain orally. However, the same exposure dose used in the 
pathogenesis study had incubation periods that ranged from 33 to 
61 months.  It is not correct to assume that all of the pathogenesis 
study animals had the same relatively short incubation period. 
Therefore, the proportional calculation described in Section 2.10.1, 
Appendix 1 will produce conservative estimates of infectivity and 
underestimate this value. 

20) Section 2.2.1 describes scrapie in sheep as one of the 
possible causes of the BSE epidemic in the UK.  The section is a 
little muddled in that it starts discussing transmission of sheep 
scrapie between sheep and then goes on to the sheep scrapie origin. 
The latter is a little simplistic and half-hearted.  Again, this section is 
a little short on primary references and reviews of considerations of 
the origin, for example Kimberlin (1997).  The comment on the 
feeding of concentrates to calves not taking place other than in 
Great Britain except Australia (Page 14, last sentence) is not true. 
The EU-sponsored Great Britain exercise clearly indicated that the 
feeding of concentrates containing MBM to calves was not restricted 
to Great Britain/UK. Thus, there is a misquotation regarding the 
feeding of concentrates to calves, which needs to be corrected to 
make accurate international comparisons.  Finally, the last sentence 
of Section 2.2.1 could be misinterpreted by the uninformed to mean 
that cattle are not susceptible to oral exposure to sheep scrapie. 
This is not true. 
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21) Section 2.2.2 discusses sporadic BSE as one of the possible 
causes for the UK epidemic.  The first sentence of this section is 
rather vague and conflicting.  Is this referring to relativity to all other 
countries or just to the U.S.?  The evidence suggests that this is only 
true for the U.S. Occurrence of sporadic BSE according to age of 
cattle is discussed in the second paragraph.  The age distributions of 
the UK animals are specifically mentioned. However, other 
European countries certainly have dairy cow populations with 
similar age distributions, which needs to be considered here.  

22) As discussed in Section 2.2.3, toxic agents and other 
hypotheses as a possible cause of the BSE epidemic in the UK are 
discussed here.  The other hypotheses may not deserve any great 
attention in such a risk assessment.  They could have been 
dismissed either by reference to reviews by others such as the 
Spongiform Encephalopathy Advisory Committee (SEAC) in Great 
Britain or by the EU’s SSC.  As it stands, it is misleading.  For 
example, the “Organophosphate Pesticides hypothesis” has not 
been a singular hypothesis.  It has changed significantly throughout 
the epidemic by its protagonist.  Also, in the last sentence in the first 
paragraph of Section 2.2.3.2, it is stated that resulting conditions 
from copper deficiency had signs and pathological changes similar 
to those of BSE, which is not true.  Section 2.2.3.5 discusses 
pituitary hormones, but the fact that transmission via hormones 
derived from bovine pituitaries was considered in the original 
epidemiological study has been ignored. 

23) As discussed in Section 2.3.7.1, there is a theoretical risk 
that cattle could be exposed to a TSE from porcine-derived protein. 
One of the two potential sources of this exposure can be a natural 
TSE that infects pigs.  Section 2.3.7.1 discusses infectivity in pigs 
due to TSE infection.  BSE in pigs, as a clinical disease or subclinical 
infection, has been a concern worldwide.  They were clearly of 
potential importance in Great Britain because of the inclusion rate 
of MBM.  In simple terms pigs could represent an effective “sump” 
for the BSE agent, in which the BSE agent is effectively removed 
from the feed system, or at the other extreme they could represent a 
means of amplification. 

The evidence from Great Britain could have perhaps been used to 
strengthen this section.  This is so specifically for the last part of the 
second paragraph and the third paragraph on Page 29.  Some 
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evidence indicates that subclinical infection is not a problem in 
pigs, and this is not presented.  Also, some evidence shows that 
clinical disease in pigs has not occurred in the pig population in 
Great Britain.  This has probably got lost in various reports. 
However, if one assumes that the incubation period in pigs is the 
same as that for BSE in cattle and the surveillance for neurological 
disease in pigs in Great Britain is equally effective for such disease 
in cattle, then the number of expected cases in the pig population in 
Great Britain can be tens of thousands.  On the first assumption 
there is no evidence to dismiss it. On the second assumption, 
evidence indicates that the surveillance of disease, including 
neurological disease, in pigs is more effective than in cattle in Great 
Britain. 

BSE in pigs was detected by a neuropathologist whose specialism 
was neurological disease in pigs.  Also, during the BSE epidemic 
outbreaks of neurological disease in pigs in Great Britain were 
detected, brought to the attention of MAFF scientists, and 
investigated.  The main point is that the third paragraph on Page 29 
has a touch of innumeracy.  The percentage of pigs slaughtered at 
less than 6 months of age is not an important statistic compared to 
the number of pigs that reach a potentially susceptible age (~5 
years), and this is what the analysis of the pig population referred to 
above was concerned with.  There is really no evidence that pigs 
are important in the epidemiology of BSE, but quoting percentages 
rather than absolute numbers is not helpful in such an important risk 
assessment.  

24) Actions taken in the UK to check BSE are described in 
Section 2.4.2, Page 37.  The fifth sentence (line 7) indicates that the 
ban on specific bovine offal (SBO) as ingredients in feed stuff helps 
to identify tissues with the highest infectivity. It should be indicated 
that these high risk tissues were identified as a result of research on 
sheep scrapie. This sentence also could be more fully referenced. 
The last sentence of the paragraph is more accurate if it is moved to 
be the penultimate sentence.  Because by 1997 the additional ban 
on the use of mammalian-derived protein in 1996 could not 
possibly have had any effect on the clinical incidence.  

To make the second paragraph more realistic, it may be noted that 
the SBO ban, with respect to the human food supply, was 
introduced in 1989 because of the knowledge that when the 
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“scrapie agent” successfully crosses to another species, it can have 
altered transmission characteristics with respect to other species. 
Also, the tissues listed as the SBOs, such as brain and spinal cord 
from cattle older than 6 months, are incomplete. 

The chronology of events that is suggested in the third paragraph is 
not correct.  The national surveillance for Creutzfeldt-Jakob Disease 
(CJD) was formally instigated in May 1990, which is clear from the 
CJD Surveillance Unit’s website.  In Table 2-2, the chronology of 
BSE-regulated actions in the UK contains errors.  For example, there 
was no “selective culling” in 1990, and spinal cord in animals older 
than 6 months was included in the original SBO ban.  There are 
perhaps some other important exclusions even though this is a 
summary table.  For a detailed chronology, refer to the six monthly 
progress report on the BSE epidemic published by the Ministry of 
Agriculture, Fisheries, and Food (MAFF) (now the Department for 
Environment, Food, and Rural Affairs or DEFRA), which is available 
on their web site. 

The two measures to prevent the BSE epidemic described in the last 
two paragraphs of this section are confused as different bans. The 
reality was that in March 1996, the SEAC’s recommendation was for 
the deboning of carcasses of animals older than 30 months of age 
together with the removal of all obvious lymphatic and nervous 
tissues.  This was not possible because of an insufficient number of 
deboning plants.  The political decision was therefore made, at the 
Prime Ministerial level, to remove all animals over 30 months old 
from the human chain.  The ban on bone-in-beef was introduced as 
a precautionary measure as a result of the later results from the BSE 
pathogenesis study (in cattle) conducted in Great Britain that 
suggested that infectivity may be present in dorsal root ganglia. 

25) In Section 2.4.5, BSE surveillance in the U.S. was evaluated. 
The section reads as if there is a little complacency about the 
surveillance for BSE, and CJD/vCJD in the U.S.  A more critical 
evaluation appears to be appropriate.  There have clearly been a 
number of problems with surveillance for clinical BSE.  The first is 
the general level of surveillance in the U.S. and other countries. 
The second is the fact that at low incidence BSE is clearly a difficult 
disease to identify because of its more behavioral, rather than 
neurological, clinical presentation in at least the early clinical phase 
and the rather variable clinical signs.  Thirdly, a concentration on 

3-16 



Section 3 — Identification of Data and Critical Evaluation of Evidence 

suspect rabies cases has not proved to be very effective within 
continental Europe; this is mainly because rabies is endemic in the 
less cattle-dense areas and such surveillance (on its own) can 
therefore exclude a significant proportion of the cattle population.  
Fourthly, “downer” cows are probably not the best targets for BSE 
surveillance.  

The time frame of the BSE risk assessment work is not clear.  The 
executive summary indicates a starting year of 1998 and the 
scientific references section contains some papers published in May 
2001.  An improved awareness of the extent and magnitude of the 
incidence of BSE in EU member states in continental Europe 
emerged towards the end of 2000.  Any comment on the omission 
of what has been learned or stressed from this additional 
surveillance in Europe, arising from the use of the more rapid and 
economical tests described in Section 2.4.1, may be misplaced. 
However, two related aspects emerge.  The first is that testing 
animals at slaughter improves quite dramatically our knowledge on 
the incidence of BSE in countries with a low incidence of clinical 
BSE and therefore a relatively poor awareness of the intricacies of 
the clinical picture.  Secondly, targeting surveillance to the more 
general category of fallen stock/casualty slaughter animals, rather 
than just “downer” cows is a much more effective method.  

A comparison of surveillance for CJD/vCJD in the U.S. with that in 
the UK and the more widely based EU funded surveillance project 
would have been helpful because there do seem to be some 
differences.  A lack of change in the observed incidence of CJD in 
the U.S. could be interpreted as providing evidence of no increased 
intensity in surveillance.  This comment is made in light of the 
findings from those countries that have participated in the 
international project on CJD surveillance. 

3.3	 ARE ALL INPUT DATA USED IN THE MODEL 
VALID AND APPROPRIATE? 
Several comments in the previous section are also appropriate here. 

1) In spite of the somewhat critical examples, the overall level 
of accuracy of data and their appropriateness are good.  The H-T 
BSE study authors did indeed have access to good expert 
opinions/panels.  However, a general observation is that, in 
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instances where subjective interpretations had to be given, an 
optimistic choice was regularly made, as suggested earlier in this 
report. 

2) It is important to validate the data (content validity) and the 
operations (construct validity).  The authors define parameters 
(constructs) operationally based on data. Most, if not all, data on 
which the parameter estimates are derived are valid, and the logic 
in which the data are used to estimate parameters is basically 
sound.  The validity of the model (predictive validity) cannot be 
evaluated effectively because the means by which the parameters 
affect the output is not described in the report.  It would be more 
informative to describe how the parameters relate to each other and 
the evidence that the parameters relate to each other that way in 
reality. 

3) Since there exist important data gaps in model inputs of the 
risk assessment model, assumptions were made.  Upon review, it 
was found that most of these assumptions are based on the assumed 
or judged trustworthiness of references and expert judgments. For 
example, most of the references come from published government 
reports and journal papers.  Therefore, these assumptions may be 
reasonable but it is important to explain as fully as possible the basis 
for their use in the BSE risk assessment. In some cases, it might be 
better to assume a continuous probability for a model input instead 
of using some assumed discrete value because uncertainty in the 
model inputs can be any values.  For example, for the input 
parameter “number of importation of infected cattle into U.S.,” the 
model simulated the introduction number of 1, 5, 20, 50, 200 and 
500; however, a log-uniform distribution with a lower bound of 1 
and an upper bound of 500 would more realistically represent the 
possible number of importation of infected cattle into the United 
States in the real world. 

4) Although it is appropriate to include parameters about the 
population dynamics of cattle, the sources of infection, and the 
practices at the farm, processing establishment, and renderer, one 
should be concerned about the lack of data about each and the 
omission of parameters that may more likely affect BSE infection. 
Some data included are relevant, yet not complete; other data are 
more complete, yet irrelevant.  The level of detail is highly variable. 
The authors do not discuss how varying the level of detail affects the 
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model results. For instance, what effect would reducing the number 
of age categories have on the results? Or what effect would varying 
the accuracy (decimal places) of blood meal consumption have on 
the results? 

5) Section 2.1 outlines the characteristics of TSE.  A general 
suggestion for this section is that the authors could have included 
the occurrence of TSE in other Felidae and ungulates in zoological 
collections.  The first paragraph on Page 4 discusses kuru, a fatal 
disease that affected the Fore population of Papua, New Guinea. It 
is also stated that the neurological signs of kuru are similar to those 
of scrapie, which is not true.  Kuru is typified by the occurrence of 
myoclonus that is not a feature of scrapie; it is a clinical sign 
observed in cattle with BSE.  

6) A small point regarding the Japanese study cited in Section 
2.1.3, second paragraph under sheep:  the international research 
population working on sheep scrapie doubts the veracity of the 
Japanese reference to a scrapie case with arginine homozygosity. 

7) Section 2.4 describes the measures taken to protect against 
BSE.  The third sentence states that infected tissues are not allowed 
in human or animal food supply, which is not entirely true, 
especially when a temporal aspect is considered. 

8) Section 3.1.1.5, Page 51, discusses the BSE incubation 
period and time until death caused by BSE. In the second 
paragraph, a uniform distribution of the time from the manifestation 
of clinical signs and death/euthanasia between 2 and 6 months is 
assumed.  This assumption needs more discussion because it is 
clearly at variance with the distribution observed in British cattle 
(e.g., Figure 3 in Wilesmith et al. [1988] [a paper not listed in the 
references]). It is not clear to what extent the simulation is sensitive 
to the assumed distribution.  

9) Section 3.1.2.1 discusses the level of infectivity and 
distribution of infectivity throughout the carcass.  Table 3.10.1 
(organDistribution) on Pages 63 and 64 of Appendix 1 does not 
match what is quoted from the British pathogenesis study in this 
section.  Infectivity was found in the small intestine from 6 to 18 
months post infection.  Also, Table 3-1 (Page 53) lists that the distal 
ileum has 100 percent infectivity.  Table 3.10.1 has a zero for the 
proportion of an animal total infectivity in the ileum for animals 0 to 
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18 months of age.  This should be one.  It is impossible to determine 
if this is an error carried forward into the computations or merely a 
typographical error. 

10) Section 3.3.2 evaluates the effect of importation of infected 
cattle as a source of infectivity on model prediction.  There can be 
no disagreement with conducting simulations assuming a range (1 
to 500) of infected cattle to determine the robustness of the U.S. 
cattle population. However, the assumption that they were infected 
at 12 months is dubious (second paragraph).  The modal age at 
infection for British cattle, the most likely source of infection, is 4 
months of age.  Again, one is not certain of the sensitivity of this 
assumption to the simulation. 

11) In Section 4.4.3, the likelihood that BSE infectivity could 
have been introduced into the U.S. by cattle imported from the UK 
is addressed. In the fifth paragraph (line 8), the authors state that 
“USDA’s estimate of the number of clinical cases that surveillance 
would have detected in the year 2000 with 95 percent probability” 
are plotted in Figure 4-7.  The basis of this statement would have 
been of benefit. Is this based on the use of the screening tests of 
slaughtered cattle, or merely on clinical surveillance, or on this plus 
surveillance of fallen stock and casualty slaughtered animals or on 
combinations of these methods of surveillance? 

12) It is cited that for each animal in the UK that developed 
clinical signs, another four animals went undetected (Appendix 2, 
Page 3, second paragraph). Use of such multiplicative factor is a 
little simplistic.  The ratio of infected animals to those that develop 
clinical signs will not be constant through any epidemic.  Also, 
some amendment would be appropriate in the second paragraph to 
account for the fact that animals exported from the UK carried a 
greater risk of infection than those retained in the UK. 

13) In the H-T BSE study, the sequence of control measures in 
Switzerland that bring about the growth and decline of the BSE 
epidemic is clearly stated.  For the U.S., the model mainly states the 
present state of affairs, with a feed ban and regulations about 
prohibited rendering and feed.  However, the model ignores the 
practices in the past.  Before 1997 there apparently was no feed 
ban.  A proper assessment of the rendering and feeding risks at that 
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time is missing.  Although it is probably included in the model, 
these details were not apparent in the report. 

14) There is a minor comment regarding birth rate assumptions 
on Page 49.  The model assumes a (constant?) birth rate from 24 
months onward.  This is obviously somewhat besides the actual 
truth, because it would lead to an average age at first calve of 30 
months, whereas this is probably closer to 24 months.  The strong 
peak in calving around the ages of 24 and 36 months, which is 
neglected in this model, may explain the difficulties in getting the 
age distribution and population size to fit with the data on culling. 
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4
Overarching Logical 

Structure of the Risk 

Assessment 

The reviewers agree with the risk assessment process.  However, 
they had general and specific comments on the overall structure of 
the risk assessment, risk factors and their values, epidemics, and 
presentation issues.  We number them to differentiate the 
comments. 

1) In general, a typical risk assessment includes four important 
components:  hazard identification, exposure assessment, dose-
response assessment, and risk characterization (NRC, 1994).  The 
BSE risk assessment model includes these four components. 
Therefore, the risk assessment methodology is appropriate. 

2) In general, the methodology was found to be sound and 
efficient, although the large uncertainty in many of the needed 
parameter values makes the choice for a simulation model rather 
suboptimal, because many different simulation results make it hard 
to actually interpret these results. 

3) The report shows a tendency to underestimate the risks of 
BSE transmission in the U.S., reasons for which are discussed earlier 
in this report.  This tendency is mainly based on the bottom-up 
methodology of listing all the possible (imaginable) risks and 
subsequently quantifying those.  In comparison, the EU-SSC 
Geographical BSE Risk studies take the top-down approach of 
following all the risk material to see where it goes.  “If it cannot be 
accounted for properly, it must pose a risk.”  Thus, the two methods 
look at the problem from totally opposite sides, with the EU 
generally overestimating the risk and this study generally 
underestimating the risk.  Another point where the report tends to 
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underestimate the BSE risk is in quantifying the parameters, as 
discussed in Section 4.2. 

4) The H-T BSE study authors want to determine the effect on 
animal health and potential human exposure after introducing BSE-
infected animals into the U.S. cattle population and looking at other 
sources of introduction (spontaneous, feed, animal-to-animal).  They 
have developed a simulation model with a set of initial underlying 
assumptions that they call the “base case” scenario.  They claim that 
the base case scenario, the logical structure of which is depicted in 
Figure 3-1 of the H-T BSE study, represents the present state of the 
cattle population including government regulations and prevailing 
agricultural practices.  Also, see the general comment on the clarity 
of the model’s structure. 

The authors constructed a stochastic model consisting of four 
components (Figure 3.1 and Appendix 1).  The four components are 
cattle population dynamics, the slaughter process, rendering and 
feed production practices, and infectivity in material for human 
consumption.  The authors might consider illustrating each 
component as shown in Figure 4-1 to understand them better. 
Rate/state diagrams, such as the one in Figure 4-2 might also be 
used. 

The authors depict in Figure 3-1 that the sources of infectivity drive 
the system by infecting the cattle population.  Epidemiologists and 
ecologists have constructed many stochastic models of epidemics, 
which the authors could have used to build on for a more complete 
description of the dynamics common to epidemics, and then the 
authors could have customized the model to include the particular 
factors associated with BSE.  However, the need to construct a 
complex population model does not seem to be important because 
this disease basically is noncontiguous.   

5) Although Figure 3-1 describes the basic process, the 
processes involved from the birth of an animal to its death and 
ultimately the fate of it remain unanswered.  The conclusion is that 
the basic structure is rather constrained and ignores important 
information. 
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Figure 4-1. Four Components of Simulation Model 
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6) Some probabilities are specified in a tricky way. For 
instance, probFeedOK is the probability that prohibited feed is not 
fed to cattle (Appendix 1, Page 13).  Why not just estimate the 
probability that a mistake is made? 

The H-T BSE study authors have identified practices such as 
inspection, stunning, splitting, advanced meat processing, and 
segregation of rendering products, which a priori could lead to 
prion (“infectivity”) spread.  The model, while appearing to be 
comprehensive, is limited because it is based primarily on events 
that are unlikely to occur (e.g., pneumonic stunners now are rarely 
used).  It appears that some factors were chosen if any data existed, 
rather than by identifying critical control points of production and 
processing practices that might lead to contamination.  Although the 
H-T BSE study authors consulted with experts, the model derivation 
was their nonexperimental knowledge of the meat and rendering 
industries, which this reviewer believes also limits its scope.  Do we 
have the means to track feed ingredients through the system?  How 
widely are the ingredients distributed?  What effect does cattle 
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Figure 4-2. Rate/State Diagram for the Modeling Process 
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movement, which is extensive, have on spreading the disease? 
What economics are involved?  Could a more general model be 
constructed that could be modified easily by the user to estimate the 
risk that other diseases might establish in the U.S.?  

7) An initial phase of the risk assessment, in addition to the 
necessary review of published literature and available expert 
information, could have been an international (relative) risk 
assessment. This may have only been possible during the latter 
stages of the course of the risk assessment project.  However, given 
the revelations in continental Europe, and other countries of the 
world following active and targeted surveillance, a more 
appropriate and defensible risk analysis may have emerged. Several 
examples to strengthen this claim have been provided in this report. 
This is simply, and obviously, because when a risk has materialized, 
it is somewhat easier to conduct a risk assessment.  There has been 
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some validation using the Swiss data and information, but, as 
previously noted, it can be misleading, or as the authors admit, 
could be for reasons of chance.   

8) The BSE model has not formally been validated.  It used a 
Switzerland case to test the plausibility of the model prediction.  It is 
difficult to conduct a formal validation for the BSE model because 
there are no known controlled experiments in which the 
introduction and consequences of BSE to a country have been 
monitored and measured. Nonetheless, it must be acknowledged 
that the validity of the model is not fully established.  Also, it is not 
apparent what efforts are made to verify the model. 
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Biological 

Plausibility of the  5 Assumptions 

The reviewers commented on whether the assumptions are in line 
with the biology.  We number their comments to differentiate them. 

1) There has to be some doubt about the apparent use of a 
constant ratio of subclinically infected animals and clinically 
affected animals.  It should be noted at this point that the H-T BSE 
study report is difficult to assimilate, because in some sections, 
notably the Background and Executive Summary, risks are rather 
summarily dismissed, but in the actual model they are apparently 
addressed in a more cautious way. The following draws attention to 
a number of the key assumptions. 

2) For the development of infectivity within an infected animal 
(Figure 3-6), the decrease of infectivity in the animal after 20 
months (Section 3.1.2.1, Page 53, tenth line) is an assumption not 
based on reality but on detection in an experimental model.  The 
abnormal prion protein (PrPSc) does not leave the body; it most 
likely continues to spread through the body to (temporary) 
undetectable levels.  The model would benefit from such an 
assumption.  This may have a major impact on the results, because 
one is then forced to state that “undetectable levels” of infection in 
animal products are probably nonzero. 

The subsequent exponential increase in the last stage seems to be a 
good choice, but a motivation for the chosen growth rate (not in the 
report?) would be welcomed.  The way to handle the curve for 
shorter or longer incubation periods is reasonable as discussed in 
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Section 3.1.2.1, although one can discuss that it is more likely that 
this growth rate is always equal in all animals, but the moment that 
the exponential phase starts has large variation. However, the latter 
point has probably minimal impact on the results. 

3) With respect to incubation period (ip), the model that has 
employed the ip used has some problems in terms of the predicted 
incidence because it lacks precision.  

4) The absence of considering an exogenous source via 
imported feedstuffs in general rather than via meat and bone meal is 
an omission, as discussed in comment 8 in Section 4.1.  Some 
investigation is required to examine the plausibility of the dismissal 
of this source.  A relative risk approach, as part of the whole 
process, may have precluded this omission because trading between 
EU member states, which have not employed the full set of risk-
reducing measures, has resulted in infection “moving around” 
clandestinely.  It may be that the U.S. has effectively been protected 
by statutory means or simply by traditional international trading 
patterns.  However, the current risk assessment is a little open to 
criticism from “the outside world,” which may not be fair to the 
research teams. 
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Are the Mechanics  

of the Model 
Consistent With6 Known Biology? 


The reviewers agree that in general the modeling appears to be 
consistent with the biology.  However, the reviewers have a few 
reservations, primarily because the model structure was not clear 
enough to properly analyze.  Gaining an understanding of the 
model mechanics would have required inordinate time resources. 
Although the model could not be analyzed, the reviewers agree that 
it is critical for the model to be analyzed in detail. Consequently, 
the model review was performed by the NCSU team.  However, 
they found that the model documentation in the report as well as in 
the code of the model was insufficient to evaluate accuracy and 
plausibility of the model mechanics. 
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Appropriateness of 
Modeling Techniques 
(Model Mathematics 7 and Equations) 


The reviewers’ main concern is the lack of adequate information 
about the model structure, equations, techniques, and other 
components.  We number their comments to differentiate them. 

1) It may be the case that the BSE model appropriately 
simulates the possible sources and pathways of the animal or 
human exposed to the infected BSE products when BSE is 
introduced into the U.S, and the possible measures to decrease the 
exposure and spread of BSE during the slaughter process and 
rendering and field production process. However, there is no 
documentation of the analytical approach used in the model; 
therefore, an assessment of the appropriateness of the simulation 
model is extremely difficult.  The development of the BSE model 
appears to follow the general model development approach, 
including model conceptualization and model design, employed by 
the Michigan Department of Environmental Quality (Michigan DEQ, 
2002). However, details regarding the analytical approach are 
lacking. 

We did not find mathematical equations to describe the BSE 
simulation model in the report or any other documents available. 
Though there are some limited descriptions about the simulation 
model in the report, these are not specific or clear enough.  For 
example: (1) What are the mathematical equations in the 
simulation model? (2) What are the exposure assessment models? 
(3) Do they correctly represent the simulation process? (4) What are 
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the dose-response equations? (5) How are the risks calculated based 
upon exposure assessment and dose-response relationship? 

Therefore, these reviewers strongly recommend that the model 
developers provide the detailed information on the BSE model in 
the report, including all mathematical equations used to represent 
the lifecycle of cattle, exposure pathways, slaughter processes, 
rendering and feed production process, exposure assessment, dose-
response relationship, the process by which humans consume or are 
exposed to the infected materials or products, and risk 
characterization. 

2) For the sensitivity analysis, the authors chose a specific 
selection out of a huge number of parameters.  An explanation of 
why other parameters were not assessed should be included.  There 
were a few parameters that were not tested but may give interesting 
results.  A Spanish hypercube method may also be worth doing. 

3) It is very unclear up to what level stochasticity is 
incorporated into the model; this should be explained in the report. 
Given the methods, it seems likely that major parts of the model use 
a deterministic calculation and only “critical parts” are worked out 
fully stochastically.  An explanation of that system and why it was 
chosen would be helpful. More detail about the precise calculation 
method would be worthwhile, especially for stochastic components.  

4) Why was the stopping criterion of 1,000 runs used for the 
simulation runs? Did the model always converge at 1,000 runs? 
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8
Appropriate 
Characterization of 

 the Risks 

The reviewers believe that qualitatively the risks have been 
appropriately characterized; however, because modeling comprises 
most of this risk assessment, the quantitative aspect is of interest. 
The reviewers’ general impression is that the results of the modeling 
exercise may underestimate potential problems.  The reviewers list a 
few issues that may lead to miscalculation or misspecification of the 
risk.  We number their comments to differentiate them. 

1) In terms of procedures or approaches used in the BSE risk 
assessment, the BSE model correctly and appropriately followed the 
general risk assessment procedures (NRC, 1994). However, as 
mentioned in previous sections of this review, because there is no 
detail on the analytical exposure assessment models, dose-response 
function, and risk characterization models, it cannot be determined 
if these models are correctly implemented and how risk is 
characterized based upon exposure and dose-response assessment.  

2) The underestimation of the risk can be seen most clearly 
from the “validation” with the Swiss data:  at first it looks as if the 
model really fits very well to this data set. However, a more 
thorough assessment shows that the model underestimates the 
problem enormously, because the recent active surveillance for BSE 
in the EU has shown that only about 10 percent of the test-
detectable BSE cases were actually reported and found in the 
normal passive surveillance with obligatory reporting (also reported 
by Doherr).  This would suggest that the true number of cases in the 
Swiss epidemic will have been much higher than the actual 
detected number to which this model was compared.  Unpublished 
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modeling results of Cohen et al. can show more accurate numbers 
on the BSE cases.  The model validation would have been more 
valuable if the model could have shown an epidemic pattern over 
time, which allows for a far more comparable result than the total 
number of cases over time.  The model may/does give these results, 
but it cannot be seen or understood from the report. 

3) The reviewers are concerned about how the H-T BSE study 
authors addressed the minutiae.  The prime example is the treatment 
of emboli following stunning.  This possible means of contaminating 
carcasses has been an issue for Great Britain where, obviously, the 
incidence of BSE has been considerably greater than elsewhere. 
One has the impression that this source of carcass contamination is 
included because there are a few papers on this. The outcome is 
apparently that the relative risk for the human population is 
considered in the analysis/simulation, but the readers wonder if a 
few minor aspects have been disproportionately emphasized.  Also, 
see the general comment on the level of detail. In such a large and 
politically important disease problem, there is bound to be a body 
of unpublished research results and synthesis, which can be 
included in the study to make it more comprehensive and up to 
date.  

4) In a similar vein, one is concerned with the somewhat 
theoretical approach used for what could be summarized as the 
nonadherence of the Food and Drug Administration (FDA’s) MBM 
ban.  This seems to be based rather simply on the views of industry-
based advisors of where things go wrong rather than an analysis of 
how accidental or illegal contamination and therefore exposure 
could occur.  The basic and difficult problem of the relatively small 
amount (<1g) of infected material required to infect cattle seems to 
have been ignored and perhaps not appreciated (see comment 12, 
Section 4.2).  A fuller, more field-based analysis, together with an 
examination of the problems encountered in Great Britain, would 
be helpful.  This would have overcome the problem that it was 
apparently not possible to monitor the effectiveness of the FDA’s 
ban. Logically, there was no way of “policing” this ban, because no 
means of surveillance to detect illegal ingredients was available. 
Moreover, the legislation banning MBM was selective and left a 
number of potential loopholes, which meant that a means of 
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surveillance to detect nonadherence to the statutory ban was 
important. 

5) In discussing slaughter rate on Page 49, it should be noted 
that dairy cows are culled primarily for reproductive and production 
reasons. 

6) In discussing BSE dose-response on Page 50, the authors 
write about a hypothetical alternative sigmoid dose-response (end of 
first paragraph).  However, how and whether it was used is not 
mentioned.  Also, it is stated that there is no direct evidence of BSE 
transmission from cow to calf in discussing maternal transmission. 
But why it was used anyway is not justified.  Also, the authors state 
that the base case assumes calves are born to infected cows during 
the last one-sixth of the incubation period, but they state earlier that 
the incubation period was between months and years.  So, 
specifically, what cut-off point was used? 
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Identification and 
Characterization of 

Variability, 
Uncertainty, Critical  
Assumptions, and9 Data Gaps 


Although generally several comments can be relevant to this topic, 
we provide only specific comments on variability, uncertainty, 
critical assumptions, and data gaps that mainly influence the risk. 
We number their comments to differentiate the them. 

9.1	 KEY SOURCES OF VARIABILITY AND 
UNCERTAINTY 
1) In Section 3.2 of the H-T BSE study report, the authors list 15 
sources of uncertainty that they evaluated individually for influences 
on the model predictions for two outcomes: 

Z the total number of cattle that become infected after the 
introduction of 10 infected animals at the beginning of the 
period, and 

Z the amount of BSE infectivity (quantified in terms of the 
number of cattle oral ID50s) in food produced for human 
consumption over that period. 

In addition to varying the parameters to reflect a best case and 
worse case, the authors considered the impact of different sources 
of infection on the model’s predictions, described in Section 3, 
Pages 71-79 and compared the model’s predictions with alternative 
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scenarios.  The parameters evaluated in the sensitivity (uncertainty) 
analysis are listed in detail in the synopsis. 

2) The method used for evaluating the contributions of 
uncertainty in inputs to uncertainty in model predications has key 
shortcomings.  The chosen method in the BSE risk assessment model 
is to evaluate the influence of one individual uncertainty source 
while setting all of the other assumptions or uncertainty sources to 
their base-case values.  For example, when considering the impact 
of the uncertainty in maternal BSE transmission rate on the model 
prediction, the other 14 uncertainty sources are set to their base-
case point estimates.  This kind of analysis should be referred to as 
“sensitivity analysis,” not as “uncertainty analysis” as described in 
the report.  Although uncertainty analysis and sensitivity analysis are 
closely related, they are two different disciplines. Uncertainty 
analysis assesses the uncertainty in model outputs that derives from 
uncertainty in all inputs when simulated simultaneously. Sensitivity 
Analysis assesses the contributions of the inputs to the total 
uncertainty in analysis outcomes (Cullen and Frey, 1999). 
Therefore, the results from the BSE model “uncertainty analysis” do 
not represent the full range of uncertainty in the risk of animal or 
human exposed to BSE associated with simultaneous contributions 
from all uncertainty inputs.  Instead, what is reported is an 
individual contribution of one uncertainty input to the partial 
uncertainty in the model output, the risk such as associated with 
animal or human exposure to BSE. 

3) Variability refers to the heterogeneity of values with respect 
to time, space, or a population.  For example, in exposure 
assessment, variable quantities include the rate at which individuals 
consume specific dietary items and the body weights of the 
individuals (Cullen and Frey, 1999).  Variability can be represented 
by a frequency distribution showing the variation in a characteristic 
of interest over time, space.  Uncertainty arises due to lack of 
knowledge regarding the true value of a quantity. For example, 
there may be uncertainty regarding the proportion of animals that 
die on the farm that are rendered.  Uncertainty can be quantified as 
a probability distribution representing the likelihood that the 
unknown quantity falls within a given range of values (Frey, 1997). 

Although the BSE model evaluates the impact of how comparison of 
various uncertainty sources influences the model predication, there 
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is no distinction between variability and uncertainty in the model 
inputs or outputs. In typical practice, in an exposure or risk 
assessment model, the model inputs can be divided into those that 
are variable, those that are uncertain, and those with some aspects 
of each (Bogen and Spear, 1987; IAEA, 1989; Morgan and Henrion, 
1990; Finkel, 1990; Frey, 1992).  For example, in the BSE model, 
maternal BSE transmission rate is variable across different mothers, 
but it is also uncertain because there is no knowledge regarding its 
true value. It is not possible to determine whether there are 
variables that are misspecified as uncertain that instead should have 
been arranged distribution for variability because there is not 
enough description of the characteristics of most of the input 
variables.  Therefore, based upon the information presented in the 
model documentation, it is not possible to determine which inputs 
should be arranged distributions for variability and/or uncertainty. 

Variability and uncertainty have different ramifications for decision-
makers (Cullen and Frey, 1999).  Uncertainty forces decision-
makers to judge how probable it is that risks will be overestimated 
or underestimated for every member of the exposed population, 
whereas variability forces them to cope with the certainty that 
different individuals will be subjected to risks both above and below 
any reference point one chooses (NRC, 1994).  Therefore, it is 
recommended that both sources of variability and uncertainty be 
identified and distinguished and that variability and uncertainty 
analysis be done in the BSE risk assessment model. 

4) In Section 2, at the beginning of Page 26, the authors state 
the uncertainty in ascertaining the potential risk posed by oral 
exposure to Chronic Wasting Disease (CWD): 

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 areas is unknown. 

The authors have found no data for key sources of uncertainty. 
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5) On Page 55 at the end of the first paragraph, the authors 
state, “Our base case assumes that clinical BSE cases would be 
detected at AM inspection 90 percent of the time.  Because this 
value is highly uncertain, our uncertainty analysis evaluates the 
impact of using a wide range of values on the results of our 
simulation (see Section 3.2.2).” However, it was found that only 
two values were evaluated.  

6) Table 2.18-1 (Appendix 1, Page 31) specifies joint 
probability as a percentage but Table 2.2.2.3 (Appendix 2, Page 8) 
specifies it as a probability.  (Also, the reviewers wonder if the 
decimal point is in the correct place.)  Consistency among the units 
or measures of the probability would be nice. 

7) The authors have done a sensitivity analysis where they 
altered the parameter values one at a time to determine the effect on 
the model’s predictions, varied values defining the source of 
infectivity to determine the effect on the model’s predictions, and 
compared the model’s prediction for other scenarios.  These are all 
important means to determine the model’s behavior and reliability. 
The sources of variability are largely only considered individually, 
so synergistic effects cannot be assessed.  The authors have been 
careful to select “reasonable” values for the best and worst cases, 
but allowing a greater range of variability would provide a better 
understanding of the behavior of the model and its stability. 

8) Key sources of variability that have been omitted are 
accidents that can sometimes happen and the intentional 
introduction of prions to feed or water; and a long-term change in 
practices by producers, processing establishments, and/or renderers 
that might result in prolonged exposure. Because of these 
omissions, one may wonder whether a more parsimonious model 
might be as predictive. 

9) In the case of variability and uncertainty, the risk of infection 
through imported animals is addressed in a defensible manner, even 
though the probability of this incursion is not estimated. However, 
the age at infection ignores the information and the uncertainty of 
the incubation period and is not addressed.  The summary of these 
aspects, perhaps somewhat harshly, is that the synthesis and critical 
review of the literature needs more attention. 
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10) Little information regarding the distributions of BSE model 
inputs and simulation techniques was provided for the so-called 
“uncertainty analysis.”  Therefore, key questions that should be 
addressed include the following: (1) How was the value of an input 
altered? (2) What sampling techniques were used? It is necessary to 
clearly list the distribution assumptions and parameters (if used) and 
to clearly describe related simulation techniques when doing 
uncertainty analysis.  The description in the report regarding the 
“uncertainty analysis” of the BSE model is not clear enough for users 
or reviewers to understand how the “uncertainty analysis” (if any) is 
done. 

9.2 CRITICAL ASSUMPTIONS  
1) Surveillance efficiency, recognition rate of “clinical cases,” 
and level of inactivation by local rendering are overestimated.  Also, 
with respect to recognition rate (where only the very typical cases 
will be recognized), it is assumed that 90 percent (in the case of 
worst case, 50 percent) of the BSE clinical cases will be detected in 
the ante-mortem inspection, which is way off from the general 
feeling in the EU on this topic. 

2) In discussing fracContaminate on Page 16, Appendix 1, the 
authors state that flushing and cleaning leave only 0.1 percent of the 
prohibited material behind.  This cross-contamination as compared 
to European demonstrated rates is grossly underestimated, unless 
flushing and cleaning are done in a very different (and probably 
uneconomical) way. 

3) The readability of the report could be improved by 
tabulating all assumptions, as was done for the slaughter process 
assumptions (Table 3-8, Page 68) and the render and feed 
production assumptions (Table 3-9, Page 69). On Page 67 (second 
paragraph, first line), the authors refer to 15 sets of assumptions, but 
present only seven bullets (does a bullet represent a set?).  If each 
item within a bullet is summed, 17 assumptions can be identified. 
Also, the authors set parameters to three values:  base case, best 
case, and worst case.  But the justification for the specific values 
assigned is weak, because little data are available.  Without hard 
data, the detailed list of assumptions for this process has heuristic 
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value but does not particularly strengthen the predictive value of the 
model. 

4) The authors assume that “conditions affecting the spread of 
BSE in the U.S. would remain unchanged for the 20 years following 
its introduction” (Executive summary, Page i, third paragraph, sixth 
line).  This is a huge assumption and probably unrealistic.  As with 
most agents of disease, especially newly discovered agents 
(emerging diseases), prevalence increases over time largely because 
of more and improved testing over time.  This has not been 
incorporated into the model.  Often, agents, once thought rare, are 
found to be ubiquitous (e.g., E. coli O157:H7).  The public health 
goal then is to prevent the agents from spreading or accumulating in 
critical locations, including animals, during critical periods of time.  

9.3 IMPORTANT DATA GAPS 
1) The authors state, “There exist considerable data gaps for 
many important model assumptions” (Page 87).  The authors have 
done a commendable job of incorporating the available data, but 
this also has limited the scope of the model and/or has resulted in 
giving certain factors more weight (a larger contribution to the 
results) than perhaps is warranted.  

2) On Pages 22 and 23 the introduction risks are discussed.  
The import of risk material from the UK is assessed properly, but the 
import of risk material from third countries seems largely ignored. 
The EU concluded long ago that lots of risk material from the UK 
was transported via third countries. Switzerland, for example, 
mainly got infected via France not directly from the UK.  Thus, the 
introduction risk is probably underestimated, although it is plausible 
that this risk still remains very low. 

3) An analysis of all imported MBM and feed in the 1980s 
would be welcomed.  Confirming evidence that imported MBM was 
only used in pet food would also be useful.  

4) “Tallow” at least deserves some more comments (Page 34), 
given the fact that traces of protein are certainly in there and that 
international flow of these products is even more difficult to 
quantify.  
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10

Usefulness of the 
Results for Risk  
Management 

Reviewers had concerns regarding omission of certain factors and 
overemphasis of a few.  For example, the model considers the rare 
scenario of pneumatic stunning but ignores the more plausible 
bioterrorism scenario.  We number the reviewers’ comments to 
differentiate them.  

1) Because there have been extensive evaluations of the BSE 
sources leading to the possible BSE infectivity, different scenarios, 
and various risk management strategies, the results from the BSE risk 
assessment model can be useful to some extent for risk managers to 
evaluate options and select strategies to manage the risk of animals 
or humans exposed to the infected BSE products or materials if 
results from the BSE model are correct.  For example, the BSE risk 
assessment model was used to evaluate the effect of the 
implementation of specified risk material bans on potential human 
exposure of BSE.  The results from these analyses indicate that there 
is a dramatic effect if the bans were used, which provided 
implication for risk managers in determining whether the bans 
should be implemented.  From the base-case analysis, it was found 
that the greatest potential source of infectivity in the feed system is 
animals that die on the farm and are rendered.  These results will be 
helpful for risk managers in selecting the appropriate management 
strategies in order to reduce the potential risk of animal or human 
exposed to BSE.  For example, in this case, information from the risk 
analysis results will help risk managers determine whether it is 
necessary to prohibit the rendering of animals that die on the farm. 
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However, because the BSE model could not distinguish between 
variability and uncertainty, and because not enough documentation 
is given to show if the BSE model is correctly implemented, the 
accuracy of risk analysis results from the BSE model needs further 
evaluation; therefore, the implications for risk management are 
limited. For example, key questions that should be addressed in the 
documentation include:  (1) How do we know that the results are 
correct? (2) What is the variability across different individuals or 
different scenarios? (3) What is the uncertainty in model outputs that 
derives from uncertainty in all inputs? 

2) The strength of the H-T BSE study is in offering a tool to 
characterize measures that can potentially contribute to reduce 
spread of BSE infectivity.  Also, it helps in identifying pathways or 
practices that could contribute most to the spread of a potentially 
introduced infectivity.  As such, the model and its application are 
very useful.  

3) A model is relevant if it leads or might lead to a different 
conclusion or reaffirms a previous conclusion.  The model tells us 
no more than our current experience tells us. No BSE has been 
detected in the U.S. currently, nor is it likely to occur given existing 
practices, so it is not surprising that results of the simulations reveal 
that the risk is low, especially when the assumptions are based on 
mistakes in rendering and other practices.  

4) The risk management aspects have been adopted from 
measures instituted in other countries, notably driven by those in 
the UK and more latterly in the European Union member states.  
The various effects of the risk management procedures have been 
assessed in quantitative terms where possible and those with the 
most uncertainty identified, notably the misfeeding rate.  The risk 
management practice of preventing the importation of feedstuffs 
potentially contaminated with meat and bone meal has not been 
addressed.  Similarly, there is no assessment of the true adherence 
of the “FDA feed ban” or suggestions as to how this could be 
assessed in light of the analytical treatment of the potential leakage 
of infected material in the risk assessment model.  This said, 
consideration has been given to assessing the relative effects of the 
risk management practices included in the model. 
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5) The model presents the regulations and “prevailing” 
production and processing practices only in general terms.  No 
regulations appear in the model in detail, and the consequences of 
changes in regulation only could affect, for instance, the crude 
probability that a BSE-infected animal of a given age passed 
inspection. Likewise, no regulation factors for rendered material are 
included in the model, only probabilities that rendering mistakes are 
made.  Emphasis has been placed on practices that increase risk but 
not on factors that may reduce risk.  The model would have greater 
value if the authors had included factors that would allow questions 
that ask, “what if regulations are changed?”  How would such 
changes in regulation reduce the likelihood of prion accumulation 
and spread? What are the links between regulation and risk?  What 
effect would testing cows before parturition have on the variable 
ProbTrans?  

6) As with most agents of disease, especially newly discovered 
agents (emerging diseases), prevalence increases over time largely 
because of more and improved testing over time.  Regulations and 
practices also can change.  This has not been incorporated into the 
model. 

Further, the activities of many researchers are focused on 
developing diagnostic tests to detect the agents, products of the 
agents, or factors associated with the agents.  The model does not 
include the probability that such diagnostic tests will become 
available during the period simulated. 

7) Although the risk of BSE in the U.S. currently appears to be 
low, but one of the goals of model building can be to think outside 
the box—to test plausible, even if unlikely, assumptions.  
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11
 User Friendliness of  
 the Model 

The model is helpful to the user if the model and its documentation 
are adequate to allow individuals to conduct “what if” calculations.  
Here, we present reviewers’ comments about proper interpretation 
of the model’s capability and how to make the model more useful. 
We number the reviewers’ comments to differentiate them. 

1) Based on the information in the file “Data File 
Documentation” and the reviewers’ understanding of the source 
code, the BSE simulator is a DOS-based application and was 
developed under the Microsoft Visual C++ integrated development 
environment.  Since it is a DOS-based application, command line 
prompts must be provided to users to run the simulator.  These 
reviewers noticed that some prompt messages and error-handling 
measures are provided for users to complete the “what-if” inputs 
and calculations by command line prompts.  The information might 
be enough if users strictly follow the input requirements and do not 
make any mistakes in preparing the inputs. 

2) A good risk analysis includes risk communication, which 
needs improving in this manuscript. For a user to conduct “what if” 
experiments, the user would require access to the program and a 
user interface to modify the parameters.  The user also would need 
some flexibility in modifying the inputs and outputs, which would 
require the user to be able to modify the code or add parameters 
through a user interface. 

3) Many values of factors are binomial (step functions). The 
model does not allow the user to evaluate how the results are 
altered when the factors are allowed to vary on a continuous scale. 
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4) The authors need to qualify many of their statements so that 
the reader is not misled into thinking that the simulation results are 
fact.  Following are several examples from the second and third 
paragraphs in the executive summary. 

Z The authors claim (Paragraph 2), “Our model allows us to 
predict, for example, the number of newly infected animals 
that should result from introduction of BSE, the time course 
of the disease, following its introduction, and the potential 
for human exposure to infectious tissue.”  The predictive 
value and accuracy of the model is only as good as the 
assumptions on which it is based. 

Z The authors state (Paragraph 3), “our analysis finds that the 
U.S. is highly resistant to any introduction of BSE or a similar 
disease.”  However, a qualifying statement at the end of the 
sentence is needed, such as:  “…by the means and levels 
assumed.”  Also, it is dangerous to extrapolate to a similar 
disease. 

Z The authors state (Paragraph 3) that BSE is extremely 
unlikely to become established in the U.S.  However, the 
disease does not have to become established to have a 
devastating effect on consumer confidence, world trade, and 
the economy. 

Z The authors claim (Paragraph 3), “… there appears to be no 
potential for an epidemic of BSE resulting from scrape, 
chronic wasting disease, or other cross-species 
transmission…”  Such categorical denials cannot be proved 
based on assumptions.  Therefore, the word no should be 
replaced with the word little. 

Z The authors state (Paragraph 3), “… on average only three 
new cases of BSE would occur.”  Authors need to include 
over what period of time. 

5) In general, a distributed software tool should have clear 
documents such as a “Readme” file and a user manual to guide 
users to install the software onto users’ local machines, and to help 
users to use the tool.  These documents should clearly state the 
operating or support environment required for user machines to run 
the software tool, and the documents should be provided in the CD 
where users can easily access or find them.  Such documents and 
files were not provided in the CD.  These reviewers recommend that 
the authors of the software reorganize the installation CD and 
prepare a “Readme” file and user manual.  The “Readme” file and 
user manual should include (1) more detailed introductions on the 
installation of the BSE simulator and requirements for the software 
and hardware environment to run the model; (2) a guide on how to 
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use the BSE simulator; and (3) the error-handling information in case 
errors occur when running the BSE simulator. 

6) Attempts at using what was provided on the CD were 
disappointing.  What is definitely required is a CD formatted such 
that it self loads and takes the user to the manual for use. 
Alternatively the CD could be provided with a hard copy 
guide/manual.  Instead what is provided is a CD with a series of files 
and folders, which takes an inordinate amount of time to 
comprehend. 

7) The model is, perhaps inevitably, complex in terms of the 
number of variables and “parameters.”  The authors state (last 
paragraph on Page 100): the model can also be used to evaluate 
hypotheses about sources and factors influencing the BSE spread.  
This is impossible to assess with any certainty. Only the original 
developers of the model could easily add sources. 

The model may not be entirely relevant for risk assessments in other 
countries because of the U.S.-specific aspects, notably the way 
“misfeeding” is addressed in terms of noncompliance with the “FDA 
feed ban.” 

With this type of simulation, a new user may have to conduct a 
relatively large number of runs to determine the effects of the 
interactions within the model when changes to input values are 
made.  It does seem that the authors have adopted this multirun 
approach themselves.  This is not an adverse criticism necessarily 
because this type of approach can obviously be helpful. However, 
if additions to the model were made, then a fairly substantial block 
of work would be necessary to examine the consequences. 

8) For input requirements to run the simulator, many 
requirements are specified in the file “Data File Documentation,” 
such as, “All user-defined parameters are stored in a series of ASCII 
text files.  Although neither the name or number of files used to 
specify the parameters matter, all text files containing a parameter 
definition must be listed in a single text file, and the file containing 
this list must be located in the directory from which the simulation 
is executed, and it must be provided to the simulator as its sole 
argument from the DOS command line . . . all top level elements 
must appear exactly once in the set of parameter files provided by 
the user. . . .” These instructions include many “must” statements, 
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which implies that the input format requirements are rather strict 
and any mistakes that users make in preparing the input parameter 
files will lead to failure in running the simulator. In addition, the 
instructions mentioned a few times that “the user must create a text 
file listing all the parameter files” in the document; however, how 
many is meant by “all”?  This information is not shown in the report 
nor in any other documents.  

Based on the experience of the reviewers’ running the simulator, it 
is very tedious and frustrating to prepare such input files and it will 
take users much time to correctly prepare the input files in order to 
run the simulator. Therefore, these reviewers infer that the BSE 
simulator is not user-friendly, especially with regard to user data 
input.  Although it is a DOS-based application, there are better 
approaches to allow users to easily run the simulator.  For example, 
pure command line prompts guiding users to input parameters are 
better than organizing a series of text files with strict format 
requirements. 

Based on the reviewers’ experience in using and developing Visual 
C++ programs, a main advantage of Visual C++ is that it provides a 
very strong graphical user interface and programming features and 
an easy way for software developers to create a graphical user 
interface software tool. In general, a software tool with a graphical 
user interface is more friendly. 

Much of source code in the BSE simulator is used for data inputs 
and error handling of input parameters or files.  Based on the 
reviewers’ experience, the time spent in writing those codes is 
enough to develop a very good graphical user interface to help 
users input parameters of the model and to present the outputs from 
the model.  Therefore, it is suggested that the BSE simulator have a 
graphical user interface to allow users to more easily input the 
parameters.  

9) A problem with the H-T BSE study is that, although each 
parameter is defined and values specified, the formulae that 
incorporate the parameters are not specified.  Perhaps if one 
examined the computer code, this information could be learned, 
but this information in the written document can be easily 
communicated to the reader. 
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10) An executable program called Madcow.exe and its C++ 
source code were provided on the CD.  Although it was not in these 
reviewers’ scope to check the correctness of the source code and to 
verify the BSE simulator, a review of the source code was attempted. 
Since there are no documents that describe the structure design of 
the simulator and the logical relationship between the different C++ 
class files, and because there are not enough comments in the 
source code, it is impossible for a reviewer to understand the design 
and internal structure of the BSE simulator. 

The development of a software tool often involves the following 
procedures: requirements analysis, structure design, coding, and 
verification (testing) (Darnell and Margolis, 1996). A conceptual 
structure design and a comprehensive verification are necessary for 
any software implementation of simulation models.  The former will 
help a software tester and users to understand a software tool and 
the models inherent in the software tool.  The latter will ensure that 
the models inherent in the tool and algorithms used in the models 
are correctly implemented.  However, in the documents available, 
no such documents were found.  Thus, the following questions 
could not be answered: (1) What is the structure design of the BSE 
simulator? (2) Has the BSE simulator been verified? If it has, a 
verification report should be provided so that the users can have 
evidence that the results from the BSE simulator are correct. If the 
software has not been verified, how do developers know the 
algorithms in the simulator are correctly implemented?  Therefore, 
these reviewers recommend that a comprehensive verification 
process be done.  The verification process should include 
algorithms, data, coding, input/output, and other necessary 
verification procedures. A verification report should be provided for 
reviewers to evaluate the correctness of implementation of the BSE 
simulator.  Inclusion of a conceptual structure design report is 
recommended so that the software testers or reviewer can 
understand the basic structure of the simulator and logical 
relationships between different components.  
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12 Editorial Comments 


To improve the quality of the draft, the reviewers provided their 
editorial comments and comments on writing style and other 
aspects of the report.  The list below is not exhaustive, but it can be 
used as a guideline. 

1)	 In Section 2.1, “Creutzfeldt” is mistyped, as is

“Scheinker,” the latter occurs later also.


2)	 The word “the” is used unnecessarily throughout the 
report. 

3)	 The word “similarly” is used often as a nonsequencer. 

4)	 Replace “all of the” with “all.” 

5)	 Change “might also be” to “also might be”; “has also 
been” to “also has been”; “is also” to “also is.” 

6)	 The authors sometimes speak of disease when they mean 
the disease agent. 

7)	 The authors sometimes are confused about the “species 
barrier”:  species barriers do not compromise (Page 8). 

8)	 Eliminate unnecessary words: replace “by the fact that” 
with “because” (e.g., Page 13, 34, 48 [twice], 62); “There 
has been no” (page 24). 

9)	 Word order:  change “be readily deactivated” to “be 
deactivated readily” (Page 35) 

10)	 Avoid “etc.” (e.g., Page 65) and “among others” (page 
61)—instead, specify list. 

11)	 The word “packet” is jargon—needs to be defined or an 
alternate word used (Page 63). 

12)	 Table 3-6 (Page 65) Mistake in description of misfed.  In 
Table 3-7, description of spinal cord, “label” should be 
“labeled.”  In Table 3-7, description of blood, sensitivity 
analysis does not investigate, people investigate. In Table 
3-7, why is air-injected pneumatic stunning not reflected 
in the base case, other than it is not used widely since 
recent government recommendations have been issued? 
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Why is it assumed that “steaming or washing” does not 
reduce contamination? Most processing establishments, 
after removal of the spinal cord, steam vacuum the 
channel and surrounding tissue.  Do the authors have 
evidence that this is ineffectual? 

13) Section 3.2.7, first sentence, Page 71:  Replace “… prior 
to the passage of 50 percent of the period” with “until”; 
replace “…but that after that time…” with “when.” 
Paragraph is confusing and should be rewritten. 

14) The authors imply that there is substantial variation across 
age groups, but they do not provide the evidence (e.g., 
Page 71, last sentence).  However, it is observed that 
people as young as 19 years of age have died of CJD.  To 
use crude estimates of age-specific rates in humans as an 
estimate for cattle, even with “adjustments” is too much 
extrapolation.  These are guesses and again point for the 
need for data.  On Page 72, authors state, “… cattle muse 
reflect the age structure of the disease” — needs 
qualification statement. 

15) On Page 73 (Note b, Table 3.1.1), why did the authors 
assume that a spontaneous CJD case observed in a young 
child was erroneous? 

16) On page 73 (last line), the authors state they have 
simulated the introduction of 1, 5, 20, 50, 200, and 500 
12-month old female dairy cows. Why were these 
numbers selected?  Why were only dairy cows 
considered? 

17) Why was the value 600 ID50 selected (Page 75, first line). 
Choice of word “ensure,” second line Page 75, is 
confusing. 

18) Spelling error (Page 103, fourth reference, Collinge et al. 
(1997) “Prion” misspelled. 

19) Page 4, Appendix 1:  under comment of <probTrans>, 
“he” should be “the.” 

20) Page 45, Appendix 1:  What are the appropriate 
significant numbers? Is it relevant to carry out the decimal 
to six places? 

21) Appendix 3A (Table of contents):  Same labels for tables 
should be used as in table of contents 

22) Appendix 3A.  Abbreviations in table should be defined as 
well as units of measurement. 

23) Spelling error (Appendix 3A, TOC, Section 2.5): “Dieing” 
should be “dying.” 

24) Appendix 3A:  In the tables, why are only the “Disposition 
of ID50s” numbered and not other outputs? 

25) In Appendix 3A Table: Unsure of what variables in the 
list of variables in tables correspond to figures labeled 
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ID50s to cattle and ID50s to humans.  Also, is “number of 
cattle infected” the same as “total infected” or “total 
infected w/o imports”? 

26)	 Why does it appear that so many values exceed the 95th 

percentile in the box and whisker graphs in Appendix 3B? 

27)	 “Non-ambulatory” is the preferred term for “Downer.” 
Though both terms could be used interchangeably, using 
non-ambulatory is recommended. 

28)	 Please give page numbers when referencing the 
appendices. 
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PHDVXUHPHQWV��DQG�VWDWLVWLFDO�DQDO\VLV�•�&RQVWUXFWHG�GDWD�FDSWXUH�DQG�DQDO\VLV�V\VWHP�•�6XSHUYLVHG�VWDII�RI�QLQH� 
FRPSXWHU� VHUYLFHV� SHUVRQQHO� •� 5HVSRQVLEOH� IRU� TXDOLW\� FRQWURO� RI� DOO� GDWD� FDSWXUH� DQG� DQDO\VLV·V� DFFRUGLQJ� WR� 
JXLGHOLQHV�RI�*RRG�/DERUDWRU\�3UDFWLFHV�$FW��� 
� 
� 

)22'�$1,0$/�+($/7+�	�0$1$*(0(17�&(17(5���&2//(*(�2)�9(7(5,1$5<�0(',&,1(��� 
.$16$6�67$7(�81,9(56,7<���-����026,(5�+$//��������'(1,621�$9(18(��� 

�0$1+$77$1��.6���������2IILFH�������������������)$;�������������������JDOODQG#YHW�NVX�HGX� 
+RPH�������6QRZ\�5HDFK���0DQKDWWDQ��.6����������������������� 
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�����²����� 'LUHFWRU� &RPSXWHU�6HUYLFHV� 
9HWHULQDU\�0HGLFDO�7HDFKLQJ�DQG�5HVHDUFK�&HQWHU� 
8QLYHUVLW\�RI�&DOLIRUQLD�'DYLV��7XODUH��&$� 

� 
&UHDWHG�QHWZRUNHG�FRPSXWHU�ODERUDWRU\�•�5HVSRQVLEOH�IRU�GHYHORSPHQW�RI�DQDO\WLFDO�DQG�VWDWLVWLFDO�PHWKRGV�RI�GDWD� 
DQDO\VLV� •� 5HVSRQVLEOH� IRU� GHYHORSPHQW�� GHVLJQ�� FRGLQJ�� GHEXJJLQJ�� GRFXPHQWDWLRQ�� PDLQWHQDQFH�� DQG� UXQQLQJ� RI� 
SURJUDPV� IRU� IDFXOW\� DQG� JUDGXDWH�  UHVHDUFK� •� 6WDWLVWLFDO� FRQVXOWDQW� •� 6$6� SURJUDPPLQJ�  •� %XGJHW� ZULWLQJ� DQG� 
PDQDJHPHQW�� 

�����²����� 5HVHDUFK�$VVRFLDWH�DQG� :LOGOLIH�)LVKHULHV�%LRORJ\� 
/HFWXUHU 8QLYHUVLW\�RI�&DOLIRUQLD�'DYLV��'DYLV��&$� 

� 
7DXJKW� XSSHU� GLYLVLRQ� ZLOGOLIH�ILVKHULHV� FRXUVH� LQ� EHKDYLRUDO� HFRORJ\�•� 'HYHORSHG� FRPSXWHU� PRGHOV� WR� VLPXODWH� 
GLVWULEXWLRQ��PRYHPHQW�DQG�VL]H�RI�DQLPDO�JURXSV�� 
� 
�����²���� &KDLUPDQ� 6FLHQFH�'HSDUWPHQW� 

(YHUJUHHQ�+LJK�6FKRRO� 
-HIIHUVRQ�&RXQW\�3XEOLF�6FKRROV��/DNHZRRG��&2� 

� 
'HYHORSHG� DQG� FRRUGLQDWHG� ODUJH� KLJK� VFKRRO� VFLHQFH� SURJUDP� •� 'HYHORSHG� DQG� WDXJKW� DZDUG�ZLQQLQJ� FRXUVH� IRU� 
XSSHU�OHYHO� VWXGHQWV� WR� OHDUQ� KRZ� NQRZOHGJH� LV�DFTXLUHG� WKURXJK� VFLHQWLILF� UHVHDUFK�•�7UDLQHG�VWXGHQWV� LQ�UHVHDUFK�  
VNLOOV�VXFK�DV�H[SHULPHQWDO�GHVLJQ�DQG�VWDWLVWLFV�•�$FTXLUHG�JUDQWV�IRU�VWXGHQWV�WR�FRQGXFW�WKHLU�RZQ�UHVHDUFK�ZKLFK�,� 
VXSHUYLVHG�•6WXGHQWV�SUHVHQWHG�WKHLU�FRPSOHWHG�SDSHUV�WR�ORFDO�$FDGHP\�RI�6FLHQFH�•�$EVWUDFWV�ZHUH�SXEOLVKHG�DQG� 
GLVWULEXWHG� WR� SRWHQWLDO� VSRQVRUV� IRU� IROORZLQJ� \HDU� •� 'HYHORSHG� DQG� WDXJKW� FRXUVH� IRU� VWXGHQWV� QRW� PRWLYDWHG� LQ� 
VFLHQFH� •� 6WXGHQWV� DQG� FRPPXQLW\� PHPEHUV� WDFNOHG� SUREOHPV� WKDW� LQYROYHG� VFLHQWLILF� WKLQNLQJ� •� &UHDWHG� DQG�  
GHYHORSHG�ELRORJ\�ODERUDWRULHV�•�(VWDEOLVKHG�VFLHQFH�UHVRXUFH�FHQWHU�•�'HYHORSHG�PXOWLPHGLD�FHQWHU�•�'HVLJQHG�DQG� 
FRQVWUXFWHG�VRODU�JUHHQKRXVH�DQG�DQLPDO�HQFORVXUH� 
� 
�����²����� %LRORJ\�7HDFKHU� *ROGHQ�+LJK�6FKRRO� 

-HIIHUVRQ�&RXQW\�3XEOLF�6FKRROV��/DNHZRRG��&2� 
� 
7DXJKW�ODERUDWRU\�RULHQWHG�%6&6�ELRORJ\�SURJUDP�•�5HFRJQL]HG�IRU�P\�´*UHDW�0HQ�LQ�6FLHQFH�/HFWXUHVµ�LQ�ZKLFK�,� 
SOD\HG� WKH� UROH� RI� 0HQGHO�� /HHXZHQKRHN�� *DOYLQ�� ́ 0U�� :L]DUGµ�� DQG� RWKHUV�� (VWDEOLVKHG� DQG� FRDFKHG� PHQ� DQG� 
ZRPHQ·V�VZLPPLQJ�WHDPV� 
�

('8&$7,21�

� � � � � 
����� 3K�'�� (FRORJ\� 8QLYHUVLW\�RI�&DOLIRUQLD�'DYLV� 'DYLV��&$� 
����� 0�6�� (FRORJ\� 8QLYHUVLW\�RI�&DOLIRUQLD�'DYLV� 'DYLV��&$� 
����� %�$�� (GXFDWLRQ� $GDPV�6WDWH�&ROOHJH� $ODPRVD��&2� 
� 
6(/(&7('�5()(5(('�38%/,&$7,216� 
� � � � � 
*DOODQG�-&�� +\DWW�'5�� &UXSSHU�66�� DQG� $FKHVRQ�':�� 3UHYDOHQFH�� $QWLELRWLF� 

6XVFHSWLELOLW\��DQG�'LYHUVLW\�RI�(VFKHULFKLD�FROL�2����+��,VRODWHV�IURP�D�/RQJLWXGLQDO� 
6WXG\�RI�%HHI�&DWWOH�)HHGORWV��$SS��(QYLURQ��0LFUR���$SULO�������������������������� 
� 

+\DWW�'5�� *DOODQG�-&�� *LOOHVSLH�-5�� 2EHUVW�5'� DQG� 6DUJHDQW�-0�� 8VHIXOQHVV� RI� D� 
&RPPHUFLDOO\�$YDLODEOH�(Q]\PH�,PPXQR�$VVD\�IRU�6KLJD�OLNH�7R[LQV� ,�DQG�,,�DV�D� 
SUHVXPSWLYH�WHVW�RI�(��FROL�2����+��LQ�&DWWOH�)HFHV��-RXUQDO�RI�9HWHULQDU\�'LDJQRVWLF� 
,QYHVWLJDWLRQ��-DQXDU\�������� 
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� 
6DUJHDQW�-0��*LOOHVSLH�-5��2EHUVW�5'��3KHEXV�5.��+\DWW�'5��%RKUD�/.�DQG�*DOODQG�-&�� 

5HVXOWV�  RI� D� ORQJLWXGLQDO�  VWXG\� RI� WKH� SUHYDOHQFH�  RI�(VFKHULFKLD� FROL�  2����+�� RQ�  
FRZ�FDOI� )DUPV�� $PHULFDQ� -RXUQDO� RI� 9HWHULQDU\� 5HVHDUFK�� 1RY� ������ ������������ 
������ 

� 
*DOODQG�-&�� +RXVH�-.�� +\DWW�'5�� +DZNLQV�//�� $QGHUVRQ�19�� ,UZLQ�&.�� DQG� 6PLWK�%3�� 

3UHYDOHQFH� RI� 6DOPRQHOOD� � LQ� %HHI� )HHGHU� 6WHHUV� DV� 'HWHUPLQHG� E\� %DFWHULDO� &XOWXUH� 
DQG� 6DOPRQHOOD� (/,6$� 6HURORJ\�� 6HSWHPEHU� ����� 9RO� ������������ 9HWHULQDU\� 
0LFURELRORJ\�� 

� 
.LPXUD�5�� 0DQGUHOO�5(�� *DOODQG�-&�� +\DWW�'5�� DQG� 5LOH\�/:�� UHVWULFWLRQ� VLWH�VSHFLILF� 

�566��3&5� DV� D� UDSLG� WHVW� WR� GHWHFW� HQWHURKHPRUUKDJLF� (VFKHULFKLD� FROL� 2����+�� 
VWUDLQV�LQ�HQYLURQPHQWDO�VDPSOHV��$SSO��(QYLURQ��0LFURELRO��-XQ�������������������� 

� 
6SLUH�0)��'URXLOODUG�-6��*DOODQG�-&��6DUJHDQW�-0��8VH�RI�LQIUDUHG�WKHUPRJUDSK\�WR�GHWHFW� 

LQIODPPDWLRQ� FDXVHG� E\� FRQWDPLQDWHG� JURZWK� SURPRWDQW� HDU� LPSODQWV� LQ� FDWWOH�� -� 
$P�9HW�0HG�$VVRF�������1RY�������������������� 

� 
1LHWIHOG�-&�� .HOO\�%�� 'ULW]�66�� )HGHU�,�� *DOODQG�-&�� &RPSDULVRQ� RI� FRQYHQWLRQDO� DQG� 

GHOD\HG�VHFRQGDU\�HQULFKPHQW�IRU�LVRODWLRQ�RI�6DOPRQHOOD�VSS��IURP�VZLQH�VDPSOHV��-� 
9HW�'LDJQ�,QYHVW�������-XO���������������� 

� 
*DOODQG�-&��5LVNV�DQG� SUHYHQWLRQ� RI� FRQWDPLQDWLRQ�RI�EHHI�FDUFDVVHV� GXULQJ�WKH� VODXJKWHU� 

SURFHVV�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD��5HY�6FL�7HFK�������$XJ������������������ 
� 

%URZQ�0+��*DOODQG�-&��'DYLGVRQ�+-��%ULJKWPDQ�$+��7KH�3KHQRO�5HG�7KUHDG�WHDU�WHVW�LQ� 
GRJV��9HW�FRPS�RSKWDOPRO��6DQWD�%DUEDUD��&$��9HWHULQDU\�3UDFWLFH�3XE��&R���F������� 
������Y��������S����������� 

� 
*DOODQG�-&� DQG� 0)� 6SLUH�� 8VH� RI� PRFN� SUDFWLFHV� LQ� ODUJH� JURXS� LQVWUXFWLRQ�� �� -RXUQDO� 

9HWHULQDU\�0HGLFDO�(GXFDWLRQ��9ROXPH���������SS��������� 
� 
)LQJODQG�5%��/D\WRQ�&,��.HQQHG\�*$���$�FRPSDULVRQ� RI� VLPSOH� FRQWLQXRXV� YHUVXV� VLPSOH� 

LQWHUUXSWHG� VXWXUH� SDWWHUQV� IRU� WUDFKHDO� DQDVWRPRVLV� DIWHU� ODUJH�VHJPHQW� WUDFKHDO� 
UHVHFWLRQ�LQ�GRJV��9HW�6XUJ�������-XO�$XJ����������������� 

� 
6WRQH�**�� 2EHUVW�5'�� +D\V�03�� 0F9H\�6�� *DOODQG�-&�� &XUWLVV�5��UG�� .HOO\�60�� 

&KHQJDSSD�00�� 'HWHFWLRQ� RI� 6DOPRQHOOD� W\SKLPXULXP� IURP� UHFWDO� VZDEV� RI� 
H[SHULPHQWDOO\� LQIHFWHG� EHDJOHV� E\� VKRUW� FXOWLYDWLRQ� DQG� 3&5�K\EULGL]DWLRQ�� -�&OLQ� 
0LFURELRO�������0D\����������������� 

� 
*DOODQG�-&��,QWHUDFWLYH�0XOWLPHGLD�DQG�&DVH�EDVHG�/HDUQLQJ�LQ�9HWHULQDU\�0HGLFLQH³7KH� 

4XDQWXP�/HDS�$SSURDFK��-RXUQDO�9HWHULQDU\�0HGLFDO�(GXFDWLRQ��9ROXPH��������SS�� 
������� 
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/HDQ�,-��%UXVV�0/��7URXWW�+)��*DOODQG�-&��)DUYHU�7%��5RVWDPL�-��+ROPEHUJ�&$��:HDYHU� 
/'��%RYLQH�NHWRVLV�DQG�VRPDWRWURSKLQ��ULVN�IDFWRUV�IRU�NHWRVLV�DQG�HIIHFWV�RI�NHWRVLV� 
RQ�KHDOWK�DQG�SURGXFWLRQ��5HV�9HW�6FL�������6HS��������������� 

� 
*DOODQG�-&�� 0LFKDHOV�:(�� 7RZDUG� D� &RPSUHKHQVLYH� 0XOWLPHGLD� ,QVWUXFWLRQDO� 'HOLYHU\� 

6\VWHP� IRU� 9HWHULQDU\� 0HGLFLQH�� -RXUQDO� 9HWHULQDU\� 0HGLFDO� (GXFDWLRQ�� 9ROXPH� 
������� 

� 
+DUPV�&$�� +RVNLQVRQ�--�� %UX\HWWH�'6�� &DUSHQWHU�-:�� *DOODQG�-�� 9HDWFK�-.�� :LOVRQ�6&�� 

%DLHU�-*��'HYHORSPHQW� RI� DQ� H[SHULPHQWDO� PRGHO� RI� K\SRWK\URLGLVP� LQ� FRFNDWLHOV� 
�1\PSKLFXV�KROODQGLFXV���$P�-�9HW�5HV�������0DU������������������ 

� 
*DLQHV�-'�� *DOODQG�-��6FKDHIHU�'��1XVEDXP�5��3HVFKHO�'��7KH�HFRQRPLF�HIIHFW� RI� HVWUXV� 

V\QFKURQL]DWLRQ� LQ� EHHI� KHLIHUV� RQ� DYHUDJH� ZHDQLQJ� ZHLJKW� RI� FDOYHV�� 
7KHULRJHQRORJ\�� 6WRQHKDP�� 0DVV�� %XWWHUZRUWK�+HLQHPDQQ�� 0DU� ������ Y�� ��� ���� S�� 
��������� 

� 
*RRGJHU�:-�� )DUYHU�7�� *DOODQG�-�� -DVSHU�'�� 3HOOHWLHU�-�� (IIHFWV� RI� D� KLJK�GHQVLW\� 

LQWUDPDPPDU\� GHYLFH� RQ� PDPPDU\� JODQGV�� SURGXFWLRQ�� DQG� UHSURGXFWLYH� 
SHUIRUPDQFH�LQ�GDLU\�FRZV��-�$P�9HW�0HG�$VVRF�������-XQ����������������������� 

� 
/HDQ�,-�� )DUYHU�7%�� 7URXWW�+)�� %UXVV�0/�� *DOODQG�-&�� %DOGZLQ�5/�� +ROPEHUJ�&$�� 

:HDYHU�/'�� 7LPH� VHULHV� FURVV�FRUUHODWLRQ� DQDO\VLV� RI� SRVWSDUWXULHQW� UHODWLRQVKLSV� 
DPRQJ�VHUXP�PHWDEROLWHV�DQG�\LHOG�YDULDEOHV�LQ�+ROVWHLQ�FRZV��-�'DLU\�6FL�������-XO�� 
����������������� 

� 
/HDQ�,-�� %DOGZLQ�5/�� 7URXWW�+)�� %UXVV�0/�� *DOODQG�-&�� )DUYHU�7%�� 5RVWDPL�-�� :HDYHU� 

/'��+ROPEHUJ�&$��,PSDFW�RI�ERYLQH�VRPDWRWURSLQ�DGPLQLVWUDWLRQ�EHJLQQLQJ�DW�GD\� 
��� RI� ODFWDWLRQ� RQ� VHUXP� PHWDEROLWHV�� PLON� FRQVWLWXHQWV�� DQG� SURGXFWLRQ� LQ� FRZV� 
SUHYLRXVO\� H[SRVHG� WR� H[RJHQRXV� VRPDWRWURSLQ�� $P�-�9HW�5HV�� ����� 0D\�� ������� 
�������� 

� 
/HDQ�,-��7URXWW�+)��%UXVV�0/��)DUYHU�7%��%DOGZLQ�5/��*DOODQG�-&��.UDW]HU�'��+ROPEHUJ� 

&$�� :HDYHU�/'�� 3RVWSDUWXULHQW� PHWDEROLF� DQG� SURGXFWLRQ� UHVSRQVHV� LQ� FRZV� 
SUHYLRXVO\�H[SRVHG�WR�ORQJ�WHUP�WUHDWPHQW�ZLWK�VRPDWRWURSLQ��-�'DLU\�6FL�������2FW�� 
����������������� 

� 
/HDQ�,-�� 7URXWW�+)�� :HDYHU�/'�� *RRGJHU�:-�� %UXVV�0/�� *DOODQG�-&�� %RYLQH� 

VRPDWRWURSLQ��PDQDJHPHQW�DQG�LQGXVWU\�LPSOLFDWLRQV��&RPSHQG�&RQWLQ�(GXF�3UDFW� 
9HW�� 7UHQWRQ��1�-��  9HWHULQDU\� /HDUQLQJ�  6\VWHPV�&RPSDQ\��  $XJ�  ������ Y��  ��� ���� S��  
���������������������� 

� 
'HOX\NHU�+$��:HDYHU�/'��*DOODQG�-&��'XNDV�3$��8VH�RI�DXWRPDWHG�PLON�\LHOG�UHFRUGLQJ� 

LQ� SURGXFWLRQ� PHGLFLQH�� ,,�� &RPSHQG�&RQWLQ�(GXF�3UDFW�9HW�� /DZUHQFHYLOOH�� 1�-�� 
9HWHULQDU\�/HDUQLQJ�6\VWHPV�&RPSDQ\��2FW�������Y����������S������������� 

� 
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/HDQ�,-�� 7URXWW�+)�� :HDYHU�/'�� +ROPEHUJ�&$�� *DOODQG�-&�� *RRGJHU�:�-�� %RYLQH� 
VRPDWRWURSLQ�� ELRORJLF� LPSOLFDWLRQV�� &RPSHQG�&RQWLQ�(GXF�3UDFW�9HW�� 
/DZUHQFHYLOOH�� 1�-�� 9HWHULQDU\� /HDUQLQJ� 6\VWHPV� &RPSDQ\�� 6HSW� ������ Y�� ��� ���� S�� 
����������� 

� 
'HOX\NHU�+$��:HDYHU�/'��*DOODQG�-&��'XNDV�3$��8VH�RI�DXWRPDWHG�PLON�\LHOG�UHFRUGLQJ� 

LQ� SURGXFWLRQ� PHGLFLQH�� ,�� &RPSHQG�&RQWLQ�(GXF�3UDFW�9HW�� /DZUHQFHYLOOH�� 1�-�� 
9HWHULQDU\�/HDUQLQJ�6\VWHPV�&RPSDQ\��6HSW�������Y���������S������������������� 

� 
/HDQ�,-�� *DOODQG�-&�� 6FRWW�-/�� 5HODWLRQVKLSV� EHWZHHQ� IHUWLOLW\�� SHDN� PLON� \LHOGV� DQG� 

ODFWDWLRQDO�SHUVLVWHQF\�LQ�GDLU\�FRZV��7KHULRJHQRORJ\��6WRQHKDP��0DVV��%XWWHUZRUWK� 
3XEOLVKHUV��0D\�������E�Y���������S������������� 

� 
*RRGJHU�:-�� *DOODQG�-&�� &KULVWLDQVHQ�9(�� 6XUYH\� RI� PLONLQJ� PDQDJHPHQW� SUDFWLFHV� RQ� 

ODUJH�GDLULHV�DQG�WKHLU�UHODWLRQVKLS�WR�XGGHU�KHDOWK�DQG�SURGXFWLRQ�YDULDEOHV��-�'DLU\� 
6FL�� &KDPSDLJQ�� ,OO�� $PHULFDQ� 'DLU\� 6FLHQFH� $VVRFLDWLRQ�� 6HSW� ������ Y�� ��� ���� S�� 
����������� 

� 
*RRGJHU�:-��5HSS�6��*DOODQG�-&��7RZDUG�GHYHORSLQJ�DQ�LQVWUXPHQW�IRU�PHDVXULQJ�PLONLQJ� 

PDQDJHPHQW�SUDFWLFHV��$FWD�9HW�6FDQG�6XSSO�������������������� 
� 
:HDYHU�/'�� 2OLYDV�0$�� *DOODQG�-&�� ,GHQWLI\LQJ� IHDWXUHV�� SHUIRUPDQFH�� DQG� OLPLWDWLRQV� RI� 

GDLU\� UDWLRQ� IRUPXODWLRQ� VRIWZDUH�� D� FRPSDULVRQ� RI� WKUHH� UDWLRQ� IRUPXODWLRQ� 
SURJUDPV�� -�'DLU\�6FL�� &KDPSDLJQ�� ,OO�� $PHULFDQ� 'DLU\� 6FLHQFH� $VVRFLDWLRQ�� $SU� 
������Y���������S������������� 

� 
:HDYHU�/'�� *DOODQG�-�� 6RVQLN�8�� &RZHQ�3�� )DFWRUV� DIIHFWLQJ� HPEU\R� WUDQVIHU� VXFFHVV� LQ� 

UHFLSLHQW�KHLIHUV�XQGHU�ILHOG�FRQGLWLRQV��-�'DLU\�6FL�������2FW������������������ 
� 
:HDYHU�/'�� *DOODQG�-�� 0DUWLQ�3$�� 9HUVWHHJ�-�� 7UHDWPHQW� RI� 6WUHSWRFRFFXV� DJDODFWLDH� 

PDVWLWLV� LQ� GDLU\� FRZV�� FRPSDUDWLYH� HIILFDFLHV� RI� WZR� DQWLELRWLF� SUHSDUDWLRQV� DQG� 
IDFWRUV� DVVRFLDWHG� ZLWK� VXFFHVVIXO� WUHDWPHQW�� -�$P�9HW�0HG�$VVRF�� ����� 6HS� ���� 
��������������� 

� 
/RWW�')�� *DOODQG�-&�� 3DUWXULWLRQ� LQ� $PHULFDQ� ELVRQ�� SUHFRFLW\� DQG� V\VWHPDWLF� YDULDWLRQ� LQ� 

FRZ�LVRODWLRQ��=�7LHUSV\FKRO��%HUOLQ��:��*HU��3DXO�3DUH\��0D\�������Y���������S����� 
���� 

� 
*RRGJHU�:-��%\ZDWHU�7��0F&DEH�%��*DOODQG�-&��$Q�HYDOXDWLRQ�RI�UHFRUG�NHHSLQJ�V\VWHPV� 

RQ� ODUJH� VFDOH� GDLULHV�� 3URFHHGLQJV�� 0D\� ������� ������ VHFRQG� 6\PSRVLXP� RQ� 
&RPSXWHU� $SSOLFDWLRQV� LQ� 9HWHULQDU\� 0HGLFLQH� �� $PHULFDQ� 9HWHULQDU\� &RPSXWHU� 
6RFLHW\�� &ROOHJH� RI� 9HWHULQDU\� 0HGLFLQH�� 0LVVLVVLSSL� 6WDWH� 8QLYHUVLW\�� 0LVVLVVLSSL�� 
������S��������� 

� 
� 
� 
� 
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� 
3(1',1*�5()(5(('�38%/,&$7,216� 
� � � � � 
*DOODQG�-&�� 7URXWW�+)�� 2VEXUQ�%,�� %UHZHU�5/�%UDXQ�.�� 6FKPLW]�-$�� 6HDUV�3�� &KLOGHUV� 

$%��  5LFKH\�(�� 0DWKHU�(�� *LEVRQ�0�� 0XUWK\�.�� +RJXH�$��� 6DOPRQHOOD� 6HURYDU� 
'LYHUVLW\�LQ�&XOO�'DLU\�&RZV��$FFHSWHG��-�$P�9HW�0HG�$VVRF��0D\������� 
� 

7URXWW�+)�� *DOODQG�-&�� 2VEXUQ�%,�� %UHZHU�5/�%UDXQ�.�� 6FKPLW]�-$�� 6HDUV�3�� &KLOGHUV� 
$%��5LFKH\�(��0DWKHU�(��*LEVRQ�0��0XUWK\�.��+RJXH�$���3UHYDOHQFH�RI�6DOPRQHOOD� 
LQ�&XOO�'DLU\�&RZV�DW�6ODXJKWHU��6XEPLWWHG��-�$P�9HW�0HG�$VVRF�������� 

� 
)HGHU�,-�� 1LHWIHOG�-&�� *DOODQG�-&�� <HDU\�7�� 6DUJDQW�-�� DQG� 5�'�� 2EHUVW�� &RPSDULVRQ� RI� 

6DOPRQHOOD�FKROHUDHVXLV�GHWHFWLRQ�LQ�SRUFLQH�IHFDO�VSHFLPHQV�XVLQJ�3&5�K\EULGL]DWLRQ�RU� 
FRQYHQWLRQDO�FXOWXUH�WHFKQLTXHV��6XEPLWWHG��-��&OLQ��0LFURELRO��������� 

� 
)HGHU�,-�� 1LHWIHOG�-&�� *DOODQG�-&�� &RPSDULVRQ� RI� '1$� H[WUDFWLRQ� WHFKQLTXHV� IRU� 3&5� 

GHWHFWLRQ�RI�6DOPRQHOOD�FKROHUDHVXLV�LQ�SRUFLQH�IHFHV��$FFHSWHG��-��0LFURELRO��0HWKRGV�� 
������� 

�

6(/(&7('�121�5()(5(('�38%/,&$7,216�

� � � � � 
7URXWW�+)�� *DOODQG�-&�� +\DWW�'5�� 2VEXUQ�%,�� 7HFKQLFDO� 5HSRUW� ����$���������� $Q� 

(OHFWURQLF� ,GHQWLILFDWLRQ� 6\VWHP� DV� D� .H\� &RPSRQHQW� LQ� +$&&3� 3ODQV� WR� 5HGXFH� 
)RRGERUQH� 3DWKRJHQV� LQ� 1RQ�IHG� %HHI�� 8QLWHG� 6WDWHV� 'HSDUWPHQW� RI� $JULFXOWXUH�� 
)RRG�6DIHW\�DQG�,QVSHFWLRQ�6HUYLFH��SS������0DUFK����������� 

� 
+\DWW�'5�� *DOODQG�-&�� &UXSSHU�66�� +DZNLQV�//�� $QGHUVRQ�19�� DQG� 6WRNND�*/�� 

3UHYDOHQFH�� $QWLELRWLF� 6XVFHSWLELOLW\�� DQG� *HQHWLF� 'LYHUVLW\� RI� 6DOPRQHOOD�� 
&DPS\OREDFWHU�� DQG� (VFKHULFKLD� FROL� 2����+�� &ROOHFWHG� DW� )RXU� .DQVDV� %HHI� &DWWOH� 
)HHG\DUGV� 2YHU� ��� 0RQWKV�� &DWWOHPHQ·V� 'D\� ������ 0DUFK� ��� ������ .DQVDV� 6WDWH� 
8QLYHUVLW\�� 

� 
6DUJHDQW�-0��*LOOHVSLH�-5��+\DWW�'5��*DOODQG�-&��2EHUVW�5'��3KHEXV�5.��%RKUD�/.��DQG� 

+D\V�03�� 3UHYDOHQFH� RI� (VFKHULFKLD� FROL� 2����+�� LQ� &RZ�&DOI� +HUGV� LQ� .DQVDV�� 
&DWWOHPHQ
V�'D\�������0DUFK����������.DQVDV�6WDWH�8QLYHUVLW\�� 

� 
&ODXVVHQ�.0�� +\DWW�'5�� 'ULW]�66�� *DOODQG�-&�� 1LHWIHOG�-&�� DQG� 6DUJHDQW�-0�� (IIHFWV� RI� 

6XEWKHUDSHXWLF�$QWLELRWLFV�RQ�6KHGGLQJ�RI�D�0L[WXUH�RI�7HWUDF\FOLQH�6XVFHSWLEOH�DQG� 
5HVLVWDQW�6DOPRQHOOD�VSS��([SHULPHQWDOO\�,QRFXODWHG�LQWR�3LJV��$PHULFDQ�$VVRFLDWLRQ� 
RI�6ZLQH�3UDFWLWLRQHUV�0HHWLQJ��'HV�0RLQHV��,$�0DUFK������������ 

� 
&ODXVVHQ�.0�� +\DWW�'5�� 'ULW]�66�� *DOODQG�� -&�� 1LHWIHOG�-&�� DQG� 6DUJHDQW�-0�� (IIHFWV� RI� 

6XEWKHUDSHXWLF�$QWLELRWLFV�RQ�6KHGGLQJ�RI�D�0L[WXUH�RI�7HWUDF\FOLQH�6XVFHSWLEOH�DQG� 
5HVLVWDQW�6DOPRQHOOD�VSS��([SHULPHQWDOO\�,QRFXODWHG�LQWR�3LJV�������$QQXDO�3KL�=HWD� 
5HVHDUFK�'D\�5HSRUW��0DUFK��������.DQVDV�6WDWH�8QLYHUVLW\�� 

� 
� 
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&ODXVVHQ�.0�� +\DWW�'5�� 'ULW]�66�� *DOODQG�-&�� 1LHWIHOG�-&�� DQG� 6DUJHDQW�-0�� (IIHFWV� RI� 
7HWUDF\FOLQH�RQ�6KHGGLQJ�RI�6XVFHSWLEOH�DQG�5HVLVWDQW�6DOPRQHOOD�VSS��([SHULPHQWDOO\� 
,QRFXODWHG� LQWR� 3LJV�� ����� 6ZLQH� 'D\� 5HSRUW�� 1RYHPEHU� ������ .DQVDV� 6WDWH� 
8QLYHUVLW\�6ZLQH�,QGXVWU\�'D\�� 

� 
+\DWW�'5��*DOODQG�-&��'ULW]�66��1LHWIHOG�-&��,UZLQ�&.��'DYLVRQ�&��(IIHFWV�RI�$QWLELRWLFV� 

RQ�6KHGGLQJ�RI�6DOPRQHOOD�W\SKLPXULXP�,Q�([SHULPHQWDOO\�,QRFXODWHG�3LJV�������6ZLQH� 
'D\�5HSRUW��1RY������������.DQVDV�6WDWH�8QLYHUVLW\�6ZLQH�,QGXVWU\�'D\�� 

� 
$%675$&76� 
� � � � � 
)HGHU�,(�� *DOODQG�-&�� 6DUJHDQW�-�� <HDU\�7�� DQG� 1LHWIHOG�-�� &RPSDULVRQ� RI� 3&5� 

+\EULGL]DWLRQ� DQG� &RQYHQWLRQDO� &XOWXUH� IRU� WKH�'HWHFWLRQ� RI� 6DOPRQHOOD� LQ� 3RUFLQH� 
(QYLURQPHQWDO� DQG� 3RUFLQH� )HFDO� 6SHFLPHQV�� ��WK� )RRG� 0LFURELRORJ\� 6\PSRVLXP� 
DQG� 5DSLG� 0HWKRGV� :RUNVKRS�� &XUUHQW� &RQFHSWV� LQ� )RRGERUQH� 3DWKRJHQV� DQG� 
5DSLG� DQG� $XWRPDWHG� 0HWKRGV� LQ� )RRG� 0LFURELRORJ\�� 8QLYHUVLW\� RI� :LVFRQVLQ�� 
5LYHU�)DOOV��:,��������� 

� 
'�5�� +\DWW�� -�&�� *DOODQG�� 6�� &UXSSHU�� /�� +DZNLQV�� 1�� 9�� $QGHUVRQ�� *�� /�� 6WRNND�� 

3UHYDOHQFH�RI�6DOPRQHOOD�VSS���(��FROL�2����+��DQG�&DPS\OREDFWHU�RQ�)RXU�%HHI�&DWWOH� 
)HHG\DUGV� 6DPSOHG� RYHU� 7KLUWHHQ� 0RQWKV�� ��WK� *HQHUDO� 0HHWLQJ� RI� WKH� $PHULFDQ� 
6RFLHW\�IRU�0LFURELRORJ\��$WODQWD��*$��0D\�������������� 

� 
'�5�� +\DWW�� -�&�� *DOODQG�� -�5�� *LOOHVSLH�� 5�'�� 2EHUVW� DQG� -�0�� 6DUJHDQW�� 8VHIXOQHVV� RI� D� 

&RPPHUFLDOO\�$YDLODEOH�(Q]\PH�,PPXQR�$VVD\�IRU�6KLJD�OLNH�7R[LQV�,�DQG�,,�LQ�WKH� 
'HWHFWLRQ�RI�(��FROL�2����+��LQ�&DWWOH�)HFHV��-RLQW�$QQXDO�0HHWLQJ�RI�WKH�$PHULFDQ� 
6RFLHW\� IRU� 0LFURELRORJ\�� 0LVVRXUL� DQG� 0LVVRXUL� 9DOOH\� %UDQFK� DQG� WKH� 0LGZHVW� 
0LFURELRORJ\�(GXFDWRUV�&RQIHUHQFH��.DQVDV�&LW\��02��0DUFK�������������� 

� 
&ODXVVHQ�� .�0��� +\DWW�� '�5��� 'ULW]�� 6�6��� *DOODQG�� -�&��� 1LHWIHOG�� -�&��� DQG� -�0�� 6DUJHDQW�� 

(IIHFWV� RI� 6XEWKHUDSHXWLF� $QWLELRWLFV� RQ� 6KHGGLQJ� RI� D� 0L[WXUH� RI� 7HWUDF\FOLQH� 
6XVFHSWLEOH� DQG� 5HVLVWDQW� 6DOPRQHOOD� VSS�� ([SHULPHQWDOO\� ,QRFXODWHG� LQWR� 3LJV�� 
$PHULFDQ�$VVRFLDWLRQ�RI�6ZLQH�3UDFWLWLRQHUV�0HHWLQJ��'HV�0RLQHV��,$�0DUFK������� 
����� 

� 
'�5��+\DWW��-�&��*DOODQG��0��6HOHH��&��'DYLVRQ��/��+HOPOH��&��,UZLQ��-��+DUULV��'�:RRGV��0�� 

+RUQEDFN�� '�� 6WXHYHU�� $�� &DUPDQ�� 5�� /RKPDQ�� /�� +DZNLQV�� 1�� $QGHUVRQ�� *�� 
6WRNND��3UHYDOHQFH�RI�6DOPRQHOOD�VSS���&DPS\OREDFWHU�DQG�(��FROL�2����+��RQ�)RXU�%HHI� 
)HHG\DUGV� 6DPSOHG� RYHU� 7LPH�� 6HYHQW\�(LJKWK� $QQXDO� &RQIHUHQFH� RI� 5HVHDUFK� 
:RUNHUV�LQ�$QLPDO�'LVHDVH��&KLFDJR��,/��1RY������������ 

� 
'�5�� +\DWW�� -�&�� *DOODQG�� 0�� 6HOHH�� &�� 'DYLVRQ�� /�� +HOPOH�� &�� ,UZLQ�� /�� +DZNLQV�� 1�� 

$QGHUVRQ�� *�� 6WRNND�� $QWLELRWLF� 6XVFHSWLELOLW\� DQG� 3ODVPLG� 3URILOHV� RI� (�� FROL� 
2����+��,VRODWHV�IURP�%HHI�)HHG\DUG�&DWWOH��6HYHQW\�(LJKWK�$QQXDO�&RQIHUHQFH�RI� 
5HVHDUFK�:RUNHUV�LQ�$QLPDO�'LVHDVH��&KLFDJR��,/��1RY������������ 

� 
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'�5�� +\DWW�� -�&�� *DOODQG�� 0�� 6HOHH�� &�� 'DYLVRQ�� /�� +HOPOH�� &�� ,UZLQ�� /�� +DZNLQV�� 1�� 
$QGHUVRQ�� *�� 6WRNND�� &ORQDO� 'LYHUVLW\� RI� (�� FROL� 2����+�� ,VRODWHV� IURP� %HHI� 
)HHG\DUG�&DWWOH��6HYHQW\�(LJKWK�$QQXDO�&RQIHUHQFH�RI�5HVHDUFK�:RUNHUV�LQ�$QLPDO� 
'LVHDVH��&KLFDJR��,/��1RY������������ 

� 
'�5�� +\DWW�� -�&�� *DOODQG�� -�5�� *LOOHVSLH� DQG� -�0�� 6DUJHDQW�� 8VHIXOQHVV� RI� D� &RPPHUFLDOO\� 

$YDLODEOH�(Q]\PH�,PPXQR�$VVD\�IRU�6KLJD�OLNH�7R[LQV�,�DQG�,,�LQ�WKH�'HWHFWLRQ�RI� 
(�� FROL� 2����+�� LQ� &DWWOH� )HFHV�� 6HYHQW\�(LJKWK� $QQXDO� &RQIHUHQFH� RI� 5HVHDUFK� 
:RUNHUV�LQ�$QLPDO�'LVHDVH��&KLFDJR��,/��1RY������������ 

� 
-�0�� 6DUJHDQW�� -�5�� *LOOHVSLH�� '�5�� +\DWW�� -�&�� *DOODQG�� 5�'�� 2EHUVW�� 5�.�� 3KHEXV�� /�.�� 

%RKUD��0�3��+D\V��7KH�)UHTXHQF\�RI�(��FROL�2����+��LQ�%HHI�&RZV�DQG�&DOYHV�LQ� 
.DQVDV�� 3UHOLPLQDU\� 5HVXOWV�� 6HYHQW\�(LJKWK� $QQXDO� &RQIHUHQFH� RI� 5HVHDUFK� 
:RUNHUV�LQ�$QLPDO�'LVHDVH��&KLFDJR��,/��1RY������������ 

� 
-�&�� *DOODQG�� '�5�� +\DWW�� 6�� &UXSSHU�� 0�� 6HOHH�� &�*�� 'DYLVRQ�� /�� +HOPOH�� &�.�� ,UZLQ�� /�� 

+DZNLQV�� 1�9�� $QGHUVRQ�� *�/�� 6WRNND�� 3UHYDOHQFH�� DQWLELRWLF� VXVFHSWLELOLW\�� DQG� 
FORQDO� GLYHUVLW\� RI� (�� FROL� 2����+�� DW� IRXU� EHHI� IHHG\DUGV� VDPSOHG� RYHU� WLPH�� 
3URWHFWLQJ� WKH� 3XEOLF� DJDLQVW� )RRG� %RUQH� 3DWKRJHQV�� (�� FROL�� �3RVWHU�� *HRUJHWRZQ� 
8QLYHUVLW\��:DVKLQJWRQ��'&�6HSWHPEHU�������������� 

� 
+\DWW�'5��*DOODQG�-&��'ULW]�66��1LHWIHOG�-��,UZLQ�&.��'DYLVRQ�&*��(IIHFWV�RI�$QWLELRWLFV�RQ� 

6KHGGLQJ�RI�6DOPRQHOOD�W\SKLPXULXP�LQ�([SHULPHQWDOO\�,QRFXODWHG�3LJV��6HYHQW\�VHYHQWK� 
&RQIHUHQFH� RI� 5HVHDUFK� :RUNHUV� LQ� $QLPDO� 'LVHDVH�� &KLFDJR�� ,OOLQRLV�� 1RYHPEHU�� 
������ 

� 
�  %ULJKWPDQ�$+��  *DOODQG�-&�� DQG� *HUGV�6�� 'LDEHWHV� PHOOLWXV� DQG� .HUDWRFRQMXQFWLYLWLV� LQ� WKH� 

GRJ��7ZHQW\�6L[WK�$QQXDO�0HHWLQJ�$PHULFDQ�&ROOHJH�RI�9HWHULQDU\�2SKWKDOPRORJLVWV�� 
1HZSRUW��5,��6HSWHPEHU�������������� 
� 

�  2EHUVW�5'��  0RVLHU�'$��  *DOODQG�-&�� $PSOLILFDWLRQ� RI� &U\SWRVSRULGLXP�'1$� IRU� DVVHVVLQJ�  
DJULFXOWXUDO�ZDVWHV��VXEPLWWHG�WR�:RUNLQJ�*URXS�RQ�:DWHU�4XDOLW\��8�6��'HSDUWPHQW�RI� 
$JULFXOWXUH�IRU�WKH�&OHDQ�:DWHU�&OHDQ�(QYLURQPHQW���VW�&HQWXU\�&RQIHUHQFH��.DQVDV� 
&LW\��02��0DUFK������������ 
� 

� 6WRQH�*�� 2EHUVW�5'�� +D\V�0�� 0F9H\�6�� *DOODQG�-&�� &XUWLV� 5�� .HOO\� 6�� &KHQJDSSD� 00�� 
'HWHFWLRQ�RI�6DOPRQHOOD�W\SKLPXULXP�IURP�UHFWDO�VZDEV�RI�H[SHULPHQWDOO\�LQIHFWHG�EHDJOHV� 
XVLQJ�D�FXOWLYDWLRQ�3&5�K\EULGL]DWLRQ�SURFHGXUH��VXEPLWWHG�WR���WK�$QQXDO�&RQIHUHQFH� 
RI�5HVHDUFK�:RUNHUV�LQ�$QLPDO�'LVHDVHV���&KLFDJR��,/��1RY�������������� 
� 

� 2EHUVW�5'�� +D\V�03�� *DOODQG�-&�� DQG� 0RVLHU�'$�� &RQIHUHQFH� IRU� 5HVHDUFK� :RUNHUV� LQ� 
$QLPDO� 'LVHDVH�� &KLFDJR�� ,OOLQRLV�� 1RYHPEHU� ����� ������ �,PSURYHG� &+()� JHO� 
HOHFWURSKRUHVLV� RI� &U\SWRVSRULGLXP� SDUYXP� FKURPRVRPDO� '1$�� DSSOLFDWLRQ� LQ� 
FKDUDFWHUL]LQJ�JHQHV�DQG�3&5�SURGXFWV�� 
� 
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�  2I I HQEDFK�/$�  DQG� *DOODQG�-&�� &RQIHUHQFH� IRU� 5HVHDUFK� :RUNHUV� LQ� $QLPDO� 'LVHDVH�� 
&KLFDJR�� ,OOLQRLV�� 1RYHPEHU� ����� ������ �$�'HFLVLRQ� $QDO\VLV� RI� V\QFKURQL]DWLRQ� DQG� 
LQVHPLQDWLRQ�PHWKRGV�LQ�EHHI�KHLIHUV�� 
� 

� .HUU�65�� 3LFNUHOO�-$�� 2HKPH�):�� /D\WRQ�&(�� %DON�'�� 3ULPHU�9�� &OHJJ�9/�� 6WDYHU�-5�� 
*DOODQG�� -&�� )RUWQH\�:'� DQG� /RUHQ]�0'�� ������ &DVH�%DVHG� /HDUQLQJ��$� 7RRO� IRU� 
,QYROYHPHQW�� (PSRZHUPHQW� DQG� (YDOXDWLRQ� LQ� 7R[LFRORJ\�� 3URFHHGLQJV� RI� WKH� ��QG� 
$QQXDO�0HHWLQJ�RI�WKH�6RFLHW\�RI�7R[LFRORJ\��1HZ�2UOHDQV��/$�������� 
� 

� *RRGJHU�:-�� )DUYHU�7�� -RKQVRQ�3�� 'H6QD\HU�*�� *DOODQG�-&�� ������ 7KH� ,GHQWLILFDWLRQ� RI� 
0DQDJHPHQW� )DFWRUV� $VVRFLDWHG� ZLWK� &KDQJHV� LQ� %XON� 7DQN� 6RPDWLF� &HOO� &RXQWV� 
�%76&&���3URFHHGLQJV�RI�WKH�;9,,�:RUOG�%XLDWULFV�&RQJUHVV�DQG�WKH�;;9�$PHULFDQ� 
$VVRFLDWLRQ�RI�%RYLQH�3UDFWLWLRQHUV�� 
� 

� *RRGJHU�:-�� 5HSS�6�� *DOODQG�-&�� +DUULV�'�� 'HVQD\HU�*�� 5RVKHU�3�� :LOOLDPV�&�� ������ 
7RZDUG� 'HYHORSLQJ� DQ� ,QVWUXPHQW� IRU� 0HDVXULQJ� 0LONLQJ� 0DQDJHPHQW� 3UDFWLFHV�� 
'HSDUWPHQW�RI�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ��:LVFRQVLQ�� 
� 

� *RRGJHU�:-�� *DOODQG�-&�� +DUULV�'�� 'H6QD\HU�*�� 5RVKHU�3�� :LOOLDPV�&�� ������ 7KH� 
$VVRFLDWLRQ� RI� 0LONLQJ� 0DQDJHPHQW� 3UDFWLFHV� ZLWK� 6RPDWLF� &HOO� &RXQW\� DQG� 
3URGXFWLRQ��6HYHQWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�3URGXFWLRQ�'LVHDVH�LQ�)DUP�$QLPDOV�� 
&RUQHOO�8QLYHUVLW\��,WKDFD��1HZ�<RUN�� 
� 

� *RRGJHU�:-��)DUYHU�7��-DVSHU�'��*DOODQG�-&��%ODFNPDQ�.��1XJHQW�0.�� ������ 'HWHUPLQLQJ� 
WKH� (IIHFW� RI� ,QWUDPDPPDU\� 'HYLFHV� RQ� WKH� &RQWURO� RI� (QYLURQPHQWDO� 0DVWLWLV�� 
3URFHHGLQJV�RI�WKH�$QQXDO�$PHULFDQ�9HWHULQDU\�0HGLFDO�$VVRFLDWLRQ�0HHWLQJ��2UODQGR�� 
)ORULGD�� 
� 

� *RRGJHU�:-�� 5HSS�6�� *DOODQG�-&�� +DUULV�'�� 'HVQD\HU�*�� 5RVKHU�3�� :LOOLDPV�&�� ������ 
7RZDUG� 'HYHORSLQJ� DQ� ,QVWUXPHQW� IRU� 0HDVXULQJ� 0LONLQJ� 0DQDJHPHQW� 3UDFWLFHV�� 
1DWLRQDO�$QLPDO�+HDOWK�0RQLWRULQJ�6\VWHP��)RUW�&ROOLQV�&RORUDGR�� 
� 

� *RRGJHU�:-��)DUYHU�7��-DVSHU��'��*DOODQG�-&��%ODFNPDQ�.��1XJHQW�0.��������'HWHUPLQLQJ� 
WKH� (IIHFW� RI� ,QWUDPDPPDU\� 'HYLFHV� RQ� WKH� &RQWURO� RI� (QYLURQPHQWDO� 0DVWLWLV�� 
3URFHHGLQJV� RI� WKH� ��WK� $QQXDO� :HVWHUQ� )RRG� $QLPDO� 5HVHDUFK� &RQIHUHQFH�� )RUW� 
&ROOLQV��&RORUDGR�� 
� 

� /HDQ�,-�� 7URXWW�+)�� *RRGJHU�:-�� +ROPEHUJ�&$�� :HDYHU�/'�� *DOODQG�-&�� ������ %RYLQH� 
6RPDWRWURSLQ��$�5HYLHZ�  DQG�  ,PSOLFDWLRQV�IRU� WKH�'DLU\�DQG�9HWHULQDU\�  ,QGXVWULHV�RI�  
6RPDWRWURSLQ� 8VH�� ,Q� 5HFHQW� $GYDQFHV� LQ� 3DVWRUDO� 7HFKQRORJ\�� 3URFHHGLQJV� RI� 3RVW� 
*UDGXDWH�)RXQGDWLRQ�LQ�9HWHULQDU\�6FLHQFH�RI�6\GQH\�8QLYHUVLW\�� 
� 

� *RRGJHU�:-�� 5HSS�6�� *DOODQG�-&�� ������ 7RZDUG� 'HYHORSLQJ� DQ� ,QVWUXPHQW� IRU� 0HDVXULQJ� 
0LONLQJ� 0DQDJHPHQW� 3UDFWLFHV�� 3URFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 
9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV��&RSHQKDJHQ��'HQPDUN�� 
� 
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� 7URXWW�+)��*DOODQG�-&��/HDQ�,-��*RRGJHU��:-��+ROPEHUJ�&$��������$YHUDJH�1XWULHQW�9DOXHV� 
�'U\�0DWWHU�%DVLV���&RPPRQ�)HHG�6WXIIV��7XODUH��&DOLIRUQLD��,Q�3URFHHGLQJV�&DOLIRUQLD� 
9HWHULQDU\�$VVRFLDWLRQ��$QDKHLP��&$�� 
� 

� 'HOX\NHU�+$�� :HDYHU�/'� DQG� *DOODQG�-&�� ������ $XWRPDWHG� <LHOG� 5HFRUGLQJ�� 
&KDUDFWHUL]DWLRQ� RI� 6\VWHPV� IRU� $XWRPDWHG�0LON�<LHOG�5HFRUGLQJ� LQ� 'DLU\�&DWWOH�� �WK� 
6\S��RQ�&RPS��$SSO��LQ�9HW��0HG���6HSWHPEHU��8UEDQD��,OOLQRLV�� 
� 

� *RRGJHU�:-�� 5HSS�6�� *DOODQG�-&�� ������ 7RZDUGV� D� 4XDQWLWDWLYH�  ,QGH[�  RI� 0LONLQJ�  
0DQDJHPHQW� 3UDFWLFHV�� $� &RPSDULVRQ� RI� ([SHUW� (YDOXDWLRQV� DQG� D� 0DQDJHPHQW� 
6FRULQJ� 6\VWHP�� 3URFHHGLQJV� RI� WKH� $PHULFDQ� 'DLU\� 6FLHQFH� $VVRFLDWLRQ� 0HHWLQJ�� 
'DYLV��&DOLIRUQLD�� 
� 

� *RRGJHU�:-�� 5HSS�6/�� DQG� *DOODQG�-&�� ������ 7RZDUGV� D� 4XDQWLWDWLYH� ,QGH[� RI� 0LONLQJ� 
0DQDJHPHQW� 3UDFWLFHV�� $� &RPSDULVRQ� RI� ([SHUW� (YDOXDWLRQV� DQG� D� 0DQDJHPHQW� 
6FRULQJ� 6\VWHP�� 3URFHHGLQJV�� ��VW� $QQXDO� $'6$� 0HHWLQJ�� 8QLYHUVLW\� RI� &DOLIRUQLD�� 
'DYLV��-XQH�������������� 
� 

� *RRGJHU�:-��*DOODQG�-&��:HDYHU�/'��7KXUPRQG�0��������8VH�RI�,QJUHVV�DQG�3&�/LQN�IRU� 
+HUG� +HDOWK� 5HFRUGV�� &RPPXQLFDWLRQ�� DQG� $QDO\VLV�� 3URFHHGLQJV� RI� WKH� �WK� 
6\PSRVLXP�LQ�&RPSXWHU�$SSOLFDWLRQ�LQ�9HWHULQDU\�0HGLFLQH��&ROXPEXV��2KLR�� 
� 

� *RRGJHU�:-�� *DOODQG�-&�� %\ZDWHU�$�� &XPPLQJV�6�� ������ $� &RPSXWHU� 3URJUDP� IRU� 
0D[LPL]LQJ� ,QFRPH� $ERYH� )HHG� &RVW� E\� 0RYLQJ� &RZV� $PRQJ� 3URGXFWLRQ� *URXSV�� 
3URFHHGLQJV� RI� WKH� 7KLUG� 6\PSRVLXP� RQ�  &RPSXWHU� $SSOLFDWLRQV�  LQ� 9HWHULQDU\�  
0HGLFLQH��7H[DV�$�	�0�8QLYHUVLW\��&ROOHJH�6WDWLRQ��7H[DV�� 
� 

�  /HDQ�,�� %DOGZLQ�5/�� 7URXWW�+)��  %UXVV�0/��  *DOODQG�-&�� )DUYHU�7�� 5RVWDPL�-�� :HDYHU�/�� 
+ROPEHUJ�&�� ,PSDFW� RI� 6RPDWRWURSLQ� �U%67�� 7UHDWPHQW� DW� 'D\� ��� RI� /DFWDWLRQ� RQ� 
&RZV� 3UHYLRXVO\� ([SRVHG� WR� %67�� 8QLYHUVLW\� RI� &DOLIRUQLD�� 'DYLV�� 7XODUH�� &DOLIRUQLD�� 
������ 
� 

� *RRGJHU�:-�� %\ZDWHU�$&�� 0F&DEH�5(�� DQG� *DOODQG�-&�� ������ $VVHVVLQJ� WKH� &ULWHULD� IRU� 
'HWHUPLQLQJ� DQ� $SSURSULDWH� 2Q�)DUP� 5HFRUG� 6\VWHP�� 6HFRQG� 6\PSRVLXP� RQ� 
&RPSXWHU�$SSOLFDWLRQV�LQ�9HWHULQDU\�0HGLFLQH��0LVVLVVLSSL�6WDWH��0LVVLVVLSSL�� 
� 

� /HDQ�,-�� )DUYHU�7%�� 7URXWW�+�� %UXVV�0�� *DOODQG�-&�� %DOGZLQ�5�� +ROPEHUJ�&�� :HDYHU�/�� 
7LPH�6HULHV�&URVV�&RUUHODWLRQ�$QDO\VLV��76&&$��RI�3RVWSDUWXULHQW�5HVSRQVHV�LQ�&RZV� 
3UHYLRXVO\�([SRVHG�WR�6RPDWRWURSLQ��8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��7XODUH��&DOLIRUQLD�� 
������ 
� 

� *RRGJHU�:-�� %\ZDWHU�$�� 0F&DEH�%�� *DOODQG�� -&�� ������ $Q� (YDOXDWLRQ� RI� 5HFRUG� .HHSLQJ� 
6\VWHPV� RQ� /DUJH� 6FDOH� 'DLULHV�� 3URFHHGLQJV�� $PHULFDQ� 9HWHULQDU\� &RPSXWHU� 6RFLHW\�� 
&ROOHJH�RI�9HWHULQDU\�0HGLFLQH��0LVVLVVLSSL�6WDWH�8QLYHUVLW\��0D\�������� 

�

�

�
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5(6($5&+�*5$176�

� � � � � 

)XQGHG� 
� 

� ����� *DOODQG��-&�DQG�'5�+\DWW��9HWHULQDULDQ�+$&&3�7UDLQLQJ�3URJUDP�IRU�5HGXFLQJ�2Q� 
)DUP�)RRGERUQH�3DWKRJHQV��86'$�&5((6���������� 

� 
����� -�5��*LOOHVSLH��-�&��*DOODQG��'�5��+\DWW��5�'��2EHUVW��-�0��6DUJHDQW��(FRORJ\�RI�(�� 

FROL� 2����+�� LQ� %HHI� &RZ�&DOI� 2SHUDWLRQV� IURP� 5DQFK� WKURXJK� )HHGORW�� 8QLWHG� 
6WDWHV� 'HSDUWPHQW� RI� $JULFXOWXUH�� &RRSHUDWLYH� 6WDWH� 5HVHDUFK�� (GXFDWLRQ� DQG� 
([WHQVLRQ�6HUYLFH�������������������������������� 

� 
����� -�5�� *LOOHVSLH�� -�&�� *DOODQG�� '�5�� +\DWW�� 5�'�� 2EHUVW�� 5�.�� 3KHEXV�� -�0�� 6DUJHDQW�� 

.�'�� &UDEWUHH�� (FRORJ\� RI� (�� FROL� 2����+��  LQ� %HHI� &RZ�&DOI � 2SHUDWLRQV� IURP�  
5DQFK�WKURXJK�)HHGORW��8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��&RRSHUDWLYH�6WDWH� 
5HVHDUFK��(GXFDWLRQ�DQG�([WHQVLRQ�6HUYLFH�������������������������������� 

� 
����� %�,�� 2VEXUQ�� -�&�� *DOODQG��  -�0�� 6DUJHDQW�� '��  /HLQ��  &�� *D\��  '�5�� +\DWW�� $Q�  

(OHFWURQLF� ,GHQWLILFDWLRQ� 6\VWHP� DV� D� .H\� &RPSRQHQW� LQ� +$&&3� 3ODQV� WR� 5HGXFH� 
)RRGERUQH�3DWKRJHQV�LQ�1RQ�)HG�%HHI��)$30&�,QYHVWLJDWRUV�LQ�WKH�)RRG�$QLPDO� 
3URGXFWLRQ� 0HGLFLQH� &RQVRUWLXP� DQG� $VVRFLDWHG� ,QVWLWXWLRQV�� 8QLWHG� 6WDWHV� 
'HSDUWPHQW� RI� $JULFXOWXUH�� )RRG� 6DIHW\� DQG� ,QVSHFWLRQ� 6HUYLFH�� ������ ���������� 
)6,6����:���� 

� 
� ����� 'ULW]�� 66�� -&� *DOODQG�� '5� +\DWW�� &.� ,UZLQ�� -&� 1LHWIHOG�� &*� 'DYLVRQ�� (IIHFWV� RI� 

VXEWKHUDSHXWLF� DQWLELRWLFV� RQ� VKHGGLQJ� RI� D� PL[WXUH� RI� VXVFHSWLEOH� DQG� UHVLVWDQW� 
6DOPRQHOOD�W\SKLPXULXP�H[SHULPHQWDOO\�LQRFXODWHG�LQWR�SLJV��$90$�)RXQGDWLRQ���������� 
� 

� ����� 7URXWW�� +)�� -&� *DOODQG��  %,� 2VEXUQ�� -5�  *LOOHVSLH�� (� 0DWKHU�� .� %UDXQ��  -�  6FKPLW]��  
3UHYDOHQFH�RI�6DOPRQHOOD�VSS�LQ�&XOO�'DLU\�&RZV��86'$�)6,6���������� 
� 

� ����� *DOODQG�� -&�� 66� 'ULW]�� '5� +\DWW�� &.� ,UZLQ�� -&� 1LHWIHOG�� &*� 'DYLVRQ�� $QWLELRWLF� 
,QGXFWLRQ�RI�/�)RUP�%DFWHULD��1DWLRQDO�3RUN�3URGXFHUV�&RXQFLO����������� 
� 

� ����� 6SLUH�� 0)�� -� 'URXLOODUG� DQG� -&� *DOODQG�� (DUO\� 'HWHFWLRQ� RI� 3UREOHP� ,PSODQWV� XVLQJ� 
,QIUDUHG�7KHUPRJUDSK\��)RUW�'RGJH�$QLPDO�+HDOWK����������� 
� 

� ����� *LOOHVSLH�� -5��-&�*DOODQG��5'�2EHUVW��19�$QGHUVRQ��5.�3KHEXV��(FRORJ\�RI�(��FROL� 
2����+�� LQ� %HHI� &RZ�&DOI� 2SHUDWLRQV� IURP� 5DQFK� WKURXJK� )HHGORW�� 65*3�� 
���������\HDU�IRU���\HDUV�� 
� 

� ����� *DOODQG�� -&�� 19� $QGHUVRQ�� *5� 6WRNND�� (PHUJHQFH� DQG� 6SUHDG� RI� $QWLELRWLF� 
5HVLVWDQW� +XPDQ� 3DWKRJHQV� LQ� &DWWOH� )HHG\DUGV�� 1DWLRQDO� 5HVHDUFK� ,QLWLDWLYH� 
&RPSHWLWLYH�*UDQW������������ 
� 
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� ����� $QGHUVRQ�� 19�� -&� *DOODQG�� DQG� 00� &KHQJDSSD�� ,QFLGHQFH� RI� 5HVSRQGHUV� WR� 
6DOPRQHOOD�(/,6$�DPRQJ�)HHG\DUG�6WHHUV�&RPSDUHG�WR�3RVLWLYH�&XOWXUH�IRU�6DOPRQHOOD�DW� 
6ODXJKWHU��)RRG�6DIHW\�)RUXP���������� 
� 

� ����� *DOODQG�� -&� DQG� //� +DZNLQV�� $� &RPSDULVRQ� RI� 3URGXFWLRQ� 3HUIRUPDQFH� 0HDVXUHV� 
$PRQJ� 6WHHUV� 6HJUHJDWHG� LQ� WKH� )HHG\DUG� RQ� $UULYDO� IURP� 3DVWXUH� LQWR� 7KUHH� 
&DWHJRULHV�RI�%RG\�:HLJKW��1DWLRQDO�)DUPV���������� 
� 

� ����� *DOODQG��-&��(SLGHPLRORJLFDO�6WXG\�RI�.DQVDV�:DWHU�:HOOV��.'+(���������� 
� 

� ����� 5'� 2EHUVW�� '$� 0RVLHU�� -&� *DOODQG�� '� 8SWRQ�� (YDOXDWLQJ� 'LVHDVH� 3RWHQWLDO� RI� 
&U\SWRVSRULGLXP�LQ�(FRV\VWHPV�,PSDFWHG�E\�/LYHVWRFN��$QLPDO�+HDOWK��������������� 
� � 

� ����� 5'� 2EHUVW�� '$� 0RVLHU�� -&� *DOODQG�� *� 0DUFKLQ�� -.� .RHOOLNHU�� $PSOLILFDWLRQ� RI� 
&U\SWRVSRULGLXP�'1$�IRU�DVVHVVLQJ�DJULFXOWXUDO�  ZDVWH��(IIHFW�  RI� VRLO�  DQG�  ZDWHU�  TXDOLW\��  
86'$�&656��6SHFLDO�5HVHDUFK�*UDQWV�:DWHU�4XDOLW\������������ 
� 

� ����� 2Q� )DUP� )RRG� 6DIHW\� DQG� (QYLURQPHQWDO� 0RQLWRU�� $JULFXOWXUDO� ([SHULPHQW� 6WDWLRQ�� 
��������� 
� 

� ����� *DOODQG��-&��$�&HQWHU�IRU�'HYHORSLQJ�,QWHUDFWLYH�0XOWLPHGLD�IRU�9HWHULQDU\�0HGLFLQH�� 
,%0��*LIWV�LQ�.LQG������������ 
� 

� ����� *DOODQG��-&�DQG�*$�0LOOLNHQ��(SLGHPLRORJLFDO�6WXG\�RI�/HDG�DQG�&DGPLXP�([SRVXUH� 
LQ�.DQVDV��.'+(������������ 
� 

� ����� -$�3LFNUHOO��):�2HKPH��&�/D\WRQ��-&�*DOODQG��0�9DQLHU��%:�)HQZLFN��5'�2EHUVW�� 
:&�&DVK��'�7UR\HU��6�0F9H\��/�(QRFKV��9�&OHJJ��:�3DOOHWW��(QKDQFLQJ�/DUJH�*URXS� 
3UREOHP�%DVHG�/HDUQLQJ�LQ�9HWHULQDU\�0HGLFDO�(GXFDWLRQ��)XQG�IRU�WKH�,PSURYHPHQW� 
RI�3RVW�6HFRQGDU\�(GXFDWLRQ��8�6��'HSDUWPHQW�RI�(GXFDWLRQ������������ 
� 

� ����� -$�3LFNUHOO��):�2HKPH��&�/D\WRQ��-&�*DOODQG��0�6SLUH��0�9DQLHU��%:�)HQZLFN��5'� 
2EHUVW��:&�&DVK�� '� 7UR\HU�� 6� 0F9H\��:� 0RRUH��%� %UDQGW�� -�+DQFRFN��/�&RUDK�� *� 
%UHVWHU�� $� +HEHU�� -3� 0XUSK\�� /� (QRFKV�� 9� &OHJJ�� :� 3DOOHWW�� /� -RKQVRQ�&DVH�EDVHG� 
YLGHRWDSHV� WR� HQKDQFH� DJULFXOWXUDO� DQG� YHWHULQDU\� PHGLFDO� HGXFDWLRQ�� 86'$�� +LJKHU� 
(GXFDWLRQ�&KDOOHQJH�*UDQWV�3URJUDP����������� 
� 

� ����� *DOODQG�� -&�� 6XSSRUW� IRU� &UHDWLYLW\� LQ� ,QVWUXFWLRQ�6WDWLVWLFV�� )LOP� DW� ���� $VVRFLDWH� 
'HDQ
V�)XQGV���������� 
� 

� ����� ,QMXULHV�WR�*UH\KRXQGV�LQ�5DFHV��.DQVDV�5DFLQJ�&RPP������������ 
� 

� ����� *DOODQG�� -&�� ,QWHJUDWLQJ� 9RLFH� 7HFKQRORJ\� LQ� 9HWHULQDU\� 5HFRUG� .HHSLQJ� 6\VWHPV�� 
��������'HDQ
V�)XQG�� 
� 

� ����� $� 1HZ� 0RGHO� RI� 9HWHULQDU\� 6HUYLFH� IRU� )DUP� )ORFN� 6KHHS� 3URGXFHUV�� $90$� 
)RXQGDWLRQ����������� 
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� 
� ����� 'HFLVLRQ�6XSSRUW�6RIWZDUH�WR�$LG�&RZ�&DOI�0DQDJHUV�DQG�5HVHDUFKHUV����������%*5� 

$ZDUGV�� 
� 

� ����� 6XUYH\�RI�&RZ�&DOI�0DQDJHPHQW�3UDFWLFHV��)DFXOW\�'HYHORSPHQW�$ZDUGV���������� 
� 

� ����� $�6XUYH\�RI�WKH�,QFLGHQFH�RI�2VWHRFKRQGURVLV�LQ�<HDUOLQJ�)HUDO�+RUVHV�� 
� 

1RW�)XQGHG� 
� 
����� -�&�� *DOODQG�� '�5�� +\DWW�� 0XWDWRUV� DQG� (PHUJHQFH� RI� $QWLELRWLF� 5HVLVWDQW� 

3DWKRJHQV�� �1DWLRQDO�  ,QVWLWXWHV�RI�+HDOWK��'HSW�� 2I� +HDOWK� 	� +XPDQ� 6HUYLFHV�� ���� 
��������� 

� 
����� -�&�� *DOODQG��  '��  5��  +\DWW��7UDFLQJ�6SUHDG�  RI�(QWHULF�%DFWHULD�  LQ�%HHI�3URGXFWLRQ�  

8VLQJ�)OXRUHVFHQW�'\H�8QLWHG�6WDWHV� 'HSDUWPHQW� RI� $JULFXOWXUH��&RRSHUDWLYH�6WDWH� 
5HVHDUFK��(GXFDWLRQ�DQG�([WHQVLRQ�6HUYLFH������������� 

� 
����� -�&�� *DOODQG�� '�5�� +\DWW�� 0LFURELDO� &RQVHTXHQFHV� RI� $JULFXOWXUDO� $QWLELRWLF� 8VH�� 

)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ����������� 
� 

����� -�&�� *DOODQG�� -�0�� 6DUJHDQW��'�5�� +\DWW��*�$��  0LOOLNHQ��  0��%RODQG��(��  %DUUHWW��DQG�  
/�� 6SLUH�� � )RRG� 6DIHW\� DQG� 3XEOLF� +HDOWK�� 6SHFLDO� *URXS� ,QFHQWLYH� 5HVHDUFK� 
3URJUDP����������� 

� 
����� -�&�� *DOODQG�� '�5�� +\DWW�� (PHUJHQFH� DQG� 6SUHDG� RI� $QWLELRWLF� 5HVLVWDQW� (QWHULF� 

%DFWHULD�LQ�%HHI�&DWWOH�)HHG\DUGV��86'$�15,&*3������������������ 
� 

� ����� 6DUJHDQW�� -0� DQG� -&� *DOODQG�� 'LVWULEXWLRQ� DQG� $QWLELRWLF� 6XVFHSWLELOLW\� RI� 0DVWLWLV� 
3DWKRJHQV�LQ�.DQVDV�'DLU\�+HUGV��$QLPDO�'LVHDVH���������������� 
� 

� ����� *DOODQG�� -&�� 9HWHULQDULDQ� &HUWLILHG� +$&&3� 3URJUDP� IRU� 5HGXFLQJ� 21�)DUP� 
)RRGERUQH�3DWKRJHQV��86'$�)6,6������������ 
� 

� ����� +)�7URXWW��-&�*DOODQG��%,�2VEXUQ��5HGXFWLRQ�RI�6DOPRQHOOD�DQG�(��&ROL�RQ�1RQ�IHG� 
%HHI�&DUFDVVHV�LQFOXGLQJ�5HFXPEHQW�1RQ�IHG�%HHI�&DWWOH��$�+$&&3�$SSURDFK�0RGHO� 
DW�6HOHFWHG�6ODXJKWHU�3ODQWV�$FURVV�WKH�8QLWHG�6WDWHV��86'$�)6,6������������ 
� 

� ����� 6SLUH�� 0)�� -�� 'URXLOODUG� DQG� -&� *DOODQG�� ,QIUDUHG� 7KHUPRJUDSKLF� 'HWHUPLQDWLRQ� RI� 
WKH�'HUPDWRORJLFDO� (IIHFWV� RQ� WKH�6NLQ� RI�&DWWOH�RI�7RSLFDOO\�$SSOLHG� +LJK�DQG� /RZ� 
'RVH�)HQWKLRQ��&\IOXWKULQ��DQG�'RZDQRO��WKH�&DUULHU��%D\HU�$QLPDO�+HDOWK���������� 
� 

� ����� 6SLUH��0)��-�'URXLOODUG� DQG�-&� *DOODQG��,QMHFWLRQ�6LWH�5HDFWLRQV�$VVRFLDWHG� ZLWK� WKH� 
6XEFXWDQHRXV� $GPLQLVWUDWLRQ� RI� 3DUDVLWLFLGHV�� 'RUDPHFWLQ� DQG� ,YHUPHFWLQ�� 3IL]HU� 
$QLPDO�+HDOWK����������� 
� 
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� ����� *DOODQG�� -&�� --� ,DQGROR�� 5'� 2EHUVW�� 5.� 3KHEXV�� 5LER3ULQWHU� 0LFURELDO� 
&KDUDFWHUL]DWLRQ� 6\VWHP� IRU� 'HWHUPLQLQJ� 0LFURELDO� *HQHWLF� 'LYHUVLW\� LQ� 1DWXUDO� 
+DELWDWV��16)�%,2�,,'�0%(������������ 
� 

� ����� *DOODQG�� -&�� '�5�� +\DWW�� 'ULW]�� 6�6��� &�.�� ,UZLQ�� -�&�� 1HLWIHOG�� DQG� &�*�� 'DYLVRQ�� 
(IIHFWV� RI� VXEWKHUDSHXWLF�  DQWLELRWLFV�  RQ� VKHGGLQJ�  RI� D� PL[WXUH� RI� VXVFHSWLEOH�  DQG�  
UHVLVWDQW� 6DOPRQHOOD� W\SKLPXULXP� H[SHULPHQWDOO\� LQRFXODWHG� LQWR� SLJV�� 1DWLRQDO� 3RUN� 
3URGXFHUV�&RXQFLO����������� 
� 

� ����� *DOODQG�� -&�� '�5�� +\DWW�� 66� 'ULW]�� -�&�� 1HLWIHOG�� $QWLELRWLF� ,QGXFWLRQ� RI� /�)RUP� 
%DFWHULD��865*���������� 

� 
����� -�&��*DOODQG��'�5��+\DWW��&KDQJH�LQ�VXVFHSWLELOLW\�SDWWHUQ�RI�6DOPRQHOOD�W\SKLPXULXP�LQ� 

SLJV� JLYHQ� VXEWKHUDSHXWLF� DQWLELRWLFV�� 3IL]HU� ����� &RPSHWLWLYH� 5HVHDUFK� *UDQW� 
3URJUDP��������� 

� 
����� -�&��*DOODQG��'�5��+\DWW��&KDQJH�LQ�VXVFHSWLELOLW\�SDWWHUQ�RI�6DOPRQHOOD�W\SKLPXULXP�LQ� 

SLJV�JLYHQ�VXEWKHUDSHXWLF�DQWLELRWLFV��'HDQ·V�)XQG���.68��&90��������� 
� 

� ����� 6SLUH��0)��0�'LNHPDQ��-��8QUXK��+�:DONHU��5�-RQHV��-&�*DOODQG��(WLRORJ\�RI�%UXLVLQJ� 
LQ�%HHI�&RZV��86'$�&65((6�15,&*3������������ 
� 

� ����� *LOOHVSLH��-5��-&�*DOODQG��5'�2EHUVW��19�$QGHUVRQ��5.�3KHEXV��(SLGHPLRORJ\�DQG� 
(FRORJ\� RI� (�� FROL� 2����+�� LQ� %HHI� &DWWOH� IURP� 5DQFK� WKURXJK� )HHGORW�� 1DWLRQDO� 
/LYHVWRFN� DQG� 0HDW� %RDUG� 1XWULWLRQ�3URGXFW� 7HFKQRORJ\� 5HVHDUFK� 3URJUDP�� 
���������� 
� 

� ����� *DOODQG��-&�DQG�19�$QGHUVRQ��(YDOXDWLRQ�RI�D�+$&33�3URJUDP�IRU�5HGXFLQJ�2Q� 
)DUP�)RRGERUQH�3DWKRJHQV��$QLPDO�+HDOWK���������������� 
� 

� ����� 6SLUH�� 0)�� -&� *DOODQG� DQG� &� 'HZH\�� ,QYHVWLJDWLRQ� RI� 0RUELGLW\�0RUWDOLW\� 5DWHV� RI� 
0DWXUH� %HHI� &RZV� )HG� LQ� )HHGORW� (QYLURQPHQWV�� $PHULFDQ� 9HWHULQDU\� 0HGLFDO� 
)RXQGDWLRQ�DQG�86'$������*UDQW����������� 
� 

� ����� 6SLUH��0)�� 0� 'LNHPDQ�� -�� 8QUXK�� +�:DONHU��5� -RQHV��-&�*DOODQG��'HWHUPLQDWLRQ� RI� 
&ULWLFDO� &RQWURO�  3RLQWV� LQ�  WKH�  0DQDJHPHQW� RI�  &XOO�  &RZV� WR�  ,QFUHDVH�0DUNHW�  9DOXH��  
$VVXUH�)RRG�6DIHW\��DQG�2SWLPL]H�0HDW�4XDOLW\�DQG�&RPSRVLWLRQ��3KDVH�,��$FTXLVLWLRQ� 
RI�(TXLSPHQW�DQG�([SHUWLVH�WR�6WXG\�&DUFDVV�%UXLVLQJ��.68�6SHFLDO�*URXS�,QFHQWLYH� 
*UDQW������������ 
� 

� ����� 6SLUH��0)�� 0� 'LNHPDQ�� -�� 8QUXK�� +�:DONHU��5� -RQHV��-&�*DOODQG��'HWHUPLQDWLRQ� RI� 
&ULWLFDO� &RQWURO�  3RLQWV� LQ�  WKH�  0DQDJHPHQW� RI�  &XOO�  &RZV� WR�  ,QFUHDVH�0DUNHW�  9DOXH��  
$VVXUH�)RRG�6DIHW\��DQG�2SWLPL]H�0HDW�4XDOLW\�DQG�&RPSRVLWLRQ��3KDVH�,,��(WLRORJ\� 
DQG�3DWKRSK\VLRORJ\�RI�%UXLVLQJ�LQ�&RZV��1DWLRQDO�&DWWOHPHQ
V�$VVRFLDWLRQ������������ 
� 

� ����� 6SLUH��0)��0�'LNHPDQ��-��8QUXK��+�:DONHU��5�-RQHV��-&�*DOODQG��(WLRORJ\�RI�%UXLVLQJ� 
LQ�%HHI�&RZV��1DWLRQDO�&DWWOHPHQ
V�$VVRFLDWLRQ������������ 
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� 
� �����	 $� &RPSDULVRQ� RI� /RQJ� 7HUP� (IIHFWV� RI� 3HGLDWULF� *RQDGHFWRP\� LQ� 3XSSLHV� WR� D� 

&RQWURO�*URXS�RI�7UDGLWLRQDOO\�1HXWHUHG�/LWWHUPDWHV��$90$�� 
�� 

� �����	 *DOODQG�� -&�� $� 3URSRVDO� WR� 'HYHORS� 0XOWLPHGLD�0HGLDWHG� ,QVWUXFWLRQ� )DFLOLWLHV�� 
&RPSXWHU�DQG�,QIRUPDWLRQ�7HFKQRORJ\�$GYLVRU\�&RPPLWWHH����������� 
� 

� �����	 *DOODQG�� -&�� 2Q�)DUP� )RRG� 6DIHW\� DQG� (QYLURQPHQWDO� 0RQLWRU�� 'HDQ
V� 5HVHDUFK� 
*UDQWV���������� 
� 

� ����� *DOODQG��-&��,QWHJUDWHG�3UREOHP�6ROYLQJ��&RQYLQFH����������� 
� 

� ����� *DOODQG��-&��6WDWLVWLFV�LQ�9HWHULQDU\�0HGLFLQH��'HSW��RI�(GXFDWLRQ���),36(������������ 
� 

� �����	 *DOODQG�� -&�� /HDUQLQJ� &RPPXQLWLHV� LQ� )RRG� $QLPDO�� 'HSW�� RI� (GXFDWLRQ� �� ),36(�� 
���������� 
� 

� ����� *DOODQG��-&��,QWHJUDWHG�3UREOHP�6ROYLQJ�LQ�9HWHULQDU\�0HGLFLQH���7KH�4XDQWXP�/HDS� 
$SSURDFK��&219,1&(������������ 

� � 
� ����� *DEEHUW�� 1� DQG� -&� *DOODQG�� &RPSDULVRQ� RI� 5DWH� DQG� 1DWXUH� RI� ,QMXULHV� WR� 

*UH\KRXQGV�LQ������DQG���'RJ�5DFHV��.DQVDV�5DFLQJ�&RPPLVVLRQ��������������� 
� � 

� �����	 *DOODQG�� -&� DQG� 5� (OPRUH�� &R�2FFXUUHQFH� RI� 'LVHDVH� DQG� 7R[LQV� LQ� /LYHVWRFN�� 
:LOGOLIH�� 3HWV�� DQG� +XPDQV� RQ� )DUPV�� ����� 3URSRVDO� WR� .DQVDV� $JULFXOWXUH� 
([SHULPHQW�6WDWLRQ�� 
� 

� �����	 *DOODQG�� -&�� ,QWHU�,QVWLWXWLRQDO� /HDUQLQJ� &RPPXQLWLHV� LQ� )RRG� $QLPDO� 9HWHULQDU\� 
&XUULFXOXP��86'$�+LJKHU�(GXFDWLRQ�&KDOOHQJH�*UDQW������������ � 
� 

� �����	 *DOODQG��-&��&HQWHU�IRU�)RRG�$QLPDO��86'$�&KDOOHQJH����������� 
� � 

� �����	 *DOODQG�� -&��  7RZDUG� WKH� (VWDEOLVKPHQW�  RI� D� &HQWHU�  RI� ([FHOOHQFH�  IRU� 7UDLQLQJ�  
9HWHULQDU\� 6WXGHQWV� LQ� )RRG� $QLPDO� 3RSXODWLRQ� 0HGLFLQH�� 86'$� &KDOOHQJH� *UDQW�� 
���������� 

�

(/(&7,216�$1'�$332,170(176�

�	 � � � � 
• 86'$�)RRG�6DIHW\�3DQHO��:DVKLQJWRQ�'&��-XO\���²��������� 
• 3UHVLGHQW��$PHULFDQ�6RFLHW\�IRU�9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV�������������� 
•	 &KDLUSHUVRQ�� &RPSXWLQJ� DQG� ,QIRUPDWLRQ� 7HFKQRORJ\� $GYLVRU\� &RPPLWWHH�� 

&RPSXWLQJ�DQG�1HWZRUN�6HUYLFHV�6XEFRPPLWWHH������������� 
•	 6HFUHWDU\�� 1&5������ (SLGHPLRORJ\� DQG� (FRQRPLFV� RI� $QLPDO� 'LVHDVH� /RVVHV� DQG� 

(FRQRPLFV������������� � � 
•	 3UHVLGHQW�� 1&5������ (SLGHPLRORJ\� DQG� (FRQRPLFV� RI� $QLPDO� 'LVHDVH� /RVVHV� DQG� 

(FRQRPLFV������������� 
� �	 � 
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,19,7('�6(0,1$56�

� � � � � 
���� -�&�� *DOODQG��  +�)�� 7URXWW�� 5�/��  %UHZHU��  %�,�� 2VEXUQ�� &��  5RVVLWHU�� '��  5�� +\DWW��  

3UHVHQW�FRQFHSWV�RQ�EHHI�FRQWDPLQDWLQJ�SDWKRJHQV��;;,�:RUOG�%XLDWULFV�&RQJUHVV�� 
'HFHPEHU������������3XQWD�GHO�(VWH��8UXJXD\�� 

� 
� ����� -�&�� *DOODQG�� *�$�� 0LOOLNHQ�� '�5�� +\DWW�� 0�$�� +RUQEDFN�� .�� &XGMRH�� 3RZHU� RI� 

0L[HG� 0RGHOV� LQ� 6WUXFWXUHG� 'HVLJQV�� /DERUDWRU\� ,QVWUXPHQW� (YDOXDWLRQ�� (OHYHQWK� 
$QQXDO� .DQVDV� 6WDWH� 8QLYHUVLW\� &RQIHUHQFH� RQ� $SSOLHG� 6WDWLVWLFV� LQ� $JULFXOWXUH�� 
.DQVDV�6WDWH�8QLYHUVLW\��0DQKDWWDQ��.6��$SULO�������������� � 

� 
� ����� %OXH�5LEERQ�7DVN�)RUFH�RQ�(��FROL�2����+���$WODQWD��*HRUJLD��1RYHPEHU�������������� 

� 
� ����� 1&5�����0HHWLQJ��0DGLVRQ��:LVFRQVLQ��1RYHPEHU�������������� 

� 
� ����� (��FROL�5HJLRQDO�&RQIHUHQFH��6HDWWOH��:DVKLQJWRQ��1RYHPEHU������������ 

� 
� ����� /RJLVWLF�5HJUHVVLRQ�:RUNVKRS��:DVKLQJWRQ��'&��2FWREHU�������������� 

� 
� ����� 6DIH*XDUG�� $� 4XDOLW\� $VVXUDQFH� 3URJUDP�� ;;9,� $PHULFDQ� $VVRFLDWLRQ� RI� %RYLQH� 

3UDFWLWLRQHUV�&RQIHUHQFH��$OEXTXHUTXH��1HZ�0H[LFR��6HSWHPEHU�������� 
� 

� ����� 9RLFH�&RQWURO��,QWHJUDWHG�9RLFH�7HFKQRORJ\�ZLWK�9HWHULQDU\�5HFRUG�.HHSLQJ��3URFHVV� 
5HFRUGV� ZKLOH� 3DOSDWLQJ� %HHI� &DWWOH�� ;;9,� $PHULFDQ� $VVRFLDWLRQ� RI� %RYLQH� 
3UDFWLWLRQHUV�&RQIHUHQFH��$OEXTXHUTXH��1HZ�0H[LFR��6HSWHPEHU����������� 
� 

� ����� 1DWLRQDO�&DWWOHPHQ
V�$VVRFLDWLRQ�0LG\HDU�&RQIHUHQFH��$XJXVW������������ 
� 

� ����� )RRG�6DIHW\�6WUDWHJ\�0HHWLQJ��.DQVDV�&LW\��0LVVRXUL��$SULO����0D\���������� 
� 

� ����� :DWHU�DQG�WKH�)XWXUH�RI�.DQVDV�6HPLQDU��0DQKDWWDQ��.DQVDV��0DUFK������������ 
� 

� ����� )RRG�%RUQH�'LVHDVHV�:RUNVKRS��'DYLV��&DOLIRUQLD��-DQXDU\������������� 
� 

� ����� 'HVNWRS�+DUGZDUH�DQG�6RIWZDUH�IRU�'HYHORSLQJ�,QWHUDFWLYH�0XOWL�0HGLD�,QVWUXFWLRQ�LQ� 
9HWHULQDU\�0HGLFLQH��0XOWLPHGLD�0HGLDWHG�,QVWUXFWLRQ�)DLU��.68��-DQXDU\������� 
� 

� ����� 3UHVHQWDWLRQ�DW�$FDGHP\�RI�9HWHULQDU\�&RQVXOWDQWV�LQ�'HQYHU��&RORUDGR��'HFHPEHU��� 
�������� 
� 

� ����� &RPSXWHUV� LQ� 'LVWDQFH� (GXFDWLRQ�� )DFXOW\� 'HYHORSPHQW� :RUNVKRS� RQ� 0HGLDWHG� 
,QVWUXFWLRQDO�'HVLJQ��2FWREHU�������� 
� 

� ����� 6DIHJXDUG� �� 4XDOLW\� $VVXUDQFH� 3URJUDP�� ,PSOHPHQWDWLRQ� RI� D� &RZ�&DOI� ,50� 
&RPSXWHU�3URJUDP�LQ�9HWHULQDU\�3UDFWLFH��6HSWHPEHU�������� � 
� 

� ����� 7H[DV�/RQJKRUQ�%UHHGHUV�$VVRFLDWLRQ�RI�$PHULFD��0D\�������� 
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� 
� ����� 5HFRUG�.HHSLQJ��6HFRQG�$QQXDO�&DQLQH�.HQQHO�0DQDJHPHQW��0DUFK������� 

� 
� ����� �7KH� 3RZHU� RI� &RPSXWHU� %DVHG� 5HFRUG� .HHSLQJ� IRU� 5HJLVWHUHG� &DWWOH� %UHHGHUV��� 

7H[DV�/RQJKRUQ�%UHHGHUV�$VVRFLDWLRQ�RI�$PHULFD��2FWREHU��������

�

3$1(/�5(9,(:(5�

� � � �	 � 
• 86'$�

�

$'�+2&�5(9,(:(5� 
� � � �	 � 
• 7R[LFRORJ\� 
• )'$��$56��86'$��15,&*3� 

�

81,9(56,7<�7($&+,1*�

� � � � � 

3RVWGRFWRUDO�6WXGHQWV� 
� 

•	 'RUHHQH�5��+\DWW����\HDUV��+HDG��%DFWHULRORJ\�6HFWLRQ�&ROOHJH�RI�9HWHULQDU\�0HGLFLQH��

&RORUDGR�6WDWH�&ROOHJH�


• 6FRWW�&UXSSHU����\HDU��$VVLVWDQW�3URIHVVRU��(PSRULD�6WDWH�&ROOHJH� 
•	 ,QJULG�)HGHU����\HDU��5HVHDUFK�6FLHQWLVW��86'$�$56� 

� 
*UDGXDWH�6WXGHQWV� 

�

0DMRU�3URIHVVRU��


• &KULVWD�,UZLQ� 0�6�� &OLQLFDO�6FLHQFHV� 
• 0DWW�9DQ%DOOH� 3K�'�� 3DWKRELRORJ\�


3K�'��&RPPLWWHHV��

• %ULDQ�)HUJHQ� � 6WDWLVWLFV� 
• 7LQJ�-LDQ�*RQJ�� &RPSXWHU�6FLHQFH� 
• <L:HL�&KLDR� � &RPSXWHU�6FLHQFH�


8QGHUJUDGXDWH�VWXGHQW�PHQWRU��

• ���������� � 0LFKDHO�+RUQEDFN� � 0LFURELRORJ\� 
• ���������� � 7LP�%URZQ� � � 0LFURELRORJ\� 
• ���������� � 0HOLVVD�0XUSK\� � 0LFURELRORJ\� 
• ���������� � 0DWWKHZ�'HYOLQ� � %LRORJ\� 
• ���������� � 'XVW\�:RRGV� � � $QLPDO�6FLHQFH� 
• ���������� � 'DYLG�6WXHYHU� � � 0LFURELRORJ\� 
• ���������� � -HQQLIHU�:DONHU� � $QLPDO�6FLHQFH� 
• ���������� � /HDK�)HUJXVRQ�� � $QLPDO�6FLHQFH� 
• ���������� � 0DU\�6FKUDQGW�� � $QLPDO�6FLHQFH� 
• ���������� � (OL]DEHWK�.RHUQHU� � 0LFURELRORJ\� 
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• ���������� � /HLOD�1\EHUJ� � � 0LFURELRORJ\� 
• ���������� � $DURQ�&DUPDQ�� � 0LFURELRORJ\� 
• ���������� � -LP�+DUULV� � � 0LFURELRORJ\� 
• ���������� � 5HEHFFD�/RKPDQ� � 0LFURELRORJ\� 
• ����� � (ULND�%DUUHWW� � � $QLPDO�6FLHQFH� 
• ����� � (PLO\�-RKQVRQ�� � $QLPDO�6FLHQFH� 
• ���������� � &KULVW\�'DYLVRQ� � 9HWHULQDU\�7HFKQLFLDQ� 
• ����� � 0DWWKHZ�6HOHH� � � $QLPDO�5HVHDUFK�7HFKQLFLDQ� 
• ����� � /RUL�+HOPOH� � � $QLPDO�5HVHDUFK�7HFKQLFLDQ� 
• ����� � &DUD�)HKO� � � $QLPDO�5HVHDUFK�7HFKQLFLDQ� 
• ����� � -DVRQ�*DOODQG� � � 'DWD�(QWU\� 
• ����� � 6WHSKHQ�+RJJH�� � $VVLVWDQW�

�


&RXUVHV� 
� 

• 6WDWLVWLFV�LQ�(SLGHPLRORJ\��&6����� 
• 3URGXFWLRQ�0HGLFLQH��&6����� 
• 8QGHUVWDQGLQJ�$QWLEDFWHULDO�$FWLRQ�DQG�5HVLVWDQFH� 
� 

/HFWXUHV� 
� 

• 3URGXFWLRQ�0HGLFLQH�(OHFWLYH��&6������ 
•	 7KH� ,QWHULQVWLWXWLRQDO� 6SHFLHV�6SHFLILF� )RRG� $QLPDO� 3URGXFWLRQ� 0HGLFLQH� 3URJUDP�� &RZ� 

&DOI�5RWDWLRQ�� 
• &RQWLQXLQJ�(GXFDWLRQ��&OLQLFDO�7ULDO�'HVLJQ��([HFXWLRQ��DQG�,QWHUSUHWDWLRQ� 
• &RQWLQXLQJ�(GXFDWLRQ��&OLQLFDO�(SLGHPLRORJ\��0RGHUQ�7RROV�IRU�6ROYLQJ�'LVHDVH�3UREOHPV� 
• )RRG�$QLPDO�/HDUQLQJ�&RPPXQLW\� 
• 'DLU\�1XWULWLRQ�0LQL�(OHFWLYH� 
• &RZ�+HUG�0DQDJHPHQW�6FKHGXOH��(SL,QIR��&DWWOH*XDUG� 
• 3UHKDUYHVW�)RRG�6DIHW\��6DOPRQHOOD��(��FROL��&U\SWRVSRULGLXP��+HOLFREDFWHU�� 
• 3RSXODWLRQ�0DQDJHPHQW�'LVHDVH� 
• 7R[LFRORJ\��(VVHQWLDOV�RI�(SLGHPLRORJ\� 
� 
&200,77((6� 
� 

1DWLRQDO� 
� 

•	 $PHULFDQ� 6RFLHW\� IRU� 9HWHULQDU\� (SLGHPLRORJ\� DQG� (FRQRPLFV� �$69((��� )RXQGLQJ� 
3UHVLGHQW������������� 

•	 1RUWK� &HQWUDO� 5HJLRQ������ (SLGHPLRORJ\� DQG� (FRQRPLFV� RI� $QLPDO�'LVHDVH� /RVVHV� DQG� 
3UHYHQWLRQ��6HFUHWDU\������������ 

•	 1RUWK� &HQWUDO� 5HJLRQ������ (SLGHPLRORJ\� DQG� (FRQRPLFV� RI� $QLPDO�'LVHDVH� /RVVHV� DQG� 
3UHYHQWLRQ��3UHVLGHQW������������ 
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• 7KH� ,QWHULQVWLWXWLRQDO� 6SHFLHV�6SHFLILF� )RRG� $QLPDO� 3URGXFWLRQ� 0HGLFLQH� 3URJUDP��

4XDQWLWDWLYH�$SSOLFDWLRQV�$GYLVRU\�&RPPLWWHH��&KDLUPDQ������������


•	 7KH� ,QWHULQVWLWXWLRQDO� 6SHFLHV�6SHFLILF� )RRG� $QLPDO� 3URGXFWLRQ� 0HGLFLQH� 3URJUDP�� &R� 
3ULQFLSDO�,QYHVWLJDWRU�������3UHVHQW� 

• %OXH�5LEERQ�7DVN�)RUFH�RQ�(��FROL�2����+�������� 
� 

8QLYHUVLW\� 
� 

• )DFXOW\�6HQDWH�������3UHVHQW� 
• ,QVWLWXWLRQDO�$QLPDO�8VH�DQG�&DUH�&RPPLWWHH�������3UHVHQW� 
• &RPPXQLFDEOH�'LVHDVH�&RPPLWWHH������� 
•	 ([SHULPHQWDO� 'HVLJQ� $GYLVRU\� 0HPEHU�� ,QVWLWXWLRQDO� $QLPDO� 8VH� DQG� &DUH� 

&RPPLWWHH����������� 
• &RPSXWLQJ�DQG�,QIRUPDWLRQ�7HFKQRORJ\�$GYLVRU\�&RPPLWWHH������������ 
•	 &RPSXWLQJ� DQG� ,QIRUPDWLRQ� 7HFKQRORJ\� $GYLVRU\� &RPPLWWHH�� &RPSXWLQJ� DQG� 1HWZRUN� 

6HUYLFHV�6XEFRPPLWWHH��&KDLUPDQ������������ 
•	 &RPSXWLQJ� DQG� ,QIRUPDWLRQ� 7HFKQRORJ\� $GYLVRU\� &RPPLWWHH�� ([HFXWLYH� &RPPLWWHH�� 

���������� 
• .DQVDV�$JULFXOWXUDO�([SHULPHQW�6WDWLRQ�6WUDWHJLF�3ODQQLQJ�7DVN�)RUFH������������ 
� 

&ROOHJH� 
� 

• &XUULFXOXP�&RPPLWWHH������������ 
• %LRPHGLFDO�5HVHDUFK�%XLOGLQJ�3ODQQLQJ�&RPPLWWHH���)RRG�6DIHW\�6XEFRPPLWWHH������� 
� 

'HSDUWPHQW� 
� 

• 'UXJ�7KHUDS\�LQ�&RUH�&XUULFXOXP�&RPPLWWHH������������ � 
• &XUULFXOXP�&RPPLWWHH������������ 
• 1HZ� 6XSSOLHV� DQG� 3KDUPDFHXWLFDOV� DQG� 0DMRU� (TXLSPHQW� &RPPLWWHH�� ����������� ����� 

����� 
• +RVSLWDO�0DQDJHPHQW�DQG�0HGLFDO�5HFRUGV�$GYLVRU\�&RPPLWWHH����������������������� 
• 5HVHDUFK��6FKRODUVKLS���/LEUDU\��DQG�$QLPDO�:HOIDUH�&RPPLWWHH������������ 
� 
0(0%(56+,36� 
� 
• $PHULFDQ�6RFLHW\�IRU�0LFURELRORJLVWV�������3UHVHQW� 
• $PHULFDQ�$VVRFLDWLRQ�RI�%RYLQH�3UDFWLWLRQHUV������3UHVHQW� 
• ,QWHUQDWLRQDO�6RFLHW\�IRU�(FRV\VWHP�+HDOWK�������3UHVHQW� 
• $PHULFDQ�6RFLHW\�IRU�9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV������������ 
� 
63(&,$/�,17(5(676� 
� � � � � 
6DLOLQJ��)O\LQJ��&RPSHWLWLYH�6ZLPPLQJ��8QGHUZDWHU�'LYLQJ��6QRZ�6NLLQJ��-D]]�'UXPPLQJ� 



Junyu (Allen) Zheng 

102, Hollingsworth Ct., Apt. H, Cary, NC  27513 

Email: zhengjunyu@hotmail.com or jzheng3@eos.ncsu.edu 
919-467-8197 (Home) 
919-412 -0976 (Cell) 

EDUCATION 

Ph.D. in Environmental Engineering, North Carolina State University Aug. ’98 – May. ‘02 
GPA : 3.6/ 4.0 

MS In Environmental Engineering, Tsinghua University, Beijing, China      	      Sep. '93 – Jun. '96 
GPA : 3.7/ 4.0  

BS  in Water Supply and Drainage Engineering  Aug. '87 – Jun. '91 
   Wuhan Urban Construction Institute ,Wuhan, China First Class with Honors 

AREAS OF INTEREST 

• Probabilistic ecological or human health risk assessment, variability and uncertainty analysis 
• Pollutant fate and transport modeling (water, air, and soil), scientific computing 
• Software development in environmental system and database management 

COMPUTER SKILL 

Operating Systems: DOS, Windows 9x/2XP/NT, Unix, and Macintosh

Languages and protocol: Visual C++, C/C++, Fortran 90, Java, Visual Basic, Active X, SQL,


  Access, ODBC,DAO, HTML/XML, ASP and TCP/IP

Application software: Microsoft office, Analytic, SAS, Crystal Ball, ArcView GIS 


STATISTICAL AND MATHMATICAL SKILLS 

Bootstrap simulation, Two-staged Monte Carlo simulation, parameter estimation based on single or mixture 
distributions, measurement error analysis, multivariate regression analysis, time series analysis, nonlinear 
optimization 

EDUCATION 

Ph.D. in Environmental Engineering, North Carolina State University Aug. '98 – May. ‘02 
GPA : 3.6/ 4.0 

MS In Environmental Engineering, Tsinghua University, Beijing, China      	      Sep. '93 – Jun. '96 
GPA : 3.7/ 4.0  

BS  in Water Supply and Drainage Engineering Aug. '87 – Jun. '91 
   Wuhan Urban Construction Institute ,Wuhan, China    First Class with Honors 

WORK EXPERIENCE

 Research Associate, Department of Civil Engineering, North Carolina State University            May.’02 – present 

 Research Project:  
• Uncertainty analysis of SHEDS/Pesticide model (working with NCEA/ORD/EPA, RTP, NC)


       Consulting Project: 


Research Assistant, 	 Computational Lab for Energy, Air and Risk, North Carolina                   Aug. '98 – May. ‘02 
    State University 

Research projects: 
•	  Study on quantification of variability and uncertainty: general methodology and software      

      implementation  (Ph.D. Dissertation) 
� The accompanying software AuvTool (Analysis of Uncertainty and Variability Tool), developed 
using Visual C, will become a module of the EPA/SHEDS (Stochastic Human Exposure and Dose 
Simulation ) model for quantifying variability and uncertainty.  The tool can also be generally 

1 



applicable any quantitative analysis fields where variability and uncertainty analysis is needed.  The 
project is partly sponsored by the ORD office, EPA, Research Triangle Park, NC 

•	     Development of probabilistic emission inventories and its software implementation with GUI using
       Visual C++, Visual Fortran 6.0, Microsoft Access and Graphic Control 
•	 Probabilistic Exposure Assessment of PCBs in the community surrounding New Bedford Harbor

      Consulting project: 
•	 Probabilistic Exposure Assessment of PCBs in the community surrounding New Bedford Harbor 
•	 Probabilistic Health Risk Assessment of Salmonella Enteritidis in Egg Products 

Software Developer, Beijing Kelier Information System Inc.  Beijing, China 
•	 Responsible for the software development and its local network installation of Automatic Telephone  
       Check Query System       Aug. ’96 – Dec. '97 

       Research Assistant, Environmental System Lab, Tsinghua University, China      Sep. '93 – Jun. '96 
Research projects: 

•	   A study on application of Monte Carlo simulation to municipal wastewater marine disposal

  engineering (Master's Thesis) 


•	 A feasibility study on Baoan (Shenzhen) municipal wastewater discharged into Zhujiang estuary 

         Water Supply Process Manager, Power Plant, Beijing Yanshan Petrol &   July. '91 – Aug. '93 

Chemical Corp., Beijing, China 


AWARDED PROPOSALS 

1.	 Development of a Module for Statistical Analysis of Variability and Uncertainty, sponsored by Office of

Research and Development, EPA, RTP, NC.  


2.	 Uncertainty Analysis of the SHEDS/PESTICIDES Model, sponsored by Office of Research and Development, EPA, 
RTP, NC. 

PUBLICATIONS 

Journals: 

Frey, H.C., J. Zheng  " Quantification of Variability and Uncertainty in Air Pollutant Emission Inventories: Method 
and Example Case Study for Utility NOx Emissions , " (Accepted for publication, J. of the Air and Waste 
Management  Association ) 

Frey, H.C., J. Zheng,   “Probabilistic Analysis of Driving Cycle-Based Highway Vehicle Emission Factors,”  

(Accepted for publication, 2002, Environmental Science and Technology) 


Zheng, J. H.C., Frey,  “Quantification of Variability and Uncertainty Using Mixture Distributions: Evaluation of

Sample Size, Mixing Weight and Separation between Components,” Risk Analysis (Submitted)


Zheng, J. H.C., Frey,  “Quantitative Analysis of Variability and Uncertainty with Measurement Error: Methodology 
and Case Study” Risk Analysis (Submitted) 

Peer-Reviewed Conference Paper: 

Zheng, J., H.C. Frey, “Development of a Software Module for Statistical Analysis of Variability and Uncertainty,” 

2002 Annual Conference of A&WMA, Baltimore, MA, June 22-25, 2002 


Frey, H.C., J., Zheng, , “Quantification of Variability and Uncertainty in Emission Inventories: A Prototype           
Software   Tool with Application to Utility NOx Emissions,” 2001 Annual Conference of A&WMA, Orlando, Florida, 
June 24~28,2001 

Zheng, J.,  H.C. Frey, “Quantification of Variability and Uncertainty in Emission Estimation Using Mixture 

Distribution,” 2000 Annual Meeting Society for Risk Analysis Crystal City, VA, December 5, 2000 
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Zheng, J., A. Unal, H.C. Frey, “Variability and Uncertainty Analysis of CO Exposure to Vehicle Passengers During 
Cold-Start,” 2000 Annual Conference of A&WMA, Salt Lake City, Utah, June 18~22,2000 

Frey, H.C., R.Bharvirkar, J. Zheng, “Quantification of Variability and Uncertainty in Emission Factor,” 1999 
Conference of A&WMA, St. Louis, Missouri, June 15 ~ 19,1999 

He,Q., J. Zheng, L. Ding, “Study on Environmental Monitoring System of Wastewater Ocean Disposal Engineering,” 
The third conference on environmental issue across two sides of Taiwan Strait, Aug. 29 ~ 31, 1995, Beijing 

Technical Reports: 

 Zheng, J.,  H.C. Frey, AuvTool User’s Guide, Prepared by North Carolina State University for the U.S. Environmental 
Protection Agency, Research Triangle Park, NC.  January, 2002 

Frey, H.C. and J. Zheng, Technical Documentation for Analysis of Variability and Uncertainty for the AuvTool, 
Prepared by North Carolina State University for the U.S. Environmental Protection Agency, Research Triangle Park, 
NC.  January, 2002 

Frey, H.C., J. Zheng, Methods and Example Case Study for Analysis of Variability and Uncertainty in Emission  
     Estimation (AUVEE), Prepared by North Carolina State University for Office of Air Quality Planning
     and Standards, U.S. Environmental Protection Agency, Research Triangle Park, NC, Feb. 2001.  

     Frey, H.C., Zheng, J., User’s Guide for Analysis of Variability and Uncertainty in Emission Estimation, Prepared  
     by North Carolina State University for Office of Air Quality Planning and Standards, U.S Environmental      

Protection Agency, Research Triangle Park, NC, September, 2000. 

Frey, H.C., R. Bharvirkar, J. Zheng, Quantitative Analysis of Variability and Uncertainty in Emissions Estimation, 

Final Report, Prepared by North Carolina State University for Office of Air Quality Planning and  Standards, U.S.

Environmental Protection Agency, Research Triangle Park, NC, July 1999.


PROFESSIONAL ACTIVITY 

Co-Organizer, Workshop on Bootstrap Simulation and Two-Dimensional Monte Carlo Simulation:  Dealing with 
Variability and Uncertainty, Mixture Distributions, Measurement Error, and Censored Data, Society for Risk Analysis, 
New Orleans, LA, December 8, 2002 with H. Christopher Frey (North Carolina State University). 

Member of Society for Risk Analysis 

Member of Air and Waste Management Association. 
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CURRICULUM VITAE 

Name: Bram E.C. Schreuder  
Proposed position:  Veterinary investigations specialist/ epidemiologist 
Years with firm: 20 
Date, place of birth: April 17th, 1946; Leeuwarden 
Nationality:  Dutch 
Civil status: married, 2 children (1977 and 1980) 

Present address:	 c/o DLO-Institute for Animal Science and Health 
P.O.Box 65  8200 AB Lelystad, 
The Netherlands 
phone: +31.320.238238 / 238385 (direct)   
fax:  +31.320.238050 
E-mail:  b.e.c.schreuder@id.dlo.nl 

Key qualifications 
General disease investigation in large and small ruminants; registered specialist in small ruminant 
diseases; diagnostic investigations; research in tickborne diseases; design and organization of 
epidemiological surveys, disease-eradication and -control schemes. 

Education: 
State University Utrecht (1971) 
(Subject faculty) Degree in Veterinary medicine 
(Principal subjects) Veterinary medicine 
(Minor subjects) Tropical animal health & husbandry 
Postgraduate training in pathology (1980), diseases of small ruminants (1982), immunology (1985), project 
formulation (1990), molecular biology (1991), veterinary epidemiology (1992), animal health economics 
(1995); 
PhD on epidemiological aspects of BSE and scrapie (Utrecht, 1998) 

Experience Record: 

LONG TERM ASSIGNMENTS 

COUNTRY EOD NTE ORGANIZATION/PROJECTPOST-TITLE 

Netherlands 7107 7111 Various Private  Locum 
Practices 

Afghanistan 7112 7312 FAO Demonstration in Associate Expert 
Animal Health Epizootiology 

Tanzania 7403 7602 FAO Research Tickborne Epizootiologist 
Diseases Tickborne Diseases 

Nigeria 7610 7812 DITH/MARA Veterinary Officer-in-charge 
Investigation Laboratory 

Netherlands 7911 0000 DLO-Central Veterinary Co-worker Dept. of 
Institute  Herd Health, Pathology 

and Epidemiology 
9101 0000	 DLO-Inst. of Animal Teamleader scrapie/BSE project; 

Science and Health co-ordinator Veterinary 
(ID-DLO) Development cooperation 
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SHORT TERM ASSIGNMENTS 

COUNTRY EOD NTE	 ORGANIZATION/PROJECT POST-TITLE 

Benin 8304 8310 FAO Laboratoire de Consultant diagnostique 
Diagnostique Vétérinaire vétérinaire 

Indonesia 8405 8407 DGIS/Euroconsult Consultant in veterinary 
laboratory technique 

Turkey 8506 8508 FAO / World Bank; Consultant in veterinary 
8606 8609 Erzurum integrated rural investigations and 

development project laboratory techniques 
Pakistan 8701 8702 	Min. of Foreign Project Identification 

Affairs - Emergency Mission, Livestock 
assistance Programs 

Turkey 8703 8705 FAO / World Bank; ERDP Consultant in veterinary 
epidemiology 

Niger 8711 8711 USAID/TUFTS University; Teaching diseases of 
Projet d'élevage integré small ruminants 

Pakistan 8809 8810 	 Min. of Foreign Affairs; Training & Demonstration 
Vet. Training & Support in Animal Health; 
Centre for Afghanistan project implementation 

East Africa 8906 8907 	 FAO/DGIS East Coast Fever Formulation mission for 
Vaccine production, ECF vaccine production 
Quality control and  and immunization in 
immunization SADCC countries 

Malawi 9003 9003 	DGIS/FAO; ECF vaccine Tripartite evaluation 
production and mission; Malawi 
immunization 

Afghanistan 9105 9105 	UNDP/Dutch Committee Rehabilitation of 
for Afghanistan (DCA)	 veterinary services in 

Afghanistan; project 
formulation mission 

Turkey 9110 9110 FAO research in sheep  Epidemiological and 
9202 9202 abortion in Central laboratory diagnosis of 

Anatolia small ruminant diseases 
Afghanistan 	 9203 9204 DGIS / DCA-VTSC; Assessment of impact of 

9301 9302 rehabilitation of veterinary programme; 
9404 9404 veterinary services design and follow-up 

in Afghanistan of impact-study 
Tanzania 9408 9408 ID-DLO project identification 
Turkey and Afghanistan still ongoing 

LANGUAGES READ	 WRITE SPEAK 
Dutch Excellent 
English Excellent 
French Good 
German Good 
Farsi n.a. 
Kiswahili Slight 

Excellent Excellent (mothertongue) 
Excellent Excellent 
Good Good 
Fair Fair 
n.a Fair 
Slight Slight 

Selected Relevant Publications: 

Identification of allelic variants of the sheep PrP gene and their association with natural scrapie. 
P.B.G.M. Belt, I.H. Muileman, B.E.C. Schreuder, J. Bos-de Ruijter, A.L.J. Gielkens and M.A. 
Smits. J. of Gen. Virol. 1995; 76: 509-517. 
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Immunohistochemical detection and localization of prion protein in lymphoid tissue of sheep with 
natural scrapie. L.J.M. van Keulen, B.E.C. Schreuder, R.H. Meloen, G. Mooij-Harkes, M.E.W. 
Vromans, J.P.M. Langeveld. J. Clin. Microbiol. 1996; 34 (5): 1228-1231. 

Preclinical test for prion diseases. B.E.C. Schreuder, L.J.M. van Keulen, M.E.W. Vromans, 
J.P.M. Langeveld, and M.A. Smits. Nature 1996; 381: 563. 

BSE: a European problem. B.E.C. Schreuder and O.C. Straub. Vet Record 1996; 138: 575 
(Letter Ed.) 

PrP genotype contributes to determining survival times of sheep with natural scrapie. Alex 
Bossers / Bram E. C. Schreuder, Ida H. Muileman, Peter B. G. M. Belt and Mari A. Smits. 
Journal of Gen. Virol. 1995; 77:2669-2673 (short commun.). 

Risk of BSE from the import of cattle from the United Kingdom into countries of the European 
Union. B.E.C.Schreuder, J.W. Wilesmith, J.B.M. Ryan and O.C. Straub. Vet Record 1997; 141: 
187- 190. 

Prion protein and scrapie susceptibility. M.A. Smits, A. Bossers and B.E.C. Schreuder. Vet 
Quarterly 1997; 19: 101-105. 

Control of scrapie eventually possible? B.E.C. Schreuder, L.J.M. van Keulen, M.A. Smits, J.P.M. 
Langeveld, and J.A. Stegeman. Vet. Quarterly 1997; 19: 105-113. 

Studies on the efficacy of hyperbaric rendering procedures in inactivating BSE and scrapie 
agents. B.E.C.Schreuder, R. E. Geertsma, L.J.M. van Keulen, J.A.A.M. van Asten, P. Enthoven, 
R.C. Oberthür, A.A. de Koeijer, and A.D.M.E. Osterhaus. Vet Record 1998; 142: 474-480. 

Tonsillar biopsy as a tool for a pre-clinical diagnosis of scrapie. B.E.C. Schreuder, L.J.M. van 
Keulen, M.E.W. Vromans, J.P.M. Langeveld, and M. Smits. Vet Record 1998; 142: 564-568. 
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CURRICULUM VITAE - J. W WILESMITH


Name: John William Wilesmith 

Title: Professor 

Address: Epidemiology Department, Veterinary Laboratories Agency 
(Weybridge), New Haw, Addlestone, Surrey, KT15 3NB, 
England 

Telephone: 

Fax: 

E-mail:

01932 357618  (Direct line)  (Currently until 8 February 2002: 
020 7904 8266) 
01932 349983  (Currently until 8 February 2002: 020 7904 
8190) 
j.w.wilesmith@vla.defra.gsi.gov.uk, or,  
john.wilesmith-fmd@defra.gsi.gov.uk 

Date of birth: 11 February 1948 

Nationality: British 

GRADUATE AND POSTGRADUATE  EDUCATION 

1982-83 Postgraduate Diploma in Biometry, North East London 
Polytechnic. 

1976-77 Postgraduate Course in Medical Statistics and Epidemiology, 
London School of Hygiene and Tropical Medicine, University 
of London. 

1966-71 Batchelor of Veterinary Science degree course, University of 
Bristol. 

2001 Doctor of Science, Massey University (submitted) 

POSTGRADUATE EMPLOYMENT AND EXPERIENCE


1971-76 Veterinary surgeon in mixed (mainly cattle, sheep and 
companion animals) veterinary practice, Llandeilo, Dyfed 

1976-82 Veterinary Research Officer, Epidemiology Department, 
Central Veterinary Laboratory, New Haw, Addlestone, Surrey. 

1978 (Mar-Oct): Research Fellowship - Veterinary Epidemiologist, 
Bundesforschungsanstalt für Viruskrankheiten der Tiere, Paul-
Ehrlich Strasse 28, Postfach 1149, 74-Tübingen, Germany. 

1982-86 Senior Veterinary Research Officer, Epidemiology Department, 
Central Veterinary Laboratory, New Haw, Weybridge, Surrey. 

1986-present Grade 5, Head of Epidemiology Department, 
Central Veterinary Laboratory, New Haw, Addlestone, Surrey. 

jwscvpf.doc 
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2000-present Visiting Professor, Department of Infectious and Tropical 
Diseases, London School of Hygiene and Tropical Medicine, 
University of London. 

2001 (Feb-present) Veterinary Head, Epidemiology Team, State Veterinary 
Services, Department for Environment, Food and Rural Affairs, 
1a Page Street, London (for duration of FMD epidemic) 

HONORARY ADVISORY POSITIONS 

1978-present Editor of English abstracts in Tierärtzliche Umschau, Terra-
Verlag, Konstanz 

1985-90 Member of Editorial Board of Veterinary Preventive Medicine. 

1990-present Member of Editorial Board of The Journal of Dairy Research. 

1988 Scientific advisor to the Southwood Committee on Bovine 
Spongiform Encephalopathy. 

1991 Member of advisory committee for the funding of research on 
the epidemiology of diseases of wildlife by the National 
Environmental Research Council. 

1991 Advisor on Epidemiological Research projects funded by the 
Horserace Levy Betting Board of Great Britain 

1988-1997 Expert advisor on animal diseases to DG VI, European 
Commission and member of the BSE Epidemiology Sub Group 
of the Scientific Veterinary Committee 

1988-present Expert advisor on TSEs and TB to the WHO. 

1990-1997 Advisor to the Spongiform Encephalopathy Advisory 
Committee and member of the Epidemiology Sub Group of 
SEAC 

1995-1997 Member of the Medical Research Council CJD Surveillance 
Committee 

1995-present Member of the MAFF/ Department of Health’s Epidemiology 
of Foodborne Infections Group 

1996-present Founder member of the Academic Board of the VLA 

1996-present Consultant on veterinary epidemiology and the TSEs to FAO, 
Rome 

1997-present Expert advisor to DG XXIV, European Commission, member 
of Scientific Steering Group sub group on modelling of BSE 
and risk assessment of BSE in other member states. Consultant 
to the TSE/BSE Ad Hoc Group of the EU’s Scientific Steering 
Committee. 
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2001 

1997-present 	 Adviser to, and VLA Observer, on the Spongiform 
Encephalopathy Advisory Committee (SEAC)and member of 
CJD Epidemiology sub group of the SEAC. 

1998-present 	 Member of the Scientific Sub-Committee of The Home of Rest 
for Horses on research funding. 

2000-present 	 Member of the Scientific Advisory Committee of the Animal 
Health Trust, Newmarket 

2000-present 	 Scientific Adviser to The Horse Race Betting Levy Board on 
research funding 

Expert scientific adviser to the Research Assessment Exercise 
of Universities and Higher Education Institutes in GB 

MEMBERSHIP OF PROFESSIONAL SOCIETIES 

Royal College of Veterinary Surgeons 

British Veterinary Association 

Society for Veterinary Epidemiology and Preventive Medicine 

International Society of Veterinary Epidemiology and 
Economics 

Asociation of Veterinary Teachers and Research Workers 

The Veterinary Research Club 

The Faculty of Public Health Medicine of the Royal College of 
Physicians of the United Kingdom 

CURRENT PhD STUDENT SUPERVISION 

Mark Stevenson and Helen Benard, Massey University, Palmerston North 

EXTERNAL PhD EXAMINER FOR: 

University of Reading, England 
Massey University, New Zealand 
University of Bristol, England 

PART-TIME TEACHING 	 COMMITMENTS ON VETERINARY EPIDEMIOLOGY 

Co-organiser of MSc in Veterinary Epidemiology, LSH&TM, 
RVC and VLA 

MSc Veterinary Microbiology,  Royal Veterinary College, 
London 

MSc Laboratory Animal Science,  Royal Veterinary College, 
London 
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MSc Animal Health, Royal Veterinary College, London 

Modular Courses in Veterinary Epidemiology and Economics, 
University of Reading 

MSc Veterinary Pathology, Royal Veterinary College, London 

MSc Veterinary Epidemiology and Animal Health, Massey 
University, New Zealand 

AWARDS 

1993	 Bledisloe Veterinary Award - awarded by the Royal 
Agricultural Society of England - for effective contributions to 
animal health. 

1994 	 Dalrymple-Champneys award - for contributions to veterinary 
research 

1997 	 Membership of the Faculty of Public Health Medicine of the 
Royal College of Physicians of the United Kingdom 

2000	 The Chiron Award of the British Veterinary Association 
(Citation: “Who by his outstanding dedication has served the 
veterinary profession and the nation through his contribution to 
understanding the origins of BSE and the creation of measures 
to control its distribution.”) 

SUMMARY OF RESEARCH INTERESTS AND ACTIVITIES 

Epidemiological research interests have centred on the investigation of nationally important 
diseases and those of economic or zoonotic importance together with the development of 
animal disease surveillance.  The development of the use of geographical information systems 
(GIS), risk analysis and novel analytical techniques has been of particular interest in this 
research. 

Specific research topics have included: 

� Tuberculosis in cattle and badgers 
� Johne’s disease in cattle 
� Bovine mastitis 
� Listeriosis in sheep and cattle 
� Foodborne zoonotic infections of farm animal species, notably salmonellosis in all 

species, campylobacteriosis of poultry and VTEC 0157 infection of cattle. 

Latterly, since 1987, research efforts have concentrated on BSE in cattle and other TSEs in 
animals and man and foodborne zoonotic infections.  This has involved the development of 
effective collaborations with colleagues involved in the medical epidemiological aspects of 
the diseases, and until 2000 a was the VLA’s TSE R&D and Surveillance Programme 
Manager. 

More recently, since February 2001 with the advent of the FMD epidemic, interests have 
necessarily been more or less restricted to epidemiological studies on this epidemic, together 
with continuing research and surveillance on BSE and other TSEs. 
jwscvpf.doc 

4 



SCIENTIFIC PUBLICATIONS 

ANDERSON RM, DONNELLY CA, FERGUSON NW, WOOLHOUSE MEJ, WATT CJ, 
UDY HJ, MaWHINNEY S, DUNSTAN SP, SOUTHWOOD TRE, WILESMITH JW, 
RYAN JBM, HOINVILLE LJ, HILLERTON JE, 

AUSTIN AR, WELLS GAH (1996) Transmission dynamics and epidemiology of BSE in 
British Cattle.  Nature 382, 779-788. 

BELL JC, WILESMITH JW (1981) Bovine mastitis caused by Bacillus cereus. Veterinary 
Record 108, 404. 

BRADLEY R, ANDERSON PH, WILESMITH JW (1981) Changing patterns of nutritional 
myodegeneration (white muscle disease) in cattle in Great Britain. In: Metabolic 
Disorders in Farm Animals. Proceedings of the Fourth International Conference  on 
Production Disease in Farm Animals (Greseche D, Dirksen G, Stangassinger M, eds). 

BRADLEY R, ANDERSON PH, WILESMITH JW (1983) Changing patterns of nutritional 
myodegeneration (white muscle disease) in cattle in Great Britain. Bovine Practitioner 
18, 30-32. 

BRADLEY R, ANDERSON PH, WILESMITH JW (1987) Changing patterns of nutritional 
myodegeneration (white muscle disease) in cattle  and  sheep  in the period 1975 - 
1985  in Great Britain. Bovine Practitioner 22, 38-45. 

BRADLEY  R,  WILESMITH JW (1991) Epidemiologie des Encephalopathies Spongiforms 
en Grande Bretagne. Epidemiologie et Sante Animale 19,  27-48. 

BRADLEY R, WILESMITH JW (1993) The epidemiology and control of bovine spongiform 
encephalopathy (BSE). British Medical Bulletin 49, 932-959. 

BRUGÈRE H, BANISSI-SABOURDY C, BRUGÈRE-PICOUX J, WILESMITH JW, 
BRADLEY R (1994) Electrochemical analysis of urine from sheep with scrapie and 
cows with BSE. Proceedings of a Consultation on BSE with the Scientific Veterinary 
Committee of the Commission of the European Communitiies, 14-15 September 
1993, Brussels pp 359-367. 

CAROLAN DJP, WELLS GAH, WILESMITH JW (1990) Bovine spongiform 
encephalopathy in Oman. Veterinary Record 126, 92. 

CHEESEMAN CL, MALLINSON PJ, RYAN JBM, WILESMITH JW (1993) Recolonisation 
by badgers in Gloucestershire. In: Proceedings  of a conference on the badger, March 
1991.  Irish Academy of Science, Dublin. pp78-93. 

CHEESEMAN CL,  LITTLE TWA, MALLINSON PJ, PAGE PJC, WILESMITH JW, 
PRITCHARD  DG (1985) Population ecology and  prevalence of tuberculosis in 
badgers in an area of Staffordshire. Mammal Review 15, 125-135. 

CHEESEMAN CL, LITTLE TWA, MALLINSON PJ, REES WA, WILESMITH JW (1985) 
The progression of bovine tuberculosis infection in a population of Meles meles in 
south-west England. Acta Zoologica Fennica 173, 197-199. 
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CHEESEMAN  CL, WILESMITH JW,  RYAN JBM,  MALLINSON PJ (1987) Badger 
population  dynamics in a  high density  area. Symposium  of the  Zoological 
Society  of  London.  58, 279-294. 

CHEESEMAN CL,  WILESMITH JW,  STUART FA,  MALLINSON PJ (1988) Dynamics 
of tuberculosis in a naturally infected badger population. Mammal Review 18, 61-72. 

CHEESEMAN CL,  WILESMITH JW,  STUART FA (1989) Tuberculosis : the  disease and 
its epidemiology in the badger,  a review. Epidemiology and Infection 103, 113-125. 

CLIFTON-HADLEY RS,  WILESMITH JW (1991) Tuberculosis in deer: a review. 
Veterinary Record 129, 5-12. 

CLIFTON-HADLEY RS, WILESMITH JW, STUART FA (1993) Mycobacterium bovis in 
the European badger (Meles meles): epidemiological findings in tuberculous badgers 
from a naturally infected population. Epidemiology and Infection 111, 9-19. 

CLIFTON-HADLEY RS, WILESMITH JW, RICHARDS MS, UPTON P, JOHNSTON S, 
(1995) The occurrence of Mycobacterium bovis infection in cattle in and around an 
area subject to extensive badger (Meles meles) control Epidemiology and Infection 
114, 179-193. 

CLIFTON-HADLEY, R.S., SAUTER, C., LUGTON, I., JACKSON, R., WILESMITH J.W. 
and DURR, P. (2001) Mycobacterium bovis infections. In: Infectious Diseases of 
Wild Mammals. Ed. E. Williams. Third edition. Iowa State Press 

COUSENS SN, LINSELL L, SMITH PG, CHANDRAKUMAR M, WILESMITH JW, 
KNIGHT RSG, ZEIDLER M, STEWART G, and WILL RG,  (1999) Geographical 
distribution of variant CJD in the UK (excluding Northern Ireland).  Lancet 353, 18­
21. 

COUSENS N, ZEIDLER M, ESMONDE  TF, De SILVA R, WILESMITH JW, SMITH PG, 
WILL RG (1997) Sporadic Creutzfeldt-Jakob disease in the United Kingdom: 
epidemiological data from 1970-1996. British Medical Journal 315, 389-395. 

CURNOW RN, HODGE A, WILESMITH JW (1997) Analysis of the Bovine Spongiform 
Encephalopathy Maternal Cohort Study:  The Discordant Case-Control Pairs. 
Applied Statistics 46, (3) 345-349. 

DAWSON M, WILESMITH JW (1985) Serological survey of lentivirus  (maedi-
visna/caprine arthritis-encephalitis) infection in British goat herds. Veterinary Record 
117, 86-89. 

DE KOEIJER A, SCHREUDER B, HEESTERBEEK H, OBERTHÜR R, WILESMITH JW, 
and DE JONG MCM (2000) BSE risk assessment by calculating the basic 
reproduction ratio for the infection among cattle. Mathematical Biosciences (In 
press). 

DENNY GO, and WILESMITH JW (1999) Bovine tuberculosis in Northern Ireland: a case-
control study of herd risk factors.  Veterinary Record 144, 305-310. 
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DENNY GO, WILESMITH JW,  CLEMENTS RA,  HUESTON WD (1992) Bovine 
spongiform encephalopathy in Northern Ireland: epidemiological observations 1988­
1990.  Veterinary Record 130, 113-116. 

DONE JT,  WILESMITH JW (1988) Immunology applied:  monitoring and sampling. Pig 
Veterinary Society Proceedings  20, 61-70. 

DONNELLY CA, GORE SM, CURNOW RN, WILESMITH JW (1997) The Bovine 
Spongiform Encephalopathy Maternal Cohort Study - Its Purpose and Findings. 
Applied Statistics 46, (3) 299-304. 

DONNELLY CA, GHANI AC, FERGUSON NM, WILESMITH JW, ANDERSON RM 
(1997) Analysis of the Bovine Spongiform Encephalopathy Maternal Cohort Study: 
Evidence for Direct Maternal Transmission.  Applied Statistics 46, (3) 321-344. 

DONNELLY CA, FERGUSON NM, GHANI AC, WILESMITH JW, and ANDERSON RM 
(1997) Analysis of dam-calf pairs of BSE cases:  confirmation of a maternal risk 
enhancement. Proceedings of the Royal Society of London, Series B. 264, 1647­
1656. 

FRANCIS  PG,  WILESMITH JW,  WILSON CD (1986) Observations on the incidence of 
clinical bovine mastitis in non-lactating  cows in England and Wales.  Veterinary 
Record  118, 549-552. 

GAVIER-WIDEN, D., WELLS, G.A.H., WILESMITH, J.W. and RYAN, J.B.M. (2000) 
Histological observations on the brains of asymptomatic seven year old cattle. 
Journal of Comparative Pathology (Submitted) 

GIBBENS, JC, SHARPE, CE, WILESMITH, JW, MANSLEY, LM, MICHALOPOULOU, 
E, RYAN, JBM, HUDSON, M (2001) Descriptive epidemiology of the 2001 foot-
and-mouth disease epidemic in Great Britain: the first five months. Veterinary Record 
149, 729-743 

GORE SM, GILKS WR, WILESMITH JW (1997)  Bovine Spongiform Encephalopathy 
Maternal Cohort Study:  Exploratory Analysis.  Applied Statistics 46, (3) 305-320. 

HARTLEY PE,  DONE SH, WILESMITH JW,  BRADLEY R (1988) A study to  investigate 
lairage time and acute pleurisy in pigs. Veterinary Record 122, 164. 

HARTLEY  PE, WILESMITH  JW, BRADLEY R (1988) Prevalence of pleurisy  in pigs at 
slaughter.  Veterinary Record  123, 173-175. 

HARTLEY PE,  WILESMITH JW, BRADLEY R (1988) The influence of pleural  lesions in 
the pig at slaughter on the duration of  the fattening period:  an on-farm study. 
Veterinary Record 123, 208. 

HATHAWAY SC, WILESMITH JW, LITTLE TWA (1984) Some population parameters  of 
Leptospira interrogans serovar hardjo infection in sheep. Veterinary Record 114, 
428-429. 

HEIM D, and WILESMITH JW (2000) Surveillance of BSE. Archives of Veterinary 
Virology (In press). 
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HOINVILLE LJ, WILESMITH JW, RICHARDS MS (1995) An investigation of risk factors 
for cases of bovine spongiform encephalopathy born after the introduction of the "feed 
ban". Veterinary Record 136, 312-318. 

HOINVILLE LJ, McLEAN AR, HOEK A, GRAVENOR MB, and WILESMITH JW (1999) 
Scrapie occurrence in Great Britain. Veterinary Record 145, 405-406. 

JEFFREY M,  WILESMITH JW (1992) Idiopathic brainstem neuronal chromotolysis  and 
hippocampal sclerosis:  a novel encephalopathy in clinically suspect cases of BSE. 
Veterinary Record, 131, 359-362. 

KEELING, MJ, WOOLHOUSE, MEJ, SHAW, DJ, MATTHEWS, L, CHASE-TOPPING, M, 
HAYDON, DT, CORNELL,SJ, KAPPEY, J, WILESMITH JW, GRENFELL, BT 
(2001) Dynamics of the UK Foot and Mouth Epidemic – stochastic dispersal in a 
heterogenous landscape. Science Express, 5 October 2001 

KIMBERLIN RH, WILESMITH JW (1994) Bovine spongiform encephalopathy (BSE): 
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 B Model Outputs 


One reviewer provided a summary of model outputs and 
uncertainty (sensitivity) analysis presented in the H-T BSE study 
report.  This summary can help the reader get an indication of the 
reviewer’s understanding of the H-T BSE study report.

 B.1 MODEL OUTPUT–TABLES 
The model results are based on assumptions about the model 
parameters (49 parameters as defined in Appendix 1, Pages 4-8). 
Supporting documentation about the parameters is presented in 
Appendix 1, Pages 9-38 and the parameter values that were used 
are tabulated in Appendix 1, Pages 38-82).  The assumptions and 
parameter values for other simulations are presented in Appendix 2. 

The authors present the results of the simulation runs in tables 
(Appendix 3A).  There were 49 output tables, each representing 
1,000 simulations.  From these tables and figures the actual output 
of the model can be discovered.  The output of simulation runs is 
divided into three groups: 

Z output when the assumptions are altered, 

Z output when the sources of infectivity are altered, and 

Z output when alternate scenarios are considered. 

Output within each of these three categories is further divided as 
shown in Table B-1, and within each of these divisions, output is 
divided sometimes into best case and worst case (B/W).  Each 
output table provides results (columns of table), such as mean, 5th, 
25th, 50th, 75th, and 95th percentiles, for 39 variables (rows of table) 
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Table B-1. Model Outputsa 

Epidemic Statistics 

• Total Infected* 

• Total Infected w/o Imports 

• Total Clinical* 

• Probability N Infected > 0 

Mode of Infection 

• Maternal 

• Spontaneous 

• Protein 

• Blood 

• Exogenous 

Mode of Death 

• Slaughter 

• Die on Farm—Render 

• Die on Farm—No Render 

Disposition of ID50s 

• To Prohibited MBM* 

• Eliminated by SRM ban* 

• Eliminated by Rendering* 

• To NP MBM-Contamination* 

• To NP MBM-Mislabeling* 

• Out After Rendering* 

• To Prohibited Feed* 

• To NP Feed—Misdirected* 

• To NP Feed—Contamination* 

• To NP Feed—Mislabeling* 

• To Blood* 

• Out After Feed Production* 

• Misfed to Cattle* 

• Total to Cattle* 

• Total Potential to Humans* 

Potential Human Exposure 

• Brain* 

• Spinal Cord* 

• Blood* 

• Distal Ileum* 

• Contaminated Organ Meat* 

• Eyes* 

• Contaminated Muscle Meat* 

• AMR* 

• Beef on Bone* 

• Trigeminal 

• Ganglia* 

• 

ID50 Sources 

• From Slaughter 

• From Death on Farm 

aThe asterisk indicates that results for this variable are also presented in a figure. 

divided into six categories as listed in Table A-1 and defined in 
Appendix 3C, pages 3-5.

 B.2 MODEL OUTPUT–FIGURES 
The figures in Appendix 3B (584 figures) are the following: 

Z vertical bar graphs of the probability that the value for a 
variable exceeds zero, where the variables are cattle 
infected, cattle clinical, ID 50s to cattle, and ID50s to 
humans (each defined in Appendix 3C, Pages 5-6); 

Z horizontal bar graphs of the probability that the value for a 
variable exceeds zero, where the 15 disposition of ID50s 
variables are presented on one graph and the 11 ID50s to 
humans by tissue variables on another (each defined in 
Appendix 3C, Page 6); and 

Z box and whisker diagrams showing the five percentiles for 
the data depicted in each bar graph. 

Thus, there are 12 output graphs for each simulation of 1,000 
iterations. 
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Appendix B  — Model Outputs 

B.3 SENSITIVITY (UNCERTAINTY) ANALYSIS 
The following sources of uncertainty were evaluated individually for 
their influence on two outcomes: 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 oral ID50s) in food 
produced for human consumption over that period. 

1.  Base Case 

Z Base case—importation of 10 infected animals 

Uncertainty (Sensitivity) Analysis When the Following Assumptions 
are Altered (Each bullet is an assumption under a numbered 
category): 

2.  Maternal Transmission 

Z Maternal transmission probability 

(Best case = 0; worst case = 0.13) 


3.  Slaughter Process 

Z Total cattle oral ID50s in clinical BSE case 
(Best case = Total infectivity halved; Worst case = doubled) 

Z Ante mortem inspection detection probability 
(Best case = ProbPassAM with BSE signs = 0.01; Worst = 
0.50) 

Z Performance characteristics of the stunner (i.e., proportion of 
cattle stunned using air-injected pneumatic stunners) 
(Best and base case = 0; Worst case = 15 percent) 

Z Performance characteristics of the splitter process 
(Best case = Mis-split/AMD/spinal cord removal joint 
probabilities = doubled; worst case = halved?) 

4.  Rendering and Feed Process 

Z BSE transmissibility probability reduction achieved by 
rendering (B/W) 
(difficult to make comparison between Table 3.16.1, 
Appendix 1, Pages 72-73 and Table 2.2.3.1, Appendix 2, 
Page 9) 

Z Probability that Pr. MBM batch contaminants NP MBM 
(B/W) 

Z Fraction of Pr. MBM batch involved during contamination 
(B/W) 

Z Probability that Pr. MBM is mislabeled as NP MBM (B/W) 

Z Probability Pr. feed batch contaminates NP feed (B/W) 
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Z Fraction of Pr. feed batch involved during contamination 
(B/W) 

Z Probability that Pr. feed batch is mislabeled as NP feed 
(B/W) 

Z Probability that Pr. feed intentionally fed to cattle (B/W) 

5.  Human Food 

Z Proportion of each tissue group available for human 
consumption (B/W) 

6.  Fraction of Animals Dying on Farm that are Rendered 

Z Proportion of animals dead on farm sent to rendering (B/W) 

7. BSE Infectivity in Blood 

Z Infectivity in blood 

8. BSE Infectivity in Trigeminal Ganglia 

Z Infectivity in trigeminal ganglia 

Impact of Alternative Sources of Infectivity: Output when the 
following sources of infection are altered. Each bullet is a source 
under a numbered category.  Asterisk indicates no output tables 
found. 

9.  Spontaneous BSE 

Z U.S.—impact of spontaneous with feed ban 

10.  Importation of BSE-Infected cattle 

Z Import 1 infected animal


Z Import 5 infected animals


Z Import 10 infected animals (base case) 


Z Import 20 infected animals 


Z Import 50 infected animals 


Z Import 200 infected animals 


Z Import 500 infected animals 


11.  Domestic Scrapie 

Z U.S.—impact of scrapie with feed ban


Z Chronic wasting disease* 


Z TSE in domestic mink, pigs, and chickens* 


Z Recycled food wastes* 
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Appendix B  — Model Outputs 

Alternative Scenarios to Test Model’s Plausibility: Output when 
the following scenarios of infection are altered (each bullet is an 
assumption under a numbered category): 

12.  Clinical Cases in Switzerland between 1985 and 2001 

Z Switzerland: 1986 – 2000 

13. Spontaneous BSE in U.S. before 1997 feed fan 

Z U.S.—impact of spontaneous with no feed ban 

14.  Impact of Importing Cattle from the UK during the 1980s 

Z U.S.: 1980 – 2010 with 0.1 ID50s reaching cattle in 1980 

Z U.S.: 1980 – 2010 with 1.0 ID50s reaching cattle in 1980 

Z U.S.: 1980 – 2010 with 5.0 ID50s reaching cattle in 1980 

Z U.S.:  1980 – 2010 with 10.0 ID50s reaching cattle in 1980 

Z U.S.:  1980 – 2010 with 50.0 ID50s reaching cattle in 1980 

15.  Implication of Various (2) Risk Management Strategies in the 
U.S. 

Z U.S.—SRM ban 

Z U.S.—No rendering of animals that die on farm 

1. Render reduction factors 

2. Rendering contamination 

3. Renderer mislabeling probability (2; 10 percent) 

4. Feed production contamination (why were 0.05 and 
0.25 selected?) 

5. Feed production mislabeling probability 

6. Misfeeding probability 

7. Food Inspection 

8. Human food 

9. Fraction of animals that die on farm and are rendered 
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