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Preface

The committee was charged to assess the country’s framework to sup-
port animal health in the context of our rapidly changing world and the
contemporary challenges faced by those involved in animal health and
diseases. In this report, the first of an intended three-part series, the com-
mittee members were asked to focus on the prevention, detection, and
diagnosis of animal diseases and the dynamics of these systems as part of
the overall animal health framework. It has also set the groundwork for
two other studies and subsequent reports that will follow to assess the
surveillance and response systems within the framework.

The world of animals—domestic, wildlife, and food-producing—and
their health has increased in complexity and importance over the last cen-
tury. In addition, the challenges and opportunities for animal health that
have become especially apparent over the last several decades are un-
precedented. Our animal health system is inextricably interwoven into
both our national and global economy, as well as numerous societal is-
sues including the public’s health. Animal agriculture, in particular, finds
itself in the midst of fundamental change and transforming forces. The
scope, scale, and potential implications of the global food-animal system
and its associated infrastructure to monitor and support animal health
and food safety work is without precedent. In their examination of the
animal health framework, with special reference to prevention, detection,
and diagnosis, the committee members were struck with the new interde-
pendence of animal health concerns and needs with issues such as public
health and medicine, economics, global trade, and national and interna-
tional security. Virtually all aspects of the current animal health frame-
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xii PREFACE

work are impacted by a related set of new challenges, relationships, and
interactions that have emerged outside of traditional agricultural com-
munities.

Because of its striking interdependence and connectiveness, animal
health finds itself truly at a crossroads. This fact was made further evident
as the committee examined contemporary threats and challenges, re-
viewed the framework from the retrospective analyses of recent disease
events, and studied the gap between the current framework systems and
what is needed for success. While the committee considered companion
animals and wildlife as part of the animal health framework, this report
emphasizes food-animals based on the nature and enormous challenges
unique to this sector and the urgent need to address them.

The committee purposely had a significant human health component,
which added greatly to its understanding and appreciation of the conver-
gence of human and animal health and the strong linkage between animal
and public health. The contemporary issues of emerging infectious dis-
eases, new zoonoses, bio- and agroterrorism, antimicrobial resistant
pathogens, and global health threats reaffirm the importance of the con-
vergence and the consideration of these influences on the future of animal
health and its associated framework.

The committee examined other reports and publications, listened to
invited speakers, engaged in lengthy discussions, and brought together
diverse perspectives and a variety of experts. Through this process and
deliberations, a strong consensus developed from the current crossroads
that the United States must pursue a very different path; the future of
animal health and the prevention, detection, and diagnosis systems will
have to be very different from the past. The animal health framework in
the United States is ripe for a transformation characterized by improve-
ments in capacity and skills, new strategic partnerships, integration of its
work processes and systems, the understanding and adoption of new tech-
nologies, and a broader global perspective.

The U.S. animal population and its associated animal health frame-
work represent an exceptional national asset that impacts the lives of
people everyday. Yet, the very people whose lives are improved and who
benefit from their relationship with animals and their products are pro-
gressively less aware, fail to perceive the relevancy, and consequently are
seemingly less supportive of the animal health enterprise. This fact will
add a significant burden to the needed transformation effort.

The National Academies convened this committee to assess and ad-
dress the national animal health framework at a very special time in the
history of animal health. The committee’s findings and recommendations
support the compelling need for significant changes to create a new fu-
ture. The decisions made today will define this future, not decisions made

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


PREFACE xiii

tomorrow. The title of the report uses the analogy of a crossroads. This
analogy suggests that multiple options and pathways exist to the future;
however, the committee and its recommendations support the notion that
an entirely new pathway needs to be created that will significantly change
both the planners and implementers of the framework, and, most impor-
tantly, the ultimate destination.

Lonnie King, Chair
Margaret Hamburg, Vice Chair
Committee on Assessing the Nation’s

Framework for Addressing
Animal Diseases

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


xv

Contents

SUMMARY 1

1 INTRODUCTION 16
The Committee’s Statement of Task, 16
Background, 21
Organization of the Report, 28

2 STATE AND QUALITY OF THE CURRENT SYSTEM 30
Introduction, 30
Components of the Animal Health Framework, 30
Technological Tools for Preventing, Detecting, and

Diagnosing Animal Diseases, 44
Scientific Preparedness for Diagnosing Animal Diseases:

Laboratory Capacity and Capability, 47
Animal Health Research, 54
International Issues, 59
Addressing Future Animal Disease Risks, 63
Education and Training, 65
Awareness of the Economic, Social, and Human Health

Effects of Animal Diseases, 74

3 ASSESSMENT OF CURRENT FRAMEWORK: CASE STUDIES 76
Introduction, 76
Foreign Animal Diseases: Exotic Newcastle Disease and

Foot-and-Mouth Disease, 77

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


xvi CONTENTS

Recently Emergent Diseases in North America: Monkeypox
and Bovine Spongiform Encephalopathy, 88

Previously Unknown Agents, 96
Endemic Diseases: Avian Influenza, Chronic Wasting Disease,

and West Nile Virus, 102
Novel and Bioengineered Pathogens, 114
Intentionally Introduced Pathogens and Diseases of

Toxicological Origin, 116
Summary, 117

4 GAPS IN THE ANIMAL HEALTH FRAMEWORK 118
Introduction, 118
Coordination of Framework Components, 119
Technological Tools for Preventing, Detecting, and

Diagnosing Animal Diseases, 121
Scientific Preparedness for Diagnosing Animal Diseases:

Laboratory Capacity and Capability, 122
Animal Health Research, 124
International Issues, 126
Addressing Future Animal Disease Risks, 127
Education and Training, 128
Improving Public Awareness of the Economic, Social,

and Human Health Effects of Animal Diseases, 130
Summary, 131

5 RECOMMENDATIONS FOR STRENGTHENING THE 133
ANIMAL HEALTH FRAMEWORK
Introduction, 133
Coordination of Framework Components, 134
Technological Tools for Preventing, Detecting, and

Diagnosing Animal Diseases, 135
Scientific Preparedness for Diagnosing Animal Diseases:

Laboratory Capacity and Capability, 137
Animal Health Research, 140
International Issues, 143
Addressing Future Animal Disease Risks, 146
Education and Training, 147
Improving Public Awareness of the Economic, Social,

and Human Health Effects of Animal Diseases, 149
Summary, 150

REFERENCES 153

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


CONTENTS xvii

APPENDIXES 167

A Acronyms and Abbreviations, 169
B Glossary of Terms, 173
C Existing Federal System for Addressing Animal Diseases,

White Paper by Nga L. Tran, 179
D Animal Diseases and Their Vectors, 255
E Biographical Sketches of Committee Members, 258

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


Tables

2-1 Employment of U.S. Veterinarians Who Are AVMA
Members, 34

2-2 DHS Border and Transportation Security (BTS), Bureau of
Custom and Border Protection (CBP), and Other
Components Addressing Animal Diseases, 61

2-3 First-Year Employment, 2004 Veterinary Graduates in
Various Fields, 68

2-4 Active, Board-Certified Diplomates, 71
3-1 Timeline of 2002-2003 Exotic Newcastle Disease (END)

Outbreak, 82
3-2 Timeline of Key Influenza Events, 104
4-1 Primary Federal Jurisdictions for Specific Animal

Diseases, 120

Figures

S-1 Interactions of Emerging Infectious Diseases (EIDs), 5
1-1 Interactions of Emerging Infectious Diseases (EIDs), 24
2-1 Key Federal Agencies Addressing Animal Diseases, 36

Boxes

S-1 Impacts from Recent Disease Events, 3
1-1 Study Overview and Statement of Task for Phase One, 17

Tables, Figures, and Boxes

xix

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


xx TABLES, FIGURES, AND BOXES

1-2 Animal Diseases Addressed in This Report, 19
1-3 General Terminology Used in This Report, 20
2-1 Components of the Animal Health Framework, 31
2-2 Examples of Evolving Technologies That Enhance

Prevention, Detection, and Diagnosis, 46
2-3 Definitions of Level 3 Biocontainment Facilities in the

Animal Health Framework, 59
3-1 Animal Diseases Addressed in This Chapter, 78
3-2 Foot-and-Mouth Disease Epidemic in Great Britain in

2001, 86
3-3 Recent Emergence of Monkeypox in the United States, 89
3-4 Single Case of Bovine Spongiform Encephalopathy in

Washington State, 92
3-5 The 2003 SARS Outbreak, 98
5-1 Examples of Preparedness, Prevention, and Detection

Plan of Action, 136
5-2 Government/Industry/University Research Partnership, 141

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


1

Summary

SYNOPSIS

The national framework to safeguard animal health is of paramount
importance to the U.S. economy, public health, and food supply. To
strengthen the existing framework, the nation should establish a high-
level, authoritative mechanism to coordinate interactions between the pri-
vate sector and local, state, and federal agencies. New tools for detection,
diagnosis, and risk analysis need to be developed now, and the capacity
of the existing animal health laboratory network should be expanded for
both routine and emergency diagnostic uses.  Integrative animal health
research programs, in which veterinary and medical scientists can work
as collaborators, should be established. Colleges of veterinary medicine
must lead an effort to develop a national animal health education plan to
educate and train individuals from all sectors (from animal handlers to
pathologists) in disease prevention and early detection and to recruit vet-
erinary students into careers in public health, food systems, biomedical
research, diagnostic laboratory investigation, pathology, epidemiology,
ecosystem health, and food-animal practice. The United States must ad-
dress the importation and health of exotic and wild-caught animals and
commit itself to shared leadership roles with other countries and interna-
tional organizations that address animal disease agents. Finally, a collec-
tive effort should be made to raise the level of public awareness about the
importance of animal health and of the national investment in the frame-
work to safeguard animal health.
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2 ANIMAL HEALTH AT THE CROSSROADS

BACKGROUND

Animal health has broad implications, ranging from the health of in-
dividual animals and the well-being of human communities to issues of
global security. Many people would be surprised by the assertion that our
nation’s highest priorities must include animal health, yet we must recog-
nize and act on this reality to ensure a safe and healthy future. Among
other things, animal diseases critically affect the adequacy of the food sup-
ply for a growing world population, and they have huge implications for
global trade and commerce. Moreover, many animal disease agents are
zoonotic—meaning that they are transmittable to humans—so they have
dramatic implications for human health and safety, and for animal dis-
ease prevention. Animal disease prevention and control is crucial to im-
proving public health on a global scale. In addition, in an era of growing
concern about the threat of terrorism, the potential impact of the inten-
tional use of animal disease agents to cause morbidity and mortality, as
well as economic damage, is enormous.

The U.S. animal health framework includes many federal, state, and
local agencies that generally have differing mandates of law and numerous
other public and private entities and international organizations, each with
its own goals and objectives, each responsible for maintaining animal
health. In the past, this framework has been reasonably effective in respond-
ing to a range of demands and challenges. In recent years, however, animal
health has been challenged in a manner not previously experienced.

Today animal health is at a crossroads. The risk of disease is coming
from many directions, including the globalization of commerce, the re-
structuring and consolidation of global food and agriculture productions
into larger commercial units, the interactions of humans and companion
animals, human incursions into wildlife habitats, and the threat of
bioterrorism. The impacts of these sources of risk are evident in recent
disease events (Box S-1).

Given the changing nature of the risks with which the framework
must cope, it is unlikely that the current philosophy on how to protect
animal health will be adequate in the future. The risks of animal disease
must be dealt with not only in terms of protecting individual species of
animals from specific pathogens, but also in a broader context that in-
cludes anticipating the emergence and spread of disease on local and glo-
bal scales and recognizing the relationships of animal disease to human
health and the environment. To address animal disease in that context,
the animal health framework will have to be more flexible and inclusive
of expertise available from research, medical, and public health commu-
nities, and from the fields of environmental sciences and public policy,
among others. To respond comprehensively to new threats, the responsi-
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SUMMARY 3

BOX S-1
Impacts from Recent Disease Events

• In 2003, severe acute respiratory syndrome (SARS) sent a global
shock wave, affecting countries with even few cases, such as the United
States. Although SARS infected only 8,000 people globally, the disease
spread to 30 countries and its effect on the global economy totaled $8
billion.

• The United Kingdom’s economy has not yet recovered from a foot-
and-mouth disease (FMD) outbreak in 2001, which also reverberated
around the world, affecting both agricultural and nonagricultural interests
(such as rural businesses and tourism/recreational use of the countryside).

• A single case of mad cow disease (bovine spongiform encephalopa-
thy or BSE) in Washington State on December 23, 2003, had an immediate
market impact and severe, sustained economic losses due to trade restric-
tions on U.S. cattle and their products. The infected animal was discovered
as part of the government’s policy to routinely test downer cattle for BSE,
which has been linked to a new variant of Creutzfeldt-Jakob disease, a fatal
neurological illness in humans. In June 2005, a second case of BSE was
confirmed in the United States.

• In 2004, a new strain of highly pathogenic avian influenza (AI) spread
through Southeast Asia, resulting in loss of more than 100 million birds
through mortality and control measures and dozens of human cases, high-
lighting the unpredictable and potentially catastrophic nature of an emerg-
ing zoonotic disease. This new influenza strain was transmitted from birds
to people, raising concern that it might be capable of evolving into the next
pandemic influenza strain.

• In 1999, West Nile virus (WNV), an arbovirus similar to St. Louis
encephalitis virus, emerged for the first time in the Western Hemisphere in
New York from an unknown source. Over the next five years it swept across
the continental United States, Canada, Mexico, Central America, and sev-
eral Caribbean islands, carried by mosquito vectors infecting wild birds. In
the United States in 2004, the virus was detected in approximately 2,250
humans (40 states), 1,250 horses (36 states), nearly 7,000 wild birds, mostly
corvids (45 states), and in much smaller numbers in a few other animal
species. While these numbers are substantially below those that occurred
in the first wave of infection, WNV bodes to become endemic in wild birds
and an ongoing source of infection transmitted to other species by mos-
quito vectors.
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bilities of the framework’s many actors will need to be clearly defined and
their actions better coordinated. Admittedly, the process of transforma-
tion is difficult during periods when disease outbreaks consume all atten-
tion. However, now is the time to strengthen the structure of the current
system and to instigate a change in its culture, so that it will be capable of
responding effectively in the future.

This report explores the evolving challenges facing animal health,
identifies vulnerabilities and gaps in the animal health framework, and
recommends steps needed to fill gaps and improve the effectiveness of
the framework.

COMMITTEE’S STATEMENT OF TASK

Recent animal and human health events have illustrated that the na-
tional system for protecting animal health is now facing a continuum of
host-parasite relationships involving public health, wildlife, ecosystems,
and food systems, operating in an increasingly complex global context
(see Figure S-1). Adapting the current framework to this new reality will
be both a major challenge and a national imperative.

In recognition of the changing influences on animal health, the Na-
tional Academies developed a concept for a three-phase analysis of the
U.S. system for dealing with animal diseases and committed institutional
funds to launch the first phase of the study. This report, which embodies
the first phase of the study, presents an overview of the animal health
framework and examines the framework’s overall operation in the pre-
vention, detection, and diagnosis of animal diseases. The proposed sec-
ond phase of the study (pending supplemental external support) will fo-
cus on surveillance and monitoring capabilities, and the proposed third
phase will focus on response and recovery from an animal disease epi-
demic. Although surveillance and monitoring play an important part in
prevention, detection, and diagnosis, the second phase of the study, as
currently envisioned, will analyze in greater depth  the system’s capacity
and needs for surveillance and monitoring of animal diseases.

Relative to its respective focus, each phase of the study will: (1) re-
view the state and quality of the current system for dealing with animal
disease; (2) identify key opportunities and barriers to successfully pre-
venting and controlling animal diseases; and (3) identify immediate
courses of action for those on the front lines.

This first phase of the study did not attempt an in-depth review of the
effectiveness of each individual component of the framework or of any
specific agency involved in safeguarding animal health—a task well be-
yond the scope of this effort—but did examine the effectiveness of the
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framework as a whole in relation to different animal disease scenarios. In
doing so, it sought to identify ways to improve the framework.

Finally, although animals are subject to the same causes of disease as
humans—that is, diseases with chemical, physical, microbial, or genetic
causes—the study focuses primarily on infectious diseases, as directed by
the Statement of Task (see Chapter 1, Box 1-1, for the committee’s State-
ment of Task). This focus arises from concern about the growing threat
posed by the spread of emerging infectious disease associated with the
increasing global interconnectedness of domestic animals, wildlife, and
humans, and by the possibility of bioterrorism.

OVERVIEW OF THE ANIMAL HEALTH FRAMEWORK

The essential components of the animal health framework include the
following:

FIGURE S-1 Interactions of emerging infectious diseases (EIDs) with a con-
tinuum that includes wildlife, domestic animal, and human populations. Few dis-
eases affect exclusively one group, and the complex relations among host popula-
tions set the scene for disease emergence. Examples of EIDs that overlap these
categories include Lyme disease (wildlife to domestic animals and humans); bo-
vine tuberculosis (between domestic animals and wildlife); Escherichia coli O157:H7
(between domestic animals and humans); and Nipah virus and rabies (all three
categories). Companion animals are categorized in the domestic animal section of
the continuum.

Wildlife
Diseases

Human
Diseases

Domestic
Animal

Diseases
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6 ANIMAL HEALTH AT THE CROSSROADS

• people on the “front lines” of the animal production unit, animal
habitat, or companion animal household (including ranch and farm work-
ers, producers, feeders, breeders, park rangers, companion animal own-
ers, wildlife rehabilitators, and zoo keepers);

• veterinarians and other sources of professional advice and care for
health-related issues (such as universities and diagnostic laboratories);

• federal, state, and local animal health and public health agencies
(consisting mainly of state departments of agriculture and state diagnos-
tics laboratories within universities and elsewhere in state governments,
and numerous bureaus and offices within over 10 federal departments,
but primarily within the U.S. Departments of Agriculture, Homeland Se-
curity, and Health and Human Services);

• international collaborations among agencies, organizations, and
governments (such as the World Organization for Animal Health and the
World Health Organization);

• supporting institutions, industries, and organizations (including edu-
cators, researchers, and the public health and intelligence communities).

Because of the very large number of actors responsible in some way
for safeguarding animal health, it is not surprising that effective coordi-
nation is a major challenge. In a retrospective analysis of numerous spe-
cific animal disease situations, the committee examined the collective ca-
pabilities and limitations of the framework with respect to its effectiveness
in the prevention, detection, and diagnosis of animal diseases. Several
weaknesses, needs, and gaps were consistently encountered in the
framework’s response to a broad spectrum of disease types including ex-
otic Newcastle disease (END), foot-and-mouth disease (FMD),
monkeypox, bovine spongiform encephalopathy (BSE), chronic wasting
disease (CWD), West Nile virus (WNV), avian influenza (AI), and dis-
eases caused by coronavirus. This examination led the committee to the
following conclusions:

• The framework for animal health lacks adequate systems and tools
for analyzing and managing risk, and planning for outbreaks.

• Efforts to develop and validate diagnostic assays and advanced
vaccines of a recognized pathogen need to occur more rapidly.

• The workforce on the front lines of animal care is not adequately
educated and trained to deal with animal disease issues, and there is a
shortage of veterinarians in the workforce for animal disease prevention,
detection, and diagnosis.

• Greater collaboration between public health and animal health of-
ficials can accelerate the detection and diagnosis of animal diseases.
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• The broad capabilities that exist in universities, industry, state enti-
ties, veterinary diagnostic laboratories, and other local animal health in-
frastructure are underutilized.

• The lack of collaboration between the biomedical and veterinary
communities is a lost opportunity that impedes the effectiveness of the
framework.

• There is a need for state-of-the-art equipment and biocontainment
facilities for both research and diagnostics. Federal, state, and private en-
tities responsible for animal health have different authorities, and there
are gaps in that authority, particularly in relation to wildlife disease.

• The past success of international collaboration in responding to
animal disease demonstrates its importance in addressing animal
diseases.

RECOMMENDATIONS FOR STRENGTHENING THE
ANIMAL HEALTH FRAMEWORK

Reflecting on the structure of the framework and based on the find-
ings of its analysis of past animal health events, the committee offers the
following 11 recommendations as potential opportunities for strengthen-
ing the framework’s capabilities in the prevention, detection, and diagno-
sis of animal diseases.

Coordination of Framework Components

Recommendation 1: The nation should establish a high-level, central-
ized, authoritative, and accountable coordinating mechanism or focal
point for engaging and enhancing partnerships among local, state, and
federal agencies and the private sector.

There is a need for a strategic focal point to enhance partnerships and
to integrate all stakeholders into a cohesive whole. Many federal agencies
are responsible for parts of animal health policy, with significant overlaps
in the programmatic functions among them and also between federal
agencies and programs directed through states or animal health organiza-
tions. On the other hand, there are also gaps in responsibility. Of particu-
lar concern is the paucity of federal oversight of the nonlivestock, animal-
centered aspects of zoonotic diseases.

While there are several possible models for improved coordination in
prevention, detection, and diagnosis, the committee did not recommend
options for a specific system-wide mechanism, in part because it has only
examined the animal health framework from the partial perspective of
prevention, detection, and diagnosis.
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8 ANIMAL HEALTH AT THE CROSSROADS

Regardless of how a central coordinating mechanism or focal point is
implemented, it will need to promote effective communication among
various stakeholders and with the public during and outside episodes of
animal disease outbreaks. Opportunities for information-sharing between
agencies using electronic information systems should be developed. A
methodic effort should be made to identify and link key databases and
establish protocols for contributing data and generating alerts.

Technological Tools for Preventing, Detecting, and Diagnosing
Animal Diseases

Recommendation 2: Agencies and institutions—including the U.S. De-
partment of Agriculture (USDA) and the Department of Homeland Se-
curity (DHS)—responsible for protecting animal industries, wildlife,
and associated economies should encourage and support rapid devel-
opment, validation, and adoption of new technologies and scientific
tools for the detection, diagnosis, and prevention of animal diseases
and zoonoses.

The current animal health framework has been slow to evaluate, vali-
date, and implement new scientific tools and technologies that could sig-
nificantly enhance animal disease prevention, detection, and diagnostic
capabilities for the United States. Despite a recent surge in activity related
to post-September 11 homeland security efforts and associated focused
funding, the active review and implementation of advancing technolo-
gies has been inadequate to protect and enhance the health of the country’s
animal populations and related economic systems. Technological ad-
vances—such as immune system modulators, animal-embedded moni-
toring (chips embedded underneath an animal’s skin to monitor tempera-
ture and other physiological indices), and differential vaccines as
prevention strategies, as well as a range of rapid, automated, sensitive,
and portable sampling and assay systems for early warning and reliable
diagnosis—have not been adequately exploited by the current animal
health framework. Early biodefense warning systems, such as DHS’
BioWatch or private industry’s gene-based anthrax testing, are designed
for rapid detection and identification of key pathogens by sampling air in
public environments. These systems have been operating since early 2003
and are meant to assist public health experts in rapidly responding to the
intentional release of a biologic agent (DHS, 2004a). Early warning tech-
nologies have not yet been adequately evaluated by the animal health
infrastructure.
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Scientific Preparedness for Diagnosing Animal Diseases:
Laboratory Capacity and Capability

Recommendation 3: The animal health laboratory network should be
expanded and strengthened to ensure sufficient capability and capacity
for both routine and emergency diagnostic needs and to ensure a robust
linkage of all components (federal, state, university, and commercial
laboratories) involved in the diagnosis of animal and zoonotic diseases.

Laboratory diagnosis of animal diseases in the United States involves
federal, state, university, and commercial entities. The committee focused
its assessment on the condition of publicly funded laboratories and the
current operational status of national laboratory networks. Funding and
implementation of the pilot National Animal Health Laboratory Network
(NAHLN) in June 2002 was an important and beneficial paradigm shift
from an exclusive federal system to one with shared state and federal
responsibility for foreign animal disease diagnosis. The pilot NAHLN in-
volved 12 state/university diagnostic laboratories approved for disease
testing using existing and newly developed assays. The NAHLN is no
longer a pilot program and has since been redefined to include all labora-
tories performing contract work for the USDA on BSE, CWD, scrapie, AI,
END, and classical swine fever (CSF). However, the current network lacks
surge capacity and is not prepared for disease agents and toxins outside
the narrow list of diseases that provided an initial focus for network de-
velopment (for example, FMD or Rift Valley fever). In addition, imple-
menting this recommendation will require the creation of formal linkages
and operational relationships between the NAHLN, state and university
veterinary diagnostic laboratories, and the Laboratory Response Network
for Bioterrorism (LRN), established by the U.S. Centers for Disease Con-
trol and Prevention (CDC) in 1995 to improve the response capabilities of
the nation’s public health laboratory infrastructure. It will require devel-
opment of additional biosafety level 3 (BSL-3) necropsy and laboratory
capacity. Population-based diagnostic and detection systems also will
need to be developed by diagnostic laboratories in order to provide the
broad diagnostic outlook necessary for detection of new and emerging
diseases.

Animal Health Research

Recommendation 4: Federal agencies involved in biomedical research
(both human and veterinary) should establish a method to jointly fund
new, competitive, comprehensive, and integrated animal health re-
search programs; ensure that veterinary and medical scientists can work
as collaborators; and enhance research, both domestically and interna-
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10 ANIMAL HEALTH AT THE CROSSROADS

tionally, on the prevention, detection, and diagnosis of animal and
zoonotic disease encompassing both animal and human hosts.

This process might be modeled on the National Institutes of Health
(NIH)-administered Interagency Comparative Medicine Research Pro-
gram, an interagency task force model, or some comparable process that
promotes this type of cooperative research agenda.

This recommendation builds on the 2003 Institute of Medicine (IOM)
report Microbial Threats to Health: Emergence, Detection, and Response, which
states: “NIH should develop a comprehensive research agenda for infec-
tious disease prevention and control in collaboration with other federal
research institutions and laboratories (e.g., CDC, the U.S. Department of
Defense, Department of Energy, the National Science Foundation),
academia, and industry” (IOM, 2003). Currently, basic and translational
research related to prevention, detection, and diagnosis of animal and
zoonotic diseases is being conducted by a complex array of government,
academic, and private institutions and there is minimal coordination, if
any, in setting priorities to ensure that important research topics are not
overlooked and to ensure the most effective use of scarce resources. A
forthcoming National Research Council (NRC) report Critical Needs for
Research in Veterinary Science will contain a more in-depth assessment of
national needs for research in animal health.

Recommendation 5: To strengthen the animal health and zoonotic dis-
ease research infrastructure, the committee recommends that competi-
tive grants be made available to scientists to upgrade equipment for
animal disease research and that the nation construct and maintain gov-
ernment and university biosafety level 3 (BSL-3 and BSL-3 Ag)1  facili-
ties for livestock (including large animals), poultry, and wildlife.

Access to state-of-the-art equipment and technological tools is essen-
tial to successfully conduct the research needed to understand, prevent,
and control emerging or exotic infectious agents. When a new infectious
agent is suspected, efforts must be made to first rapidly define and char-
acterize the agent, under strict biocontainment conditions. At present, few
BSL-3 or BSL-3 Ag facilities are available strategically throughout the
United States or are equipped and prepared for research on diseases of
livestock, poultry, or wildlife, including zoonoses that require BSL-3

1Containment facilities are classified as Biosafety Levels 1 through 4, with 4 being the
most restrictive. Biosafety level 3 (BSL-3 or BSL-3 Ag) provides the high degree of contain-
ment that is needed when studying a variety of organisms with a recognized potential for
significant detrimental impact on animal or human health or on natural ecosystems.
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biocontainment. Additional BSL-3 facilities are needed for research and
surge capacity (in case of outbreaks) for detection, diagnosis, and preven-
tion of many zoonotic and all exotic animal pathogens.

International Interdependence and Collaboration

Recommendation 6: The United States should commit resources and
develop new shared leadership roles with other countries and interna-
tional organizations in creating global systems for preventing, detect-
ing, and diagnosing known and emerging diseases, disease agents, and
disease threats as they relate to animal and public health.

As the United States and the rest of the world become increasingly
interdependent, it is essential to identify animal disease risk factors as
they emerge and to focus more attention on the sources and precursors of
infections. Taken collectively, the recent experience with SARS, West Nile
virus, and monkeypox leads to the inescapable conclusion that globaliza-
tion, population growth, and expansion of human activity into previously
unoccupied habitats has essentially connected the United States to poten-
tial zoonotic and nonzoonotic pathogens residing throughout the world.
This necessitates coordinated international collaboration efforts directed
at identifying potential risks worldwide, including regulatory mecha-
nisms that minimize the threat of introducing emerging infectious agents
into the United States or other unaffected countries.

For potential and emerging infectious agents in other countries, assis-
tance from the United States is more ad hoc or piecemeal than strategic
and wide-ranging. By adopting a more comprehensive approach to help-
ing countries strengthen their prevention, detection, and diagnostic capa-
bilities, the United States will enhance its own animal health framework
and security. Means to accomplish this include transferring technology
between nations and providing training opportunities to international stu-
dents and veterinarians to ensure self-sufficiency and sustainable surveil-
lance. The United States can also encourage and support the enhance-
ment of critical competencies within the national services, which includes
active participation in the formulation of international standards and the
timely reporting of zoonotic and exotic diseases. The charge to the com-
mittee explicitly states that it will “review the U.S. system and approach
for dealing with animal diseases,” and the committee regards the interna-
tional dimension as an extremely critical component of the U.S. animal
health framework. With increased globalization and movement of dis-
eases, people, products, pathogens, and vectors, the United States cannot
continue to impose a line between domestic and international issues but
should instead adopt an animal health system that identifies and responds
to animal disease threats without regard to national boundaries.
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Importation, Sale, and Transport of Animals

Recommendation 7: Integrated and standardized regulations should be
developed and implemented nationally to address the import, sale,
movement, and health of exotic, nondomesticated, and wild-caught ani-
mals.

Such a policy development needs to include health professionals and
laboratory-based analysis because wild-caught and exotic animals may
carry pathogens and pose a risk of transmitting disease without demon-
strating clinical signs. The monkeypox outbreak of 2003 highlighted a
number of weaknesses in the animal health framework for addressing a
newly emergent zoonotic disease. In particular, while several federal
agencies (including the U.S. Department of Agriculture, U.S. Department
of the Interior’s Bureau of Fish and Wildlife Service, and the U.S. Depart-
ment of Health and Human Services) have roles in preventing, detecting,
and diagnosing zoonotic and other diseases transmitted by exotic animals,
there is a lack of coordinated federal oversight of the animal-centered
aspects of diseases transmitted by exotic animals. Prior to the interim final
rule banning the import, sale, or distribution of prairie dogs and some
African rodents (responsible for the monkeypox outbreak in 2003), im-
port and movement of exotic animals was largely uncontrolled (and most
exotic animal movement is still uncontrolled). Tracking of these animals
in the United States is inconsistent and ineffective, and there is a disturb-
ing lack of standardized testing of the health status of exotic animals at
the point of origin and in companion animal shops, trade fairs, and other
venues. Considering that the emergence of new disease agents occurs
most frequently at species interfaces, monkeypox is not likely to be the
last zoonotic agent to emerge from an exotic animal in the United States.

Addressing Future Animal Disease Risks

Recommendation 8: The USDA, DHS, Department of Health and Hu-
man Services, and state animal and public health agencies and labora-
tories should improve, expand, and formalize the use of predictive, risk-
based tools and models to develop prevention, detection, diagnostic,
and biosecurity systems and strategies for indigenous, exotic, and emer-
ging animal diseases.

There has been increased recognition and use of well-structured and
scientifically based mathematical, epidemiological, and risk analysis mod-
els and tools to define acceptable risks and mitigation strategies that can
assist in policy and science-based decision making. Examples include
models of the spread of FMD during the U.K. epidemic, and an assess-
ment of the risk of BSE to U.S. agriculture, developed by Harvard
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University’s Center for Risk Analysis for the USDA (Cohen et al., 2003;
Haydon et al., 2004). Risk analysis and modeling have been criticized,
mainly on the basis of insufficient scientific data or inappropriate assump-
tions.  Therefore, efforts to develop scientific data on disease transmis-
sion, effectiveness of control programs, economic evaluation, and quanti-
tative assessment of all factors involved in making policies and regulations
should be a priority of the animal health infrastructure, working in col-
laboration with academia, industry, and global trade partners.

Threats from bioterrorism, emerging diseases, and foreign animal dis-
ease introductions add urgency to preventing or minimizing catastrophic
consequences to the United States, other nations, and the global economy.
Education and training of professionals to assess, manage, and communi-
cate risk of animal disease and improved information available to stake-
holders, including producers and the public, are important aspects of ef-
fective infrastructure that supports risk-based approaches.

Education and Training

Recommendation 9: Industry, producers, the American Veterinary Medi-
cal Association (AVMA), government agencies, and colleges of veteri-
nary medicine should build veterinary capacity through both recruit-
ment and preparation of additional veterinary graduates into careers in
public health, food systems, biomedical research, diagnostic laboratory
investigation, pathology, epidemiology, ecosystem health, and food
animal practice.

There are insufficient graduates to meet the needs in a number of
major and distinct fields of veterinary medicine dealing with various spe-
cies of food-animals, rural practice (mixed domestic animals), ecosystem
health (including wildlife disease and conservation biology), public
health, the many dimensions of the food system, and biomedical science.
In addition, veterinary graduates are not adequately prepared to deal with
foreign animal diseases, public health, and ecosystem health, without fur-
ther postgraduate studies. According to the Association of American Vet-
erinary Medical Colleges (AAVMC), the 28 veterinary colleges in the
United States graduate approximately 2,300 veterinarians per year and
are currently unable to keep up with societal needs in private or public
practice.

There has been a steady decline in the number of rural practitioners
and of veterinarians employed in regulatory agencies. The USDA,
underserved at present, predicts a shortfall of 584 veterinarians on its staff
by 2007. Fifty percent of U.S. Public Health Service veterinarians are cur-
rently eligible for retirement.
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Too few veterinary students are choosing to specialize in basic bio-
medical science or pathology, as noted in the recently published NRC
report National Need and Priorities for Veterinarians in Biomedical Research,
which suggests a strategy for recruiting and preparing more veterinar-
ians for careers in laboratory animal medicine, comparative medicine, and
comparative pathology (NRC, 2004b). This committee endorses the rec-
ommendations of that report.

One strategy for building veterinary capacity is to design and imple-
ment training and educational curricula to better address these
underserved areas of animal health. The Veterinary Workforce Expansion
Act of 2005, which amends the Public Health Service Act, will be a useful
first step that establishes a competitive grants program to build capacity
in veterinary medical education and expands the workforce of veterinar-
ians engaged in public health practice and biomedical research.

Recommendation 10: The USDA, state animal health agencies, the
AVMA, and colleges and schools of veterinary medicine and depart-
ments of animal science should develop a national animal health edu-
cation plan focusing on education and training of individuals from all
sectors involved in disease prevention and early detection through day-
to-day oversight of animals.

Responsibility for implementing the educational plan would fall on
those at the local level. Strong and well-functioning front-line detection is
provided by animal handlers and personnel working with animals on a
day-to-day basis. This backbone for effectively preventing animal disease
outbreaks requires education and training to include awareness and rec-
ognition of clinical signs, as well as an elementary understanding of dis-
ease transmission and prevention. In addition, those with day-to-day
oversight of animals need to understand the methods and responsibilities
for reporting the signs of foreign and exotic animal diseases. Basic multi-
lingual education and training are necessary for those with such direct
oversight of animals, whereas more in-depth education to promote a
greater depth and breadth of understanding of transmission and preven-
tion is required for managers and owners.

Improving Public Awareness of the Economic, Social, and
Human Health Effects of Animal Diseases

Recommendation 11: The government, private sector, and professional
and industry associations should collectively educate and raise the level
of awareness of the general public about the importance of public and
private investment to strengthen the animal health framework.
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Increased public awareness is critical in supporting and implement-
ing transformations needed to strengthen the framework against animal
disease risks. The lack of cohesive national advocacy for public health
issues generally creates a much more difficult environment in which to
increase attention and investment in the framework for preventing, de-
tecting, and diagnosing animal diseases.

The recent outbreaks of FMD, SARS, AI, and BSE are all reminders of
the threats such diseases pose to the U.S. food supply, global economy,
public health, and confidence in the safety of the food supply. The entire
food and fiber system—including farm inputs, processing, manufactur-
ing, exporting, and related services—is one of the largest sectors of the
U.S. economy and accounts for output of over $2 trillion dollars, generat-
ing $1.24 trillion in added value, and 12.3 percent of total gross domestic
product in 2001 (USDA, 2003). Nearly 17 percent of all U.S. workers are
employed by the food and fiber system (USDA, 2003). Producers, com-
panion animal owners, and others on the front line have a direct personal
and private interest in detecting, diagnosing, and preventing animal dis-
eases to avoid losses associated with reduced productivity, animal mor-
tality, or potential effects on personal health and welfare. Although these
losses can be significant, adverse social, economic, and human health im-
pacts associated with animal diseases extend beyond producers or house-
hold animal owners.

Increased investment in educating the public about animal health will
help to reduce disease and transmission; enhance public and animal health;
ensure a secure, economical, and viable food supply; and improve trade
and competitiveness. These educational efforts should include information
about diseases of food-animals, wildlife, and companion animals.
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1

Introduction

“In the highly interconnected and readily traversed ‘global village’ of our
time, one nation’s problem soon becomes every nation’s  problem…”

—Microbial Threats to Health: Emergence,
Detection, and Response, Institute of
Medicine, March 2003

THE COMMITTEE’S STATEMENT OF TASK

Animal health is profoundly affected by the forces of globalization
and trade, the threat of bioterrorism, the restructuring and consolidation
of food and agriculture production into increasingly larger commercial
units, and even by human incursions into wildlife habitats. A very large
network of people, organizations, and operations undergird a framework
of systems to protect animal health in the face of these forces; when
changes occur that affect animal health, they also impact the framework.
In recognition of the importance of the relationship of the animal health
framework to changing conditions for animal health domestically and in-
ternationally, the National Academies and its Board on Agriculture and
Natural Resources (BANR) have launched the first phase of a proposed,
three-part initiative to review the state and quality of the framework and
evaluate current opportunities and challenges to its effectiveness to pre-
serve animal health (see Box 1-1).

The Committee’s Approach to Its Task

As the product of the first stage of the initiative, this report provides a
general overview of the structure of the animal health framework; identi-
fies opportunities and barriers to the prevention, detection, and diagnosis of
animal diseases; and, recommends courses of action for first-line respond-
ers and other participants in the framework, including the potential to
apply new scientific knowledge and tools to address disease threats. This
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BOX 1-1
Study Overview and Statement of Task for Phase One

A comprehensive review of the U.S. system and approach for dealing
with animal diseases will be conducted. This initiative will (1) review, sum-
marize, and evaluate the state and quality of the current system and the
potential for improved application of scientific knowledge and tools to ad-
dress threats and response efforts; (2) identify key opportunities and barriers
to successfully preventing and controlling animal diseases as they relate to
responsibilities and actions of producers, regulators, policy makers, and ani-
mal health care providers; and (3) identify courses of action for first-line
responders to integrate strengths of proven strategies with promising ap-
proaches to meet animal health and management challenges. The study will
be conducted in three phases, which correlate to the three major compo-
nents of the U.S. structure of defense against animal diseases outlined in
previous Board on Agriculture and Natural Resource (BANR) reports. The
first phase of study will focus on the nation’s framework for prevention, de-
tection, and diagnosis of animal disease. The second phase will focus on the
nation’s system of monitoring and surveillance, and the third phase will fo-
cus on mechanisms of response and recovery from an animal disease epi-
demic. A core group of committee members will be appointed to participate
in all phases of the activity to ensure consistency among the different phases,
supplemented with additional expertise as needed for each phase.

In its examination, the committee will assess the adequacy of:

• Scientific preparedness for action “on the ground”
• Technologic tools and scientific applications
• Social and economic effects
• Reporting linkages and communications
• System components (federal, state, local, public and private)
• Supporting systems (research, education, and training).

For the first phase of the study, the committee will examine challenges
in prevention, detection, and diagnosis presented by at least two specific
animal diseases such as rinderpest; foot-and-mouth disease; West Nile vi-
rus; avian influenza; Newcastle disease; spongiform encephalopathies
(scrapie in sheep and goats, chronic wasting disease [CWD] in deer and
elk, transmissible mink encephalopathy [TME], and feline spongiform en-
cephalopathy), and Q fever. These diseases represent a sample of diseases
categories that have potential economic impact, human and/or animal
health impact, or are foreign to the United States. They represent diseases,
some which are zoonotic, that could affect each of the major agricultural
species. The study will not address diseases that have been recently studied
by BANR, such as brucellosis, Johne’s disease, or bovine tuberculosis.

continued
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report lays the foundation for two additional phases proposed for the
study of the animal health framework (surveillance and monitoring in
phase 2 and response and recovery in phase 3).

Given the complex, global, and sometimes rapidly changing nature of
events affecting the animal health framework, the committee looked be-
yond farming and food-producing animals to consider a broader array of
topics and players. For example, because of the emergence of new
zoonoses with transmission routes through wildlife, such as West Nile
virus, the committee’s approach includes threats to human and animal
health from those sources. Beyond health concerns, the report also con-
siders societal issues affected by animal disease outbreaks, such as eco-
nomic impacts and food security. As a result, the report addresses a wide
range and diversity of specific diseases from acute to chronic, endemic to
exotic, and considers how naturally-occurring to intentionally spread
might be handled. Box 1-2 presents a list of specific diseases examined in
this report, which were selected to elaborate the need for an inclusive
animal health infrastructure capable of preventing, detecting, and diag-
nosing a wide variety of animal health events.

Stakeholders with diverse perspectives involved in the animal health
framework are the target audiences for this report, including animal pro-
ducers, veterinarians, academic animal health educators and researchers,
laboratory diagnosticians, state and federal elected officials, the public
health community, state/local government officials, the technical com-
munity, policymakers, and the general public.

BOX 1-1 Continued

For the diseases (or disease categories) it examines, the committee will
assess the state of knowledge of each disease and its potential to cause
animal health, human health, and social or economic impacts. The com-
mittee will review the etiology of the disease, the nature of the responsible
pathogen(s), evidence and mechanisms of intra- and interspecific transmis-
sion of the diseases, and currently available and potential methods of diag-
nostic testing. Domestic and foreign approaches to prevention, detection,
and diagnosis will be examined. For this initial phase of the review, recom-
mendations will be provided on how to improve the nation’s ability to
address animal diseases by reducing potential for intentional or accidental
introduction, enhancing diagnostic techniques and their use, and improv-
ing detection capabilities. Knowledge gaps and future needs for progress in
systems and policies will be identified.
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Boundaries of the Report

This report is not a comprehensive, all-inclusive discussion of animal
health. Rather, it is intended as a first step to begin an analysis that will be
expanded and enriched in the second and third planned phases of this
study.

For example, this phase of the study did not attempt an in-depth re-
view of the effectiveness of each individual component of the framework
or of any specific agency involved in safeguarding animal health but did
examine the effectiveness of the framework as a whole in relation to dif-
ferent animal disease scenarios and, in doing so, sought to identify ways
that the framework could be improved.

Early in its deliberations, the committee found that the topics of the
first phase—prevention, detection, and diagnosis—are intimately inter-
twined with surveillance, monitoring, and response/recovery issues and
that they are impossible to deal with in isolation. Because surveillance
and monitoring are important to the prevention, detection, and diagnosis
of disease, they are referenced in the report.  However, this volume has
not reviewed and presented recommendations for an overall surveillance
system or the infrastructure that might be required for such as system,

BOX 1-2
Animal Diseases Addressed in This Report

Exotic (Foreign) Animal Diseases
Exotic Newcastle disease (END)
Foot-and-mouth disease (FMD)

Recently Emergent Diseases
Monkeypox
Bovine spongiform encephalopathy (BSE)

Endemic Diseases
Chronic wasting disease (CWD)
West Nile virus (WNV)
Avian influenza (AI)

Previously Unknown Agents
Severe acute respiratory syndrome (SARS) coronavirus

Novel Naturally Occurring or Bioengineered Animal Pathogens
Diseases of Toxicological Origin
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because those issues are within the purview of the proposed second phase
of this study.

General Terminology

This report contains numerous technical terms and acronyms or ab-
breviations (see Appendix A for Acronyms and Abbreviations; Appendix
B for Glossary of Terms). Some of the general terms used frequently
throughout the report are provided in Box 1-3, and a couple of them war-
rant additional clarification.  The Statement of Task (Box 1-1) refers to
“first-line responders”—individuals who play a key role in disease detec-
tion. Throughout this report, these individuals are identified as those on
the front lines of detection, as described in Box 1-3.

BOX 1-3
General Terminology Used in This Report

Animal Health Framework: The collection of organizations and partici-
pants in the public and private sectors directly responsible for maintaining
the health of all animals impacted by animal disease or that influence its
determinants.

Front-Line Detection: Almost anyone can play a role in front-line detec-
tion and prevention (e.g., a school bus driver who notices a sick animal in
a nearby field), but front-line detection and prevention as used in this re-
port refers specifically to those in a position most likely to be the first judge
of an abnormal health situation in an animal or population and to initiate
preventive action. They include people involved directly in animal pro-
duction as well as field personnel involved in wildlife management. Those
with close and direct animal contact and observation include ranch and
farm workers, feeders, breeders, milkers, animal sales yard personnel,
slaughterhouse inspectors, dealers, park rangers, zoo keepers, and com-
panion animal owners.

Exotic Animal Disease: Any animal disease caused by a disease agent that
does not naturally occur in the United States (e.g., SARS, monkeypox).

Foreign Animal Disease: An exotic animal disease limited to agricultural
animals (e.g., foot-and-mouth disease, bovine spongiform encephalopa-
thy, rinderpest).

Zoonoses: Diseases caused by infectious agents that can be transmitted
between (or are shared by) animals and humans.
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The terms “exotic animal disease” and “foreign animal disease” are
also used in the report and may be confusing to the reader. While the
terms are essentially synonymous, each is commonly used and understood
separately as part of the vernaculars of different organizations, cultures,
and groups. Therefore, we have purposely elected to use both terms in the
text of this report; Box 1-3 includes specific definitions of each of them.

BACKGROUND

Traditional Approaches for Preventing and Controlling
Animal Diseases

Historically, measures taken at the national level to prevent animal
diseases began at the country’s borders and focused inward. The federal
agency charged with primary responsibility for overseeing disease initia-
tives for livestock and poultry has been the U.S. Department of
Agriculture’s Animal and Plant Health Inspection Service (USDA APHIS).
The traditional mission of APHIS, “to protect American agriculture,” was
carried out by channeling resources into three principal areas: adoption of
quarantine measures to protect on-farm commodity production, imple-
mentation of emergency actions from the incursion of exotic diseases or
related pests, and treatment to control or eliminate diseases and related
pests.

The overall credibility of such efforts, with both domestic producers
and other countries, hinged on the ability of APHIS, working with state
counterparts, animal health professionals, and laboratories, to establish
effective diagnostic systems, carry out continual inspection and surveil-
lance, and respond to unforeseen emergencies from disease incursions.
Ports of entry, inspection, and surveillance systems were established to
prevent the introduction and spread of unwanted livestock and poultry
diseases.

In addition to building and maintaining response capabilities, eradi-
cation programs were carried out for specific diseases such as foot-and-
mouth disease, hog cholera, tuberculosis, brucellosis, and screw worm.
Such programs required skilled expertise in specific disciplines such as
veterinary medicine and were very labor-intensive. The disease profiles
were generally well understood but required many years for complete
eradication, which in some cases has still not been accomplished. Pockets
of selected diseases, such as brucellosis and tuberculosis, still remain. Dis-
ease eradication campaigns required large financial outlays over a num-
ber of years, but to reduce exposure and protect growing export markets,
campaigns for selected diseases such as foot-and-mouth or pests such as
screw worm were funded and jointly carried out in other countries.
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For many decades, this traditional approach looking at only livestock
or poultry diseases—built on the presence or absence of specific diseases
and supported by systems of inspection, diagnosis, and response—has
served as the backbone of efforts to protect primary production. With the
exception of ongoing screw worm eradication efforts in Central America
and a relatively small workforce stationed across the world, direct financial
support and involvement typical of the large international eradication cam-
paigns of the past have been substantially scaled back or curtailed.1

While the animal health framework has been able to respond to a
range of demands and challenges in the past, the pressures on animal
health are increasing. In addition, there is a new recognition that wildlife
and companion animals are playing a more important role in our lives
and in the transmission of diseases that will further challenge the frame-
work.

Changes Affecting the Animal Health Framework

Challenges to the animal health framework are, in part, the result of
the transformation, restructuring, and fundamental changes in agricul-
ture itself. A rapid consolidation in the agricultural sector is evident: the
total number of U.S. farms declined from nearly 7 million at the begin-
ning of the last century to less than 2 million today, while the average size
of beef, dairy, pork, and poultry operations increased substantially
(USDA, 2002c). At the same time, new sectors of animal agriculture (such
as aquaculture and organically produced animals) are emerging. The last
decade has also seen a marked increase in the number of fish raised
in aquaculture facilities. In 2002, an estimated 6,653 farms (57 percent of
which were less than 50 acres in size) produced 867 million pounds of
aquaculture products (USDA, 2002c). Urban growth is increasingly en-
croaching on rural and wildlife environments, bringing populations of
humans and animals, both farmed and wild, into closer and more fre-
quent contact. Ecological systems and cultures that once were distinct are
increasingly blurred at their borders, creating new opportunities for dis-
ease transmission and exchange at their interfaces. Furthermore, global-
ization has led to increased movement of products and animals world-
wide and, by association, increased the potential for transmission of
diseases and related pests between countries, while the genetic homoge-
neity of production animals may increase the vulnerability of the food

1APHIS is active in several disease and pest campaigns such as hog cholera in Hispanola
and screw worm in Jamaica, but the scope, size, and role of APHIS, in comparison to cam-
paigns of years past, is greatly reduced.
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supply to catastrophic losses of disease. It is no longer sufficient to focus
only on livestock or poultry, because many other species can be affected.
Increasing population densities of domestic and some wild animal spe-
cies have magnified the impact of infectious diseases.

One of animal agriculture’s most difficult shifts is likely to be a move
from its past independence to a new interdependence. This shift will be
characterized by a profound interconnectedness in which producers and
agriculturalists will be influenced and impacted by environmentalists,
animal welfare activists, public health officials, agribusinesses, trade offi-
cials, and consumers. Today’s agriculture is neither traditional nor in con-
trol of its own destiny. Increasingly, new sectors and special interest
groups that have not been aligned or involved with agriculture in the past
are now helping to shape its future. Policymakers, business leaders, and
politicians—who are progressively more urban in thought and locale—
envision animal agriculture and its future with a very different perspec-
tive. The complex, global, and intertwined world of contemporary agri-
culture will most certainly change the entire framework of animal health,
how it operates, with whom it partners, and how it relates to a world that
is rapidly closing in around it.

At the same time, an examination of the animal health system must
assess its ability to coordinate and integrate actions within a larger group
of participants who bring new perspectives and expectations for consid-
eration. Inherent in this broadening scope and scale is the reality of emerg-
ing infectious diseases, new zoonoses, food safety problems, and the un-
fortunate reality that the intentional introduction of animal diseases could
result in a cascading effect of potentially catastrophic consequences. The
framework to address these diseases has increased in importance, com-
plexity, and visibility. Certainly, the framework needs to be commensu-
rate with, and responsive to, the profound forces and changes driving its
future.

Relationships of Animal Diseases to Sectors beyond Production

The importance of animal diseases and related programs on domestic
consumption, production, and trade has been well recognized, yet the
impacts can include other dimensions and sectors such as food security,
public health, market and product accessibility, economic viability, tour-
ism, biotechnology, bioterrorism, and the environment.

The U.S. Agency for International Development (USAID) defines food
security as “When all people at all times have both physical and economic
access to sufficient food to meet their dietary needs for a productive and
healthy life” (USAID, 1992). For the period 1999 to 2009, worldwide popu-
lation is estimated to grow by 30 percent to 7.5 billion (IFPRI, 1999), and
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between 1997 and 2020, it is estimated that worldwide demand for meat
may increase 55 percent (IFPRI, 2003). Increasing trade and the need to
ensure food security underscore the dual objective in carrying out agri-
cultural animal disease prevention and control initiatives: to evaluate im-
ports so that domestic production is not put at greater risk of disease, and
to ensure that such initiatives do not become a bottleneck for the flow of
products, limit access to products, or hamper food security. Traditional
programs have understood the first objective well, but the second role has
received little attention.

The Interaction among Domestic Animals, Wildlife, and Humans

As illustrated in Figure 1-1, the animal health framework must now
deal with a continuum of host-parasite relationships involving public

FIGURE 1-1 Interactions of emerging infectious diseases (EIDs) with a con-
tinuum that includes wildlife, domestic animals, and human populations. Few
diseases affect exclusively any one group, and the complex relations among host
populations set the scene for disease emergence. Examples of EIDs that overlap
these categories include Lyme disease (wildlife to domestic animals and humans)
and rabies (all three categories). Companion animals are categorized in the do-
mestic animal section of the continuum. Reprinted with permission from Daszak
et al., Science 287:443-449 (2000). Copyright 2004, AAAS.
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health, companion animals, wildlife, ecosystems, and food systems in an
increasingly complex, global context.

Wildlife

Historically the attention paid to wildlife disease by regulatory agen-
cies, wildlife advocacy groups, and educational and research institutions
has been limited in comparison to that for domestic animals. However,
the greatly increased contact among wildlife, domestic animals, and
people associated with globalization and societal incursions into wildlife
habitat has increased the opportunity for the transmission of pathogens
shared within and among these domains. Increased population densities
of people, domestic animals, and some wildlife species favored by human
societal impacts on the environment, can make the situation even more
precarious, because of the increased opportunity for transmission of in-
fectious agents. For instance, expanding and increasingly dense poultry
populations increase their chances of exposure to strains of avian influ-
enza virus from wild waterfowl; expanding deer populations can support
increased populations of deer ticks, which may spread Lyme disease
where the causative agent (Borrelia bergdorferi) is endemic in the rodent
population; and the periurban growth in raccoon populations increases
the risk of rabies for humans and domestic animals. It is recognized that
prevention and/or elimination of these disease interfaces is problematic,
especially when steps to reduce wildlife populations can be difficult from
both biological and sociological perspectives.

The host-parasite ecological continuum—described by Daszak et al.
(2000) as a continuum where disease boundaries among wildlife, domestic
animal, and human populations are increasingly blurred—provides a use-
ful context in which to illustrate the importance of wildlife diseases and the
pathogens they harbor in today’s world (see Figure 1-1). The framework for
dealing with animal diseases in this continuum must involve a wide range
of government agencies and stakeholders that have overlapping interests
in disease involving wildlife, as well as people and domestic animals. Pro-
viding the administrative means for effective coordination among the ele-
ments of such a framework is a formidable challenge.

West Nile virus (WNV) in wild birds, SARS in civets, avian influenza
in wild migratory water fowl, plague (Yersinia pestis) in wild rodents, and
rabies in raccoons, skunks, and bats are but a few examples of pathogens
harbored in wildlife that can be transmitted to humans and/or domestic
animals (see Chapter 3 for case studies). Conversely, pathogens are also
being transmitted from domestic animals to wildlife populations; for ex-
ample, tuberculosis to deer, elk, and bison; brucellosis from elk and bison
to cattle; and Mannheimia pneumonia (pasteurellosis) in bighorn and do-

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


26 ANIMAL HEALTH AT THE CROSSROADS

mestic sheep (USAHA, 2003b). Tuberculosis in Michigan may have spilled
back again from deer to infect cattle. In Yellowstone National Park, the
presence of brucellosis in elk and bison is considered a potential threat to
domesticated cattle grazing at the park boundaries (Dobson and Meagher,
1996). Zoo animals and exotic companion animals are also part of the dis-
ease continuum. For example, 58 zoo animals of 17 species in the United
Kingdom acquired scrapie-like spongiform encephalopathies thought to
result from exposure to feed contaminated by the BSE agent (Collinge et
al, 1996; Kirkwood and Cunningham, 1994). Companion animal interac-
tion with wildlife can also lead to transmission of pathogens, e.g., canine
distemper to blackfooted ferrets (Thorne and Williams, 1988); feline leu-
kemia virus to Florida panthers (JAVMA News, 2004); skunk rabies to
cats; and a variety of parasitic helminths and protozoa to domestic live-
stock and people (Dubey and Lindsay, 1996; Waldner et al., 1999).

Translocation of both indigenous and exotic wildlife continues to be a
major anthropogenic cause for the spread and impact of pathogens har-
bored in wildlife. This is a surprising circumstance because the danger
inherent in such activity has been recognized for a long time. The dissemi-
nation of chronic wasting disease (CWD) and monkeypox are cases in
point (see Chapter 3). Migratory wildlife can play a major role in spread-
ing infectious agents as exemplified by rabies virus in mammals and avian
influenza (AI) virus and Newcastle disease virus (NDV) in waterfowl.

During its deliberations the committee came to appreciate more fully
the rapidly growing importance of wildlife as a source of infectious dis-
ease for people and domestic animals. While the committee had the ex-
pertise to assess the threat posed to humans and domestic animals by
potential pathogens harbored in wildlife, it did not have members with
sufficient knowledge of all the government agencies dealing with wild-
life diseases to undertake a detailed assessment of their effectiveness.
The federal and state responsibilities pertaining to all aspects of animal
health and disease, including both domestic and wild terrestrial and
aquatic animals, span such a wide array of government agencies that a
detailed analysis of their functional relationships was beyond the practi-
cal capabilities of the committee. (For a chart of these agencies, see Figure
2-1 in Chapter 2.)

The committee recognized the importance of fish disease in both
aquaculture (including coastal marine elements) and wildlife fishery.
Aquaculture is the most rapidly growing livestock industry in the United
States. Maintaining animal health is no less an issue for fish stock than for
terrestrial animals. For example, recently the industry has had to cope
with the introduction of exotic diseases such as infectious salmon anemia
and spring viremia of carp in 2001 and 2002, respectively (USDA APHIS-
VS, 2002; USDA, 2004c). Disease-related services at the federal level are
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fragmented among the U.S. Department of Agriculture’s Animal and
Plant Health Inspection Service (USDA APHIS), the U.S. Department of
the Interior’s Fish and Wildlife Service (DOI FWS), and the U.S. Depart-
ment of Commerce’s National Oceanographic and Atmospheric Admin-
istration (DOC NOAA). The need for coordination among these agencies
is being addressed at present by a task force that is actively developing a
National Aquatic Animal Health Plan under the auspices of the Joint Sub-
committee on Aquaculture and the National Science and Technology
Council Committee on Science, to be completed in 2006 (USDA, 2004a).

The Convergence of Human and Animal Health

Diseases found in humans have always been intensely affected by
human-animal interactions. In fact, it is accepted that many infections of
humans have origins in common with animals (Childs and Strickland,
2000). Although there are some diseases that are transmitted between
humans only (for example, syphilis), a large number of domestic animal
diseases are shared with humans—60 percent of the 1,415 diseases found
in humans are zoonotic, and most are “multispecies” for domestic animal
diseases (Cleveland et al., 2001).

With the development of agriculture approximately 10,000 years ago
and the domestication of dogs and later livestock, animals became a more
prominent part of our lives. Although there is good evidence to suggest
that the advent of agriculture brought with it the phenomenon of zoonotic
diseases, a new era of emerging and reemerging zoonotic diseases ap-
peared to begin several decades ago.  Since the mid-1970s, approximately
75 percent of new emerging infectious diseases of humans have been
caused by zoonotic pathogens.  Similar to the time of animal domestica-
tion, which triggered the first zoonoses era a number of millennia ago, a
group of factors and driving forces have created a special environment
responsible for the dramatic upsurge of zoonoses today.

The transmission of animal diseases to humans most often occurs via
food through poor hygiene or improper handling of animal products.
Organisms that cause zoonoses (such as bacteria, viruses, parasites, and
protozoa) can also be transmitted via air, water, and vectors such as mos-
quitoes. In the field of emerging diseases, vector-borne and rodent-borne
diseases are especially notable since they remain major causes of morbid-
ity and mortality in humans in the tropical world and include a large
proportion of the newly emerged diseases (IOM, 2003). The spectrum of
vector-borne diseases are from animal-to-animal (bluetongue), animal-to-
human (WNV), or human-to-human (dengue). It has been estimated that
one tick-borne disease has emerged in the United States every decade for
the past 100 years (IOM, 2003).
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Some scientists argue that, of the more than 30 emerging diseases rec-
ognized since 1970, none are truly “new” but instead only newly spread
to the human population (Saritelli, 2001). Today, new human behaviors
create new risks for animal disease transmission to humans; for example,
the feeding of animal by-products to cattle (which are herbivores) allowed
BSE to emerge and spread to beef-eating humans, and the
xenotransplantation of animal organs into humans raises concerns. The
industrialization of food production, while making standardization of
food easier, has created opportunities for large-scale microbial coloniza-
tion in food animals and subsequent large-scale food contamination with
pathogens, such as salmonella and E. coli O157:H7. Even when concerns
are raised prior to transmission, action is not often taken. For example, it
could have been predicted before 2003 that the importation of African
rodents, including giant Gambian pouched rats, from areas where rodents
are known to carry monkeypox would introduce monkeypox virus into
the United States and potentially spread to humans. Today these pouched
rats are being trained to detect landmines (Wines, 2004). If these trained
rats are sent to various regions of the world to assist with landmine re-
moval but precautions are not taken to ensure that they do not carry the
monkeypox virus, monkeypox may spread to rodents and humans else-
where in the world.

The confluence of people, animals, and animal products within
today’s dynamic international context is unprecedented, and we continue
to face new microbial threats, as evidence by a recent outbreak of E. coli
O157:H7 in a group of children who were exposed in a petting zoo, a
Marburg virus outbreak in Angola, and the monitoring of H5N1 avian
influenza in Southeast Asia as a potential pandemic strain. These concur-
rent events underscore the importance of new scientific and programmatic
partnerships between veterinarians and public health officials and should
serve as an impetus for the animal health framework to ensure a new
capacity and focus that will address emerging and reemerging zoonoses.

ORGANIZATION OF THE REPORT

The next three chapters of this report review, summarize, and evalu-
ate the state and quality of the current system for safeguarding animal
health and the potential for improved application of scientific knowledge
and tools. Chapter 2 provides a general overview of the animal health
framework, supplemented by Appendix C, which contains additional de-
tails on the existing federal system for addressing animal diseases. Chap-
ter 2 is also intended to supply the context for the entire three-phased
initiative, and as such, includes issues relevant to surveillance, monitor-
ing, response, and recovery.  Chapter 3 focuses on prevention, detection,
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and diagnosis, exploring past experiences with a number of specific ani-
mal diseases. Based on the analysis of that experience, Chapter 4 consid-
ers current capabilities and limitations of the existing animal health frame-
work and identifies key gaps in our ability to prevent, detect, and diagnose
animal diseases. Finally, Chapter 5 provides recommendations for
strengthening the existing system and identifies opportunities and needs
for front-line prevention, detection, and diagnosis.
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2

State and Quality of the Current System

INTRODUCTION

The committee was charged to review, summarize, and evaluate the
state and quality of the current animal health framework. This review is
organized into the following categories:

• Components of the Animal Health Framework
• Technological Tools for Preventing, Detecting, and Diagnosing

Animal Diseases
• Scientific Preparedness for Diagnosing Animal Diseases: Labora-

tory Capacity and Capability
• Animal Health Research
• International Issues
• Addressing Future Animal Disease Risks
• Education and Training
• Improving Awareness of the Economic, Social, and Human Health

Effects of Animal Diseases.

COMPONENTS OF THE ANIMAL HEALTH FRAMEWORK

The animal health framework comprises organizations and partici-
pants in the public and private sectors directly responsible for maintain-
ing the healthy status of all animals and those who are impacted by ani-
mal health or are influencers of forces affecting animal health. The
essential components of the framework for addressing animal disease,
beginning with the affected animal, are listed in Box 2-1.
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Front Lines

The front lines contain multifarious actors and components: from in-
tensive, large-scale, highly technical food animal facilities, monitored by
well-trained livestock managers and veterinarians, to disparate clusters
of companion animals within individual homes observed with differing
degrees of intensity by their owners, to wildlife populations without any
kind of regular monitoring contact by humans. It is a sine qua non that the
first signs of a disease outbreak are small abnormalities in behavior. The
sooner a new disease is recognized, the greater the likelihood that it will
be effectively controlled and cause minimal damage.

In this context, an effective framework for animal health is most highly
developed for agricultural animals. In today’s livestock industry, produc-
ers are encouraged to adopt herd health programs and focus on preven-
tion rather than dealing with case-by-case problems (Gary Weber, Na-
tional Cattlemen’s Beef Association, presentation to committee, April 6,
2004). As front-line responders, animal attendants and caretakers may
have variable levels of training and motivation for recognizing and re-
porting abnormalities and sounding an alert when abnormalities are
noted.

Farm animals are also raised by individual “hobbyists” who might
lack the training of paid animal attendants but who potentially have the
luxury to be more observant of their animals than do large-scale animal
producers. They might also have expendable income with which to seek
out veterinary services when needed. Because the number of hobbyists is
growing, a better picture of the animal care practices of this community is

BOX 2-1
Components of the Animal Health Framework

1. People on the front lines of the animal production unit, animal habi-
tat, or companion animal owners

2. Veterinarians and other sources of professional advice and care for
health-related issues (such as universities and diagnostic laboratories)

3. Federal, state, and local animal health and public health agencies
4. International collaborations among agencies, organizations, and gov-

ernments
5. Supporting institutions, industries, and organizations (including edu-

cators and the public health and intelligence communities)
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needed to evaluate the knowledge of this group of owners and their likely
motivation for reporting suspected disease outbreaks.

For companion animals and wildlife, the situation is even more uncer-
tain. With the exception of some large charismatic and commercially viable
species, there is little economic incentive to survey animal health, and in
some cases, an absence of financially remunerated attendants responsible
for monitoring husbandry. In these cases, recognition of a disease abnor-
mality by people not associated with the immediate habitat is due to both
diligence and chance. An astute owner may seek advice on first blush of a
disorder in a companion animal, or alternatively, a group of companion
animals may become quite ill prior to any abnormality being reported out-
side of the immediate surrounding. For wildlife, especially wildlife outside
the oversight of zoo veterinarians and handlers, the situation can be even
more uneven. For large and charismatic species (e.g., chimpanzees, giraffes,
dolphins), detection of anomalies may occur at the early stages of disease
development; however, with the majority of wild species (e.g., rodents,
small birds, reptiles), disease may become widespread before it is recog-
nized by people not associated with the immediate habitat.

Veterinary Medical Profession

The goals of the veterinary profession in the United States, as embod-
ied in the oath taken by its members, are to protect animal health, relieve
animal suffering, conserve animal resources, promote public health, and
advance medical knowledge. In 1994, 56,000 veterinarians were active in
the profession. In 2004, that number had grown to 65,000, a 16 percent
increase. The profession is expected to grow another 25 percent in the
next 10 years. The Bureau of Labor Statistics expects 28,000 job openings
by 2012 due to growth and net replacements—a turnover of nearly 38
percent (AAVMC, 2004). Present employment of veterinarians is de-
scribed in Table 2-1. Each state is responsible for licensing veterinarians
and for regulating private veterinary practice (AVMA, 2004a).

The American Veterinary Medical Association (AVMA), established
in 1863, serves as the lead professional body for veterinarians in the United
States. It is an organization largely driven by private practitioners, the
majority of whom are in companion animal practice and AVMA’s pri-
mary activities are a reflection of the membership. It has a significant in-
fluence on veterinary education through its accreditation process admin-
istered by the Council on Education (COE). The AVMA also promulgates
many and varied policy statements and guidelines that bear on animal
health and welfare and on public health.

The United States Animal Health Association (USAHA) is another
key organization dealing with agricultural animal health and disease is-
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sues. USAHA works with state and federal governments, universities,
veterinarians, livestock producers, national livestock and poultry organi-
zations, research scientists, the extension service, and seven foreign coun-
tries to control livestock diseases in the United States (USAHA, 2005).
This coalition of government, academic, and industry animal health pro-
fessionals has operated for more than 100 years and serves to discuss
prominent issues and deliver resolutions to appropriate organizations and
government for consideration.

The nature of veterinary employment is changing (Table 2-1). Over
the past 15 years, there has been a 35 percent increase in the number of
veterinarians engaged in small animal practice, a 13 percent decrease in
the number of veterinarians in food-animal and mixed practice, and a 47
percent decrease in the number of veterinarians in public practice (i.e.,
government employment). Currently over half the profession is employed
in small animal practice and only about 16 percent serves the livestock
industry and food system, assuming that all the work of government em-
ployees is related to this domain (AVMA, 2005b).

The veterinary medical profession and its branches have been the sub-
ject of several in-depth assessments over the past 35 years (NRC, 1972,
1982, 2004b; Pritchard, 1988; Brown and Silverman, 1999). The KPMG
megastudy conducted by Brown and Silverman (1999), entitled The Cur-
rent and Future Market for Veterinarians and Veterinary Medical Services in
the United States, examined the profession’s income disparities, the increas-
ing demand of services in new areas, and the critical shortage of trained
professionals, and concluded that a series of strategic and substantive
changes are needed in the veterinary profession to meet evolving societal
needs and demands. One of the most comprehensive reviews, the Pew
Veterinary Education Program, concluded: “Veterinary medicine is being
threatened as never before by powerful forces of change in society, rapid
advances in science and technology, and by the changing needs and ex-
pectations of almost every constituency it serves. Decisive steps must be
taken at this time to make corrections in the way that the profession is
trying to fulfill its responsibilities, to bring them more in line with the
changing needs of society. Although it can not yet be defined as a crisis,
the veterinary profession is not adapting rapidly enough to changing
needs and is encountering substantial problems” (Pritchard, 1988). More
recently, a 2004 National Research Council report on the veterinary medi-
cal profession found, among other key factors negatively impacting the
supply of comparative medicine veterinarians, a lack of qualified appli-
cants for all types of postgraduate training programs and the lack of com-
mitment by veterinary medical schools and institutions that offer post-
graduate training programs to prepare and train veterinary students and
postgraduates for veterinary careers other than private clinical practice
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(NRC, 2004b). While it is too early to tell whether the recommendations
from the 2004 NRC report have had an effect, the employment demo-
graphics of veterinarians over the last 15 years (Table 2-1) suggest that
many of the Pew report recommendations have not been realized, due
largely to the limited amount of funding provided and the complete lack
of follow-up and continuity.

Private Veterinarians

Veterinarians in private practices, generally supported by veterinary
technicians, are among the front-line health professionals dealing with
animal disease. They constitute about 80 percent of the veterinary
workforce (ca. 47,000, as shown in Table 2-1). Fewer than 10,000 derive a
significant portion of their income from food-animal practice, and the
number is declining (AVMA, 2005b). Rural demographic changes, inten-

TABLE 2-1 Employment of U.S. Veterinarians Who Are AVMA
Members

2004 1986

Private Clinical Practice Number Percentage Number Percentage

Large animal exclusive 1,887 4.0 1,936 5.7
Large animal predominant 2,596 5.4 4,570 13.5
Mixed animal 3,868 8.2 3,397 10.1
Small animal predominant 5,507 11.7 4,722 14.0
Small animal exclusive 29,951 63.4 17,276 51.1
Equine 2,257 4.8 1,888 5.6
Other 1,198 2.5

Subtotal 47,264 100 33,789 100

2004 1986

Public and Corporate Employment Number Percentage Number Percentage

College or university 3,961 46.7 3,713 39.5
Federal government 641 7.6 2,212 23.5
State or local government 542 6.4 756 8.0
Uniformed services 474 5.6 586 6.2
Industrial 1,566 18.5 2,128 22.7
Other 1,294 15.2

Subtotal 8,478 100 9,395 100

Grand Total 64,867 43,184

SOURCE:  Pritchard, 1988; AVMA, 2005b.
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sification and specialization in the livestock industry, lifestyle issues, vet-
erinary college entrance selection, and perhaps shifts in gender balance
have led to circumstances where fewer veterinary graduates opt for ca-
reers in rural food animal practice (AVMA, 2004b).

Veterinarians working in small animal and exotic practice can also
play key roles in the detection of emerging disease problems. Examples of
successful recognition of early incursions include the diagnosis of West
Nile virus by a veterinary pathologist at the Bronx Zoo and screw worm
incursions halted by small animal and equine practitioners in two differ-
ent states (Nolen, 1999; Thurmond and Brown, 2002).

Federal and State Animal Health Agencies

Federal Animal Health Agencies

This section briefly summarizes the legal authorities and functions of
the federal government for preventing, detecting, and diagnosing animal
diseases. Appendix C contains a more detailed summary prepared by Nga
L. Tran, entitled “Existing Federal System for Addressing Animal Dis-
eases.” Figure 2-1 illustrates the large number of federal entities involved
in addressing animal health issues. International, state, and private enti-
ties involved in animal health issues are not included in Figure 2-1.

The USDA Animal and Plant Health Inspection Service (APHIS)
plays the lead role in protecting the health of domestic animals. Within
APHIS, the majority of the responsibility to protect animal health re-
sides in Veterinary Services (VS). The USDA’s programs addressing ani-
mal health cover a wide range of functions, including deterrence (the
elimination or reduction of factors conducive to the potential import,
transport, or transmission of disease from suspected sources of patho-
gens) and prevention, detection and diagnosis, monitoring and surveil-
lance, emergency response, research, education and training, and com-
munication (see Table C-3). A summary of deterrence and prevention
efforts as they relate to reducing a potential threat before it reaches U.S.
borders are described later in this chapter in the section on International
Issues.

The APHIS-VS division shares responsibility for some animal health
issues with the Food and Drug Administration’s (FDA) Center for Vet-
erinary Medicine (CVM). The CVM regulates and approves the manu-
facture and distribution of food additives and drugs that will be given
to animals. APHIS-VS’s Center for Veterinary Biologics (CVB) regulates
veterinary biologics, including vaccines, bacterins, antisera, and diag-
nostic kits that are used to prevent, treat, or diagnose animal diseases
and ensure that these products are pure, safe, potent, and effective,
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based on the Virus-Serum-Toxin Act (37 Stat. 832-833; as amended De-
cember 23, 1985, Pub. L. 99-198, 99 Stat. 1654-1655; 21 U.S.C. 151-159).

The APHIS-VS division also administers the National Veterinary Ac-
creditation Program (NVAP). This voluntary program certifies private
veterinary practitioners to work cooperatively with federal and state ani-
mal health officials. Nationally, more than 60,000 active accredited veteri-
narians are in the NVAP database. These veterinarians are instrumental
in performing examinations and issuing health certificates critical to the
safe movement of animals, assisting in disease eradication campaigns, and
maintaining extensive animal disease detection and surveillance func-
tions. NVAP work must be consistent with international requirements to
safeguard animal health.

The USDA Food Safety and Inspection Service (FSIS) is responsible
for ensuring the safe, wholesome, and correctly labeled and packaged
commercial supply of meat, poultry, and egg products that move within
interstate commerce, are imported into the United States, or exported to
other countries. Over the years, FSIS has transitioned into a public health
role and has especially focused on food safety and security. Through its
inspection system, which involves inspection of individual animal car-
casses at slaughter, FSIS plays an important disease detection function.
For instance, FSIS assists APHIS in identifying tuberculous cattle carcasses
for the national bovine TB eradication program. The FSIS inspection sys-
tem is further enhanced through its use of toxicological, pathological, and
microbiological analyses. In this capacity, the agency is able to help pre-
vent the dissemination of pathogens and diseases to people and animals
further along the commodity stream. FSIS employs approximately 7,600
inspectors and is the largest employer of veterinarians in the federal
government.

The Fish and Wildlife Service (FWS) of the U.S. Department of the
Interior (DOI) is responsible for the protection and enhancement of wild-
life populations, safeguarding habitat for wildlife, including endangered
species, and the inspection of wildlife shipments imported into the United
States to ensure compliance with laws and treaties and detect illegal trade
(FWS, 2001). DOI’s National Wildlife Health Center (NWHC) was estab-
lished in 1975 as a biomedical laboratory dedicated to assessing the im-
pact of disease on wildlife and identifying the role of various pathogens
contributing to wildlife losses (USGS, 2004). The center provides a
multidisciplinary, integrated program of disease diagnosis, field investi-
gation and disease management, research, and training. It also maintains
extensive databases on disease findings in animals and on wildlife mor-
tality events. Other DOI programs include the National Biological Infor-
mation Infrastructure (NBII), a broad collaborative program providing
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increased access to data and information on the nation’s biological re-
sources.

HSPD-9

On January 30, 2004, the White House issued a policy directive, Home-
land Security Presidential Directive-9 (HSPD-9), which makes the U.S.
Department of Homeland Security responsible for coordinating federal
programs aimed at protecting U.S. agriculture and food from diseases,
pests, and toxins. Veterinary medicine is a critical component of HSPD-9,
which significantly expands federal animal health-related initiatives. For
instance, the policy calls for creation of a national stockpile of animal
drugs and vaccines to respond to serious animal diseases; grants to veteri-
nary colleges for expanding training in exotic animal diseases, epidemiol-
ogy, and public health; and inclusion of veterinary diagnostic laboratories
in national networks of federal and state laboratories (The White House,
2004).

Over the course of 2004, federal response to HSPD-9 and related
Homeland Security presidential directives was initiated and included in a
USDA Agriculture Emergency Response Training session targeting
APHIS animal health personnel and a scientific conference targeting de-
velopment and use of rapid detection technologies. In January 2005, the
Department of Homeland Security released its National Response Plan in
response to HSPD-5 (Management of Domestic Incidents), which includes
elements supportive of HSPD-9 efforts. The National Response Plan
serves to “align federal coordination structures, capabilities, and resources
into a unified, all-discipline, and all-hazards approach for incident man-
agement” (DHS, 2004d) and includes notation that annexes specific to
food and agriculture will be published in subsequent versions of the plan.

State Animal Health Agencies

With few exceptions, states have the greatest responsibilities for ani-
mal health, whether for agricultural animals, companion animals, or wild-
life. Local authorities will quickly become involved in an animal health
emergency, but as soon as resources are overwhelmed, the state will as-
sume responsibility. The federal government oversees issues involving
foreign animal and programmatic diseases, veterinary biologics, and na-
tional identification and surveillance systems. It also monitors animals at
U.S. borders, serves as a reference laboratory, and regulates imported and
exported animals and animal products. Most all other animal health is-
sues are dealt with at the state level or as a part of a cooperative state-
federal program.
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The state departments of agriculture play a vital role in the animal
health framework. Through their departments of agriculture, each state as-
sumes responsibility to provide services and regulations regarding the
health of agricultural animals. States maintain a list of reportable diseases
and require all veterinarians to report disease occurrences. State veterinar-
ians spearhead and direct the efforts of state animal health officials who
have intrastate authority for disease reporting, detection, and often, diag-
nosis. These same officials also serve as key cooperators with their federal
government counterparts in the prevention, detection, and eradication of a
number of foreign and domestic diseases associated with national animal
disease programs. In addition to state veterinarians, a large majority of
states also have state public health veterinarians, whose positions and of-
fices are usually associated with departments of public or community
health. These officials are responsible for dealing with zoonoses and many
other dimensions of veterinary and human public health. State agencies
license veterinarians, regulate the intrastate movement of animals, orga-
nize emergency response, and are responsible for wildlife. States typically
provide regulatory, laboratory, epidemiological, and programmatic sup-
port to their livestock, companion animal, and wildlife industries by work-
ing through veterinary practitioners, directly with producers, with relevant
industries, and with local and federal animal and public health agencies.

A major contribution of the states is the maintenance of animal health
diagnostic laboratories. In most states, animal health diagnostic laborato-
ries are associated with state departments of agriculture and, depending
on the state, are located at veterinary colleges, land grant university de-
partments of veterinary science, or state agencies for public health. Some
states have multiple laboratories. These facilities handle or forward the
majority of specimens for diagnosis and monitoring of disease. Private
laboratories also play an increasing role in the diagnosis of animal dis-
eases, especially for companion animal species. More information about
diagnostic laboratories is described in the section of this chapter entitled
“Scientific Preparedness for Diagnosing Animal Diseases: Laboratory Ca-
pacity and Capability.”

International Organizations

Many international organizations are involved with issues related to
animal disease. Given the increasingly global nature of disease outbreaks,
these agencies, the most important of which are highlighted here, play a
key role with respect to the animal health framework in the United States.
The agencies involved in prevention, detection, and diagnosis of animal
diseases consist of several multilateral groups that have different man-
dates and functions but do not have national regulatory authority.
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Nevertheless, as a member of many of these international organiza-
tions, the United States is committed to the responsibilities of member-
ship. For example, in the case of the World Trade Organization (WTO),
member countries are obligated to bring national laws in conformity with
the WTO agreements and adhere to the dispute resolution procedures
and outcomes.

The WTO deals with the global rules of trade between nations. Its
overriding objective is to help trade flow smoothly, freely, fairly, and pre-
dictably. It achieves these objectives by administering trade agreements,
acting as a forum for trade negotiations, settling trade disputes, and re-
viewing national trade policies. The WTO has nearly 150 member coun-
tries, which account for over 97 percent of world trade, and approximately
30 other countries are currently negotiating membership. Decisions are
made by a consensus of the member countries. Agreements are the legal
ground rules for international commerce and are essentially contracts,
guaranteeing member countries important trade rights. They also bind
governments to keep their trade policies within agreed limits to the ben-
efit of all. While the agreements are negotiated and signed by govern-
ments, their true intent is to help the producers of goods and services,
exporters, and importers conduct their business and to improve the wel-
fare of the peoples of the member countries.

Critically important for the animal health framework is the Agree-
ment on the Application of Sanitary and Phytosanitary Measures (SPS
Agreement), which concerns the application of food safety and animal
and plant health standards while allowing countries to set their own sci-
ence-based standards. Member countries are encouraged to use interna-
tional standards, guidelines, and recommendations where they exist: “The
basic aim of the SPS Agreement is to maintain the sovereign right of any
government to provide the level of health protection it deems appropri-
ate, but to ensure that these sovereign rights are not misused for protec-
tionist purposes and do not result in unnecessary barriers to international
trade. The standards are developed by leading scientists in the field and
governmental experts on health protection and are subject to international
scrutiny and review” (WTO, 1998). For example, members may set more
stringent standards if there is scientific justification or if it is based on an
appropriate assessment of risks and the approach is not arbitrary.

In establishing the WTO/SPS Agreement, three international standard
setting bodies were specifically referenced: the World Organization for
Animal Health (OIE) for animal health and food safety issues of animal
production, the International Plant Protection Convention for plant health,
and the Codex Alimentarius for food safety. Of these so-called “three sis-
ters,” the OIE is the most relevant for monitoring animal health. The im-
portance of the OIE in the animal health framework is to promote trans-
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parency in the global animal health situation through the collection, analy-
sis, and dissemination of disease and health information; to encourage a
coordinated approach to disease outbreaks; to safeguard world trade
through animal health standards; to help define and support animal wel-
fare and animal production food safety initiatives; and to improve na-
tional veterinary services through the determination of standards and lev-
els of performance.

The OIE is an intergovernmental organization created in 1924 with 28
original member countries; it now has 167 member countries. Through
the efforts of scientific commissions and participation of member coun-
tries, the OIE determines, revises, and publishes standards contained in
the Terrestrial Animal Health Code and Manual and the Aquatic Animal Health
Code and Manual. The OIE also collects and disseminates information on
animal diseases, including changes in disease status and programs. The
OIE has established 157 reference laboratories in 30 countries that are able
to diagnose over 80 diseases and address related topics. The OIE also has
15 collaborating centers in 7 countries.

The World Health Organization (WHO), the program for food and
agriculture within the International Atomic Energy Agency (IAEA), and
the Food and Agriculture Organization (FAO) are branches of the United
Nations. In terms of the animal health framework, the FAO focuses on
food and animal health in developing countries. FAO activities include
emerging and “transboundary” disease problems, i.e., those diseases that
move with few barriers from one country to another and significantly
hamper animal protein production and trade. Other forms of FAO techni-
cal assistance are technical advice, professional information, fielding of
experts and consultants, provision of technical documentation, training,
and preparation and execution of field projects in close cooperation with
animal health services of member countries.

The IAEA program for food and agriculture contains a subprogram
on animal health and disease, which is carried out in collaboration with
the FAO. The subprogram promotes improved disease management
through the application of nuclear and related biotechnologies. In this
regard, much effort is focused on diagnostic and surveillance methods
and strategies for priority livestock and poultry diseases in developing
countries such as foot–and-mouth, exotic Newcastle, and African swine
fever.

The WHO deals with diseases affecting humans, including zoonotic
diseases. It contributes to animal health wherever human health is affected
on an international scale. This regionalized organization has individual
country, regional, and worldwide programs and responsibilities. The Vet-
erinary Public Health (VPH) section, which deals with zoonoses and food
hygiene, has access to the expertise of the many specialized WHO agencies.
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The WHO regional office for the Americas is the Pan American Health
Organization (PAHO), whose mission “is to strengthen national and local
health systems and improve the health of the peoples of the Americas, in
collaboration with Ministries of Health, other government and interna-
tional agencies, nongovernmental organizations, universities, social secu-
rity agencies, community groups, and many others.” The PAHO assists
the countries of Latin America and the Caribbean in dealing with health
issues through their scientific and technical experts located in the United
States, country offices, and scientific centers. For example, PANAFTOSA,
a regional laboratory located in Brazil, was originally established to pro-
vide diagnoses of specific diseases, such as foot-and-mouth disease. The
PAHO also provides support for disease eradication efforts in infected
regions and neighboring countries.

Another organization operating in the Americas is the Inter-Ameri-
can Institute for Cooperation in Agriculture (IICA). IICA supports na-
tional veterinary services’ efforts to: (1) develop regulatory mechanisms,
science-based technical capacity, and sustainable institutional infrastruc-
tures; (2) apply the provisions of the Sanitary and Phytosanitary Agree-
ments of the WTO as well as the decisions taken in the international refer-
ence organizations: OIE, IPPC, and Codex Alimentarius; and (3) assist
countries with early recognition of emerging diseases and issues.

The International Regional Organization on Agriculture Health
(OIRSA) works with the seven countries of Central America, Mexico, and
the Dominican Republic (OIRSA, 2004). OIRSA provides support for the
modernization of national services and related sanitary actions. Specific
actions follow the disciplines outlined in the WTO/SPS Agreement and
include harmonization, risk analysis, equivalence, and regionalization. It
also seeks to strengthen inspection and quarantine control related espe-
cially to interregional trade and programs of prevention and control assis-
tance with the harmonization of norms, risk analysis methodologies, sur-
veillance, inspection controls, and support for disease eradication.

A discussion of the role of international developmental agencies, such
as the U.S. Agency for International Development (USAID), foundations,
nonprofit organizations, and regional banks, is beyond the scope of this
report. Worth mentioning because of its relation to the WTO/SPS Agree-
ment is the Standards Trade Development Facility (STDF), which is coor-
dinated by the WTO/SPS Secretariat to assist countries in improving their
sanitary status. Initial funding for the STDF was provided by the World
Bank, one of the world’s largest sources of development assistance, pro-
viding low-interest loans, grants, and interest-free credit to governments
in developing countries for infrastructure improvements. The STDF is a
global program providing technical assistance and capacity building to
developing countries in implementing the measures contained in the SPS
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Agreement. The STDF is both a financing and coordinating mechanism
working with countries to improve their sanitary status and thus comply
with and benefit from the SPS Agreement (STDF, 2004).

The subject of the role of international organizations in helping to
secure animal health in the United States and globally is one that merits
attention in greater detail in future examinations of the animal health
framework.

Supporting Institutions, Industries, and Organizations

Supporting institutions, industries, and organizations also play a role
in preventing, detecting, and diagnosing animal diseases. These include
educational and research institutions, professional societies, and animal
commodity groups. An in-depth examination of all of these entities is not
presented here, but like international organizations, they play a role that
should be examined more closely in future analyses.

TECHNOLOGICAL TOOLS FOR PREVENTING, DETECTING,
AND DIAGNOSING ANIMAL DISEASES

Early detection, identification, and diagnosis are critical for limiting
the extent of an animal disease outbreak and protecting the public from
potential zoonotic disease exposures. Despite recent advances in technolo-
gies—including DNA-based techniques, novel sampling approaches, and
more rapid, automated, and nonsubjective analytic tools—the classic labo-
ratory techniques, which have changed little in the past 50 years, remain
the most common means of identifying animal disease agents. Traditional
bacteriological, fungal, viral, toxicological, and serological testing meth-
ods, though tried and true for several generations, require considerable
investments in time (hours to days), extensive technical training and sci-
entific judgment, and the prior recognition of a clinical problem in order
to trigger testing of the animal or animal population. Sometimes the only
material available for analysis is a dead or dying animal, which is fre-
quently the case with wildlife and occasionally with food-animals. In those
cases, immunohistopathological methods are needed to examine cellular
changes caused by infections, such as the presence of inflammatory cells,
viruses, or antibodies.

State-of-the-art scientific approaches that would enhance early detec-
tion and diagnosis of human disease are often developed by and for basic
research and military applications and then rapidly adopted by first-re-
sponder and public health communities. The same technologies have been
significantly slower to transition into the animal health arena. As noted in
a prior NRC report, technological advances that speed and increase the
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reliability of the detection and diagnostic process have not been aggres-
sively applied to agriculturally important pathogens, nor have they been
inexpensive or field-deployable (NRC, 2003a). The same situation applies
to virtually all animal disease agents, whether affecting wildlife, livestock,
or companion animal species.

Transitional or applied research and federal funding sources to sup-
port the development, validation, and/or implementation of technological
tools specifically for animal health applications are limited. Furthermore,
economic incentives for the private sector do not traditionally support these
development efforts. Federal and state laboratories across the country often
have difficulties in acquiring advanced technologies such as robotics to in-
crease the numbers of specimens or tests that could be processed with mini-
mal human intervention (surge capacity), instrumental analyses (e.g., gas
chromatography, mass spectrometry) for high resolution toxin and protein
detection, and DNA-based tools that provide for rapid and sensitive agent
detection or identification. There are multiple reasons for this situation, such
as constraints on space, the lack of technical know-how or trained staff, or
adequate numbers of samples to justify the acquisition of expensive equip-
ment. Homeland security initiatives related to bioterror preparedness have
improved both federal and state laboratory access to rapid DNA-based di-
agnostic tools such as realtime or quantitative polymerase chain reaction
(PCR); however, as an industry, animal health lags years behind the mili-
tary, first-responder, and public health communities in its implementation
and use of advancing technologies.

In recent years, the movement of diagnostic assays out of the confines
of the laboratory and into the field, closer to the source of the disease, has
been made possible by scientific advances that provide the technology to
shrink laboratory equipment by orders of magnitude (see Box 2-2 for “Ex-
amples of Evolving Technologies”). These technological advances, includ-
ing miniaturization and microfluidics, allow use of increasingly smaller
fluid volumes and microscopically thin equipment components and wir-
ing, all of which allow chemical and physical reactions to occur faster and
more uniformly. Devices that once required feet of laboratory space, rela-
tively large volumes of clinical material, and large quantities of expensive
assay components are now available in high-speed, portable, and in some
cases hand-held forms. Sophisticated real-time PCR equipment, available
just a decade ago only in high-tech laboratories, is now accessible to buy-
ers in portable handheld or backpack versions targeting the first-re-
sponder and security communities. Access to size-reduced laboratory
equipment has allowed fully functional mobile high-tech laboratories to
be moved on site for immediate human health response capability, as seen
in 2001 in Washington, D.C., during the anthrax letter scare and in 2002 in
Salt Lake City for the Olympics. Similar portable laboratory approaches
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have been proposed for rapid on-site response to critical animal health
issues, such as for a potential foot-and-mouth disease (FMD) outbreak in an
area not immediately accessible to regional laboratory services.

Advances in biostabilization—essentially freeze-drying of unstable
assay components—have also allowed movement of assays from the tra-
ditional laboratory to the field, as well as provided the foundation for
fully automated on-site detection systems that continuously sample the
air (termed “sniffers”) and monitor high-risk environments. In 2000, au-
thor Richard Preston envisioned a portable environmental “sniffer” paired
with PCR for genome-based detection of a bioterror agent, compacted into
the size of a briefcase (Preston, 1997). Preston’s novel, a fictionalized ac-
count of bioterrorism, was based on real-world developments that ulti-
mately led to the U.S. Department of Homeland Security’s BioWatch pro-
gram. Since 2003, BioWatch and prototype commercial environmental
sampling and test systems have continuously monitored selected public
venues, including subways, banks, and post offices, for human biothreat
agents (CDC, 2005; OSTP, 2005). Similar automated sampling and moni-
toring of high-risk animal environments for high-economic risk patho-
gens have not received equal attention.

The local public health community can choose to use a broad array of
diagnostic tools ranging from simple rapid detection tests, such as at-

BOX 2-2
Examples of Evolving Technologies That Enhance Prevention,

Detection, and Diagnosis

PREVENTION
• Immune modulators and nonspecific stimulants
• Recombinant vaccines: “marker” vaccines with paired diagnostic assays
• Risk analysis tools: computational modeling

DETECTION AND DIAGNOSIS
• Polymerase chain reaction (PCR), real-time or qPCR
• Genomic sequence analysis, sequencing arrays
• Genechips, microarrays: liquid arrays
• Nanotechnology, biowires: computer chips for disease detection
• Environmental (“sniffer” technology) for detecting airborne pathogens
• Fully automated, integrated sampling, detection, and reporting systems

for pathogens
• High-tech mobile laboratories
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home pregnancy kits, to more sophisticated assay formats, such as PCR.
These formats are common, readily available, and standardized for the
public health community, but not so for the community of veterinary labo-
ratories and clinics. Nanotechnology, the ability to build at a scale of a
billionth of a meter, is being described as the next technical revolution
and may allow the development of electronic circuitry 1,000 times smaller
than current microchips. Among others, one application for human and
animal health includes the potential for embedded medical monitoring
(chips inserted under the skin).

SCIENTIFIC PREPAREDNESS FOR DIAGNOSING ANIMAL
DISEASES: LABORATORY CAPACITY AND CAPABILITY

Overview

The nation’s animal health laboratory system is composed of federal,
state, university, and commercial laboratories. The federal component is
referred to as the National Veterinary Services Laboratories (NVSL). The
NVSL, which is part of USDA-APHIS, provides diagnostic services
through two testing facilities located in Ames, Iowa, and the Foreign Ani-
mal Disease Diagnostic Laboratory (FADDL) on Plum Island, New York.
These laboratories perform the following functions: oversee and conduct
laboratory testing in conjunction with federally mandated eradication pro-
grams for diseases such as brucellosis, pseudorabies, and tuberculosis;
screen samples for the presence of exotic diseases at the request of federal
and state regulatory staff; assist in investigating unusual agricultural ani-
mal disease occurrence in the United States; perform tests to meet animal
export requirements; conduct testing for routine support of national and
state animal health management; and serve as reference laboratories for
certain infectious diseases (USDA, 2004b). However, the vast majority of
routine diagnostic and animal health management analyses on domestic
animals in the nation are conducted daily by state and university-affili-
ated veterinary diagnostic laboratories. The same is true for wildlife dis-
eases. With few exceptions (for example, the U.S. Geological Survey’s
[USGS] National Wildlife Health Laboratory in Madison, Wisconsin; the
Southeast Cooperative Wildlife Disease Study [SECWDS] in Athens, Geor-
gia, which is a federal-state partnership; the FWS Forensics Laboratory in
Ashland, Oregon; and scattered state wildlife agency-affiliated laborato-
ries), routine investigation of wildlife diseases in the United States occurs
in state/university diagnostic laboratories. Diagnostic work on zoo and
exotic animal species is performed by laboratories associated with large
municipal zoos and wildlife parks and by private zoo consultants who
generally are board-certified pathologists. State, university, and commer-
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cial veterinary diagnostic laboratories also investigate diseases in zoo and
exotic animals, often in response to requests from smaller zoos. Taxon
advisory groups and species survival plans within the American Zoo and
Aquarium Association may recommend particular laboratories for cer-
tain tests for the sake of consistency. A zoo and exotic animal laboratory
network was recently established based largely on initial detection of West
Nile virus infections in that environment (Nolen, 1999; Ludwig et al.,
2002). This small but rather active network of diagnosticians and labora-
tories seeks to expand and integrate its activities with other veterinary
and public health laboratory networks and is a key partner in detecting
diseases that often emerge at the interface of exotic animals, domestic ani-
mals, and humans. Toward that goal, the International Species Informa-
tion System is in the process of developing an information technology
tool, termed the Zoological Information Management System (ZIMS), to
replace the limited database software for zoo species.

The classical approaches of diagnosing diseases in agriculture cannot
be transposed onto wildlife diseases. Whereas domestic animal popula-
tions can be manipulated and individual animals can be examined with
relative ease to determine the prevalence or incidence, neither can be done
with wildlife. Thus field work requires specialized expertise that is sup-
ported by research in techniques such as modeling, application of tech-
nologies such as GIS, and knowledge of pathology for field necropsy and/
or collection of specimens. Diagnostic laboratory methodology, in con-
trast, is essentially the same as for domestic animals. Information about
current wildlife disease issues is available through the Wildlife Diseases
Information Node of the National Biological Information Infrastructure
(NBII).

Laboratory Networks

National Animal Health Laboratory Network (NAHLN)

In June 2002, the Public Health Security and Bioterrorism Prepared-
ness and Response Act of 2002 was signed into law. Section 335 autho-
rizes the Secretary of Agriculture to develop an agricultural early warn-
ing surveillance system enhancing capacity and coordination between
state veterinary diagnostic laboratories, federal and state facilities, and
public health agencies, and provides authorization for Congress to appro-
priate funding to the National Animal Health Laboratory Network
(NAHLN) (McElwain, 2003). The NAHLN addresses diagnostic needs for
early diagnosis of exotic and emerging diseases and for routine animal
disease surveillance, as well as diagnostic capacity for disease investiga-
tions, response and control, and eradication programs. The national labo-
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ratory concept was first developed in discussions between the American
Association of Veterinary Laboratory Diagnosticians (AAVLD) and NVSL,
resulting in a Memorandum of Understanding signed by NVSL and
AAVLD in 2001 to “cooperatively improve animal health diagnostic ser-
vices in the United States.” In addition, the Safeguarding Review, com-
missioned by USDA to comprehensively review the federal system for
safeguarding animal health in the United States, emphasized the need for
a comprehensive and coordinated network (NASDARF, 2001). Initial sup-
port through cooperative agreements to 12 state diagnostic laboratories to
establish the pilot NAHLN with NVSL was provided through emergency
appropriation of Department of Defense (DoD) funds for Homeland
Security through the USDA Cooperative State Research, Education, and
Extension Service (CSREES) (USAHA, 2002).

The philosophy behind the design and implementation of NAHLN is
that animal disease surveillance functions most effectively as a shared
responsibility between federal and state animal health agencies. During a
disease outbreak, state veterinary diagnostic laboratories would provide
early diagnosis and significant surge capacity. State labs would assist and
define herds for depopulation, delimit the extent of the outbreak, and con-
duct follow-up surveillance to determine a “disease-free status” (USDA,
2004d). The development of the NAHLN heralded a fundamental change
in the animal health laboratory infrastructure in the United States. For the
first time, the need for state laboratories to test for exotic pathogens was
acknowledged. Perhaps more important, there was recognition of the re-
sponsibility of state laboratories to test in service to their stakeholders.

The main goals of the NAHLN are to expand detection and response
measures for pathogens that threaten animal agriculture and bolster
laboratory capability for select agents with support for personnel, equip-
ment, testing, training, and information technology. Among the ele-
ments being implemented in the NAHLN are development and deploy-
ment of standard diagnostic approaches for identification of select
agents; rapid diagnostic techniques, modern equipment, and experi-
enced personnel trained in the detection of emergent, foreign, and
bioterror agents; a national training program that ensures competency
and consistency in diagnostic testing using new equipment and reagents;
proficiency testing and quality assurance; and upgraded facilities that
meet biocontainment requirements. The NAHLN is also developing an
information technology tool to facilitate data sharing among animal
health agencies through secure, automated, two-way communications
to create a national repository for animal health data; bolstering coop-
eration and communication among animal health officials through main-
tenance of confidentiality of source data; and providing alerts at an ap-
propriate response level (USAHA, 2002).
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The pilot NAHLN involved 12 state/university diagnostic laborato-
ries and was charged with developing capacity and surveillance programs
for eight high-priority foreign animal diseases considered to be of
bioterrorist threat (FMD, hog cholera, African swine fever, rinderpest,
contagious bovine pleuropneumonia, lumpy skin disease, highly
pathogenic influenza, exotic Newcastle disease). Other agents of inter-
est, such as vesicular stomatitis, West Nile encephalitis, Rift Valley fe-
ver, Nipah encephalitis, Hendra encephalitis, scrapie, CWD, and BSE,
will be added in the future (USAHA, 2002). NAHLN laboratory per-
sonnel have been trained in the standard nomenclature used in report-
ing laboratory results. It is anticipated that the number of NAHLN
laboratories and the breadth of diseases covered in the NAHLN will
increase significantly by FY 2009, creating a broader pool of expertise
that can be tapped for surge testing capacity in an outbreak (USDA,
2004d). USDA APHIS and the CSREES recently agreed to expand the
NAHLN definition to include, in addition to the original 12 laborato-
ries in the pilot program, all federal and state laboratories currently
contracting with USDA for scrapie, CWD, and AI/END surveillance
testing. These additional laboratories, however, did not receive any
additional funding beyond appropriate equipment to address infra-
structure needs as discussed above.

The NAHLN administrative structure includes a national coordinator
who reports to the director of the NVSL and a steering committee. In ad-
dition to the NVSL director and the NAHLN coordinator, the steering
committee has representation from the state laboratories through AAVLD
(two NAHLN laboratory directors, one non-NAHLN laboratory director,
and the current president of AAVLD), a state veterinarian, and CSREES
national program leader for homeland security.

Laboratory Response Network (LRN)

USDA APHIS and AAVLD are also partnering with the Centers for
Disease Control and Prevention (CDC) to enlist state veterinary diagnos-
tic laboratories into the CDC Laboratory Response Network (LRN). The
LRN was established in 1999 to prepare the U.S. response to bioterrorism.
The mission of LRN and its partners is to maintain an integrated national
and international network of laboratories that is fully equipped to quickly
respond to chemical or biological acts of terrorism, emerging infectious
diseases, and public health threats and emergencies (Gilchrist, 2001). CDC
runs the LRN program with direction and recommendations provided by
the Association of Public Health Laboratories, the Federal Bureau of In-
vestigation (Department of Justice), the AAVLD, the American Society for
Microbiology, EPA, USDA, DoD, FDA, and DHS (CDC, 2005).
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LRN is a consortium of 137 laboratories that can provide immediate
and sustained laboratory testing and communication in the event of pub-
lic health emergencies, particularly bioterrorism-related events. The net-
work includes the following types of laboratories:

• Federal—laboratories at CDC, USDA, FDA, and other facilities run
by the federal agencies.

• State and local public health—laboratories run by state and local
departments of health.

• Military—laboratories operated by the DoD, including the U.S.
Army Medical Research Institute for Infectious Diseases (USAMRIID) at
Fort Detrick, Maryland.

• Food testing—FDA laboratories and others that are responsible for
ensuring the safety of the food supply.

• Environmental—laboratories that are capable of testing water and
other environmental samples.

• Veterinary—some LRN labs, such as those run by USDA and state
veterinary diagnostic laboratories, that are responsible for animal testing.
Some diseases can be shared by humans and animals, and animals often
provide the first sign of disease outbreak.

• International—laboratories located in Canada, the United King-
dom, and Australia.

The LRN laboratories are designated as either national, reference, or
sentinel. National laboratories (including those at the CDC and
USAMRIID) have the unique resources to handle highly infectious agents
and the ability to identify specific agent strains (CDC, 2005). Reference
laboratories, sometimes referred to as confirmatory reference, can per-
form tests to detect and confirm the presence of a threat agent. These labo-
ratories ensure a timely local response, rather than having to rely on con-
firmation from CDC labs. Sentinel laboratories represent the thousands of
hospital-based and some veterinary labs that are in the front lines. Their
responsibility is to refer a suspicious sample to the right reference labora-
tory. For instance, in the case of severe acute respiratory syndrome
(SARS), CDC laboratories identified the unique DNA sequence of the vi-
rus that causes the disease. LRN then developed tests and materials
needed to support these tests and gave LRN members access to the tests
and materials (CDC, 2005).

Veterinary Diagnostic Laboratories

Each state has a publicly funded veterinary diagnostic laboratory. The
sizes and diagnostic capabilities of these laboratories vary widely, rang-
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ing from a few states with rudimentary laboratories that perform only
serology for one or more eradication program diseases such as brucellosis
to state systems that offer a complete range of diagnostic services for all
economically important agricultural animal species, companion animals,
and wildlife in multiple locations within the state. Some laboratories spe-
cialize by species, primarily serving the local needs within a specified geo-
graphic area, but the majority of state laboratories cover a broad range of
species and conditions. Many are directly affiliated and co-located with a
university-based college of veterinary medicine or veterinary science de-
partment.

The state laboratory system is represented nationally by the AAVLD.
One of AAVLD’s cardinal activities is to accredit publicly funded veteri-
nary diagnostic laboratories. The accreditation program meets interna-
tional standards established by the World Animal Health Organization
(through the OIE). While the OIE does not conduct an accreditation pro-
gram, the Standards Commission does provide standards to member
countries as a guide for accrediting laboratories conducting assays for in-
fectious diseases on the OIE lists (“OIE Quality Standard and Guidelines
for Veterinary Laboratories: Infectious Diseases”). The OIE reference stan-
dards, with minor exceptions, reflect ISO17025 laboratory accreditation
standards.

There currently are 38 AAVLD accredited, full-service laboratories/
systems in the United States, located in 34 states, and two AAVLD accred-
ited laboratories in two Canadian provinces. Accredited laboratories un-
dergo a site visit every 5 years unless major changes in funding or person-
nel warrant an earlier visit. Importantly, accredited laboratories maintain
a full cadre of disciplinary specialists and laboratory sections that include
pathology, bacteriology, virology, parasitology, and toxicology. In some
cases, a few of these services are contracted to another accredited labora-
tory. Nearly all accredited laboratories have board-certified specialists
who head laboratory sections. Specialized molecular assays such as PCR
are in common use, and complete workup of unusual and challenging
diagnostic cases is routine. The broad capability of these laboratories was
an underappreciated resource for both diagnostic testing capacity and
capabilities. One example is the wealth of expertise and equipment in toxi-
cology. As the nation’s public health laboratories struggle to prepare for
the potential challenge of toxins, whether biological or chemical, inten-
tionally introduced in environmental or food matrices, the board-certified
veterinary toxicologists, analytical chemists, sophisticated equipment, and
familiarity with many of these potential toxins extant in accredited veteri-
nary diagnostic laboratories simply must not be overlooked.

Although state laboratories offer a rich resource of diagnostic services
and data, and the accreditation process ensures the quality of these ser-
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vices and data, a lack of uniformity among laboratories limits the value of
compiled data. This is primarily due to the use of different standard operat-
ing procedures and assays that, although withstanding the test of time, have
not undergone rigorous validation to meet current international standards.
To that end, the AAVLD recently began a process of compiling a table of
approved methods to use as a standard for accreditation. Once completed,
standard operating procedures for each approved method will be available
to all, helping to promote standardization nationwide and to increase the
value of diagnostic data routinely generated in state laboratories.

The size and quality of capital assets in the state laboratories vary
widely, from aging buildings in which it is difficult to meet current stan-
dards for security and biocontainment, to recently completed new build-
ings incorporating the latest standards for good laboratory practice, secu-
rity, biocontainment, and waste disposal. Capital infrastructure in many
of the state laboratories is in need of modernization, but most state bud-
gets currently struggle to maintain the current buildings and cannot be-
gin to address new capital investments required to meet contemporary
standards. In an unpublished 2003 informal survey conducted by the
AAVLD to assess Biosafety Level 3 (BSL-3) laboratory and necropsy ca-
pacity in state laboratories, 23 laboratories of 35 responding (from 33 states
and most accredited laboratories) had a BSL-3 laboratory, ranging from
200 to 2,000 net square feet (Terry McElwain, AAVLD, unpublished data,
2003). However, there were no BSL-3 necropsy suites in any of the state
laboratories that responded. Some had remote access to a BSL-3 necropsy
laboratory in another location, primarily associated with Animal Biosafety
Level 3 (ABSL-3) animal housing. In 2004, one state laboratory completed
a new facility that has a large BSL-3 necropsy suite, and at least one other
new state laboratory, to be completed in 2006, will also have a BSL-3
necropsy suite. For additional information on BSL-3 laboratories, see the
section on Containment Facilities later in this chapter.

Commercial Laboratories

Over the past 10 years, commercial for-profit laboratories have moved
forcefully into the realm of animal diagnostics. Initially the primary focus
of these laboratories was on companion animal pathology, both clinical
and anatomical. More recently, commercial laboratories have captured an
increasing share of the routine serological and microbiological work that
in the past was performed almost entirely by federal and state laborato-
ries. The availability of approved assay kits for diagnostic work in ani-
mals and the USDA policy of approving small laboratories in veterinary
practices and other private labs to perform testing for reportable diseases
such as equine infectious anemia has facilitated this change. Few of these

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


54 ANIMAL HEALTH AT THE CROSSROADS

laboratories have the capability to perform routine necropsies and few
offer viral culture or toxicology services. This has placed state laborato-
ries in an interesting paradox, because necropsy, toxicology, and virology
have not been profitable services for state laboratories. Thus, like their
commercial counterparts, state laboratories have relied on high-volume
services such as serology to enhance their revenues. In addition, commer-
cial laboratories may not always have operational relationships with regu-
latory agencies as seamless as those of state laboratories. As a conse-
quence, test results in these laboratories may not be as readily available
for analysis in passive surveillance programs (except for results on re-
portable or notifiable diseases).

Development of private laboratories in corporate food animal pro-
duction systems has also impacted animal disease diagnostics. This trend
is due, at least in part, to the technological advances that have made com-
mercial kits widely available, but it is also driven by the development of
hazard analysis and critical control point (HACCP) and other quality as-
surance programs and by the confidentiality necessary in the competitive
world of food production. The development of in-house laboratories has
been most notable in the swine and poultry industries, but to some extent
it is also practiced in commercial aquaculture and other industries. Again,
laboratory results are not available publicly, and the development of in-
house diagnostics in some production systems has replaced consultations
with health professionals. For example, a 2000 study revealed that over 20
percent of swine production units (primarily small operations) reported
no veterinary visits in the previous 12 months (USDA APHIS-VS, 2001).
Rapid recognition, diagnosis, and reporting of health problems arising
from the introduction of exotic agents are absolutely essential for limiting
the spread of infectious diseases. The development of vertical integration
in laboratory analysis thus provides a special challenge in disease control.
The extent and effectiveness of quality assurance programs in private
laboratories is difficult to assess. Opportunities for outside review and
oversight of these laboratories are limited unless they utilize the Interna-
tional Organization for Standardization (ISO) accreditation or some other
system of assessment by auditors, since AAVLD offers accreditation only
for publicly funded laboratories. The USDA does assess laboratory prac-
tices before approving laboratories to run assays for reportable diseases.

ANIMAL HEALTH RESEARCH

Research on animal health issues is funded by a variety of means and
at a range of levels, usually depending on three main factors: the affected
species, the degree of relevance to human health, and the economic im-
pact of the animal disease. At one end of the spectrum, disease issues
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impacting only companion animals or wildlife and with no relevance to
human health are traditionally very poorly supported. Examples here
might include coronavirus infection in cats (prior to the outbreak of SARS)
or parasitic infections of wildlife. In the absence of federal support, pri-
vate charities and foundations, academic institutions, and industry typi-
cally fund research on these issues, and usually at a very modest level
(Eisner, 1991). Companion animal research is conducted primarily by
pharmaceutical and food companies that have research and development
units; this research is usually product-oriented research that covers the
span from basic research all the way to clinical trials.

At the other extreme, animal health issues that have direct relevance
to human health, as well as significance to animal populations, are usu-
ally funded by federal human health sources (National Institutes of
Health), and often at munificent levels. Examples are bovine spongiform
encephalopathy and highly pathogenic avian influenza, two diseases that
impact very economically important agricultural species, affect interna-
tional trade, but also spell possibly fatal outcomes in humans. Falling in
between these two ends of the spectrum are the majority of animal health
problems, with USDA, and more recently DHS, supporting most of the
research.

In 1994, the Federal Crop Insurance Reform and Department of Agri-
culture Reorganization Act authorized the Secretary of Agriculture to ap-
point an undersecretary for research, education, and economics (REE).
Four agencies were brought into the REE mission, including the Agricul-
tural Research Service (ARS), the CSREES, the Economic Research Service
(ERS), and the National Agricultural Statistics Service (NASS). The REE
agencies are also required to work with the USDA action and regulatory
agencies in support of their operations and missions (U.S. Congress, 1994).

The most recent REE Strategic Plan identifies five key outcomes as
goals of its research effort: (1) a highly competitive global agricultural
system; (2) a safe and secure food and fiber system; (3) healthy, well-nour-
ished children, youth, and families; (4) greater harmony between agricul-
ture and the environment; and (5) enhanced economic opportunity and
quality of life for citizens and communities (USDA, 2002d).

In 2002, ARS, CSREES, and ERS allocated $120 million, $39 million,
and $0.65 million, respectively, for animal health research (Karen Lawson,
personal communication, 2005). In 2001, REE agencies collectively em-
ployed 4,132 science-related technical staff, with the largest portion (ap-
proximately 75 percent) employed by ARS (USDA, 2001). In 2004, ARS
employed 282 scientists in its animal health and protection programs
(USDA ARS, 2004).

As the largest REE agency in overall program and staff budget (ap-
proximately $1 billion) and as the principal in-house research agency for
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the USDA, the ARS uses its funds to support a blend of basic and applied
research activities (NRC, 2003a). Through its 22 national programs, the
ARS has created a substantial infrastructure of research laboratories across
the United States with 244 ARS laboratories at 103 locations and 41 work
sites. The laboratories, over 100 of which are used for research on agricul-
tural animals, include over 3,000 buildings and the agency covers 400,478
acres of land dedicated to research (GAO, 2000).

The major source of funding for university-based research is CSREES,
which in 2002 invested approximately $29 million in animal health re-
search at universities out of $1.04 billion appropriated for all research and
other activities (Peter J. Johnson, personal communication, 2005). In 2001,
CSREES employed 162 science-related technical staff to oversee the fund-
ing of these extramural research activities. The research and education
activities of CSREES were originally authorized under the Hatch Act of
1887. Under its current authorities, CSREES assists research and educa-
tion programs at state institutions, including state agricultural experiment
stations, schools of forestry, 1890 colleges, land-grant institutions, colleges
of veterinary medicine, and other eligible institutions.

CSREES is also charged with implementing USDA’s higher education
mission in the food and agricultural sciences. The cooperative extension
system is a national educational network of partners from CSREES, land-
grant university cooperative extension services, and cooperative exten-
sion services in the 3,150 counties of the United States. The work of the
cooperative extension service was originally authorized by the Smith-Le-
ver Act of 1914 (U.S. Congress, 1914). The educational arm of CSREES
represents an important function in transferring knowledge produced by
researchers to agriculturalists who could then apply research results to
improve production and resolve problems. CSREES has identified 59 pro-
grams that span the biological, physical, and social sciences and that are
related to agricultural research, economic analysis, statistics, extension,
and higher education.

In 2004, CSREES received funding of $1.124 billion. Just under half of
the research funds administered by CSREES are “formula funds,” based
on formulas related to the size of rural and farm populations and distrib-
uted to state agricultural experiment stations. Under formula funds, the
Animal Health Research and Disease Program (Section 1433) received
only $4.5 million in 2004. Competitive, peer-reviewed grants for research
and education programs make up approximately 25 percent of CSREES
research funds. The National Research Initiative (NRI) grants are part of
this external funding and in 2004 were appropriated at $164 million. The
NRI is a competitive grant and peer-review research program. Some of
these funds were used for research to protect natural resources including
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wildlife, optimize livestock health and productivity, and protect human
health and food safety. Special grants are also used for selected projects
and are largely based on congressional directives.

Since the establishment of DHS, additional funding has become avail-
able for animal health issues that are considered of national security inter-
est. This includes most foreign animal diseases, as a deliberate introduc-
tion of one of these diseases could have severe economic consequences.
Recently, two different DHS Centers of Excellence, a Center for Foreign
Animal and Zoonotic Diseases, and a Center for Food Safety, were estab-
lished at land-grant universities.

A forthcoming NRC report Critical Needs for Research in Veterinary Sci-
ence (NRC, 2005) will examine the broad range of fields in which veteri-
nary researchers can contribute, including research in comparative medi-
cine. Diseases cause a significant amount of morbidity and mortality in
both people and animals. To help alleviate this suffering, biomedical re-
search has included the use of animals as one component of research to
understand, treat, and cure many human and animal diseases. The paral-
lels between animal physiology, genetics, and pathology have been noted
for a long time, and the study of animals to understand human disease is
also an accepted area of biomedical research. Animals develop many of
the same diseases as humans and are susceptible to many of the same
bacteria, viruses, and parasites. Animal models have been used success-
fully for research when they share similar and relevant characteristics with
people. Comparative medical research uses animals to simulate biological
functions and help link molecular, cellular, tissue, organ systems, and or-
ganism systems (NRC, 2004d). Unlike discipline-oriented researchers,
comparative medical scientists bridge the interface between fundamental
and basic science and human health. Beyond the benefits to both of these
research areas are the direct benefits to animals themselves.

However, the present involvement of veterinarians in comparative
medicine is insufficient, and current trends to support that participation
are disconcerting. Federal funds for animal research have been relatively
static and the prospects for significant increases in the future seem un-
likely. While the National Institutes of Health (NIH) and National Science
Foundation (NSF) have enjoyed substantial increases in funding, animal
health has largely benefited as a by-product from the study of animal
models and comparative medical systems. Concern persists about the lack
of new animal scientists and researchers for both animal and biomedical
research in the future. The contemporary problems of food safety,
zoonotic diseases, emerging diseases, and agro- and bioterrorism have
stimulated interest in these fields of research, but accelerated interdisci-
plinary and new intergovernmental programs have been slow to develop.
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If the contemporary problems brought about by the convergence of hu-
man and animal health are to be adequately addressed, comparative stud-
ies will need a national focus and sustained attention.

Scientific research and the investigators who carry out that work
must be a central part of the animal health framework. Such research is
critical to reducing animal disease and suffering and to the develop-
ment of new products, treatments, and techniques for animals that indi-
rectly benefit society. The efficiency and productivity of animal agricul-
ture over the years has been a function of successful research on animal
nutrition, effective production systems, and reducing the incidence of
animal diseases.

Containment Facilities

Of particular note in the context of discussing research on animal
health is the issue of containment facilities. Studies of infectious diseases,
whether of interest solely for animal health or as animal models of human
disease, need to be undertaken in a manner that ensures safety for the
operator as well as the general public. As such, there are specified con-
tainment levels for the various organisms that mandate certain structural
and procedural necessities. Containment facilities are classified as
Biosafety Levels 1 through 4, with 4 being the most restrictive (HHS, 1999).
Biosafety level 3 (BSL-3 or BSL-3 Ag) provides the high degree of contain-
ment that is needed when studying a variety of organisms with a recog-
nized potential for significant detrimental impact on animal or human
health or on natural ecosystems (Box 2-3).

This level of containment requires stringent measures such as protec-
tive clothing and respirators; filtered air supply and exhaust; sterilization
of materials originating from the facility, including animal waste; and
strictly controlled entry and exit. The number of BSL-3 laboratories in the
United States is limited; in particular, there are very few BSL-3 Ag entities
due to their demanding and expensive engineering and construction re-
quirements (USDA, 2002b). Consequently, even with full institutional
volition and funding to undertake research with certain agents, such as
classical swine fever, monkeypox, or tularemia, studies can only be con-
ducted if the building meets the design standards required. In 2003, the
National Institute of Allergy and Infectious Disease announced awards to
11 universities to build biosafety laboratories as part of a regional and
national network for infectious disease research under its Biodefense Re-
search Agenda. Of those selected, two of the regional centers are associ-
ated with veterinary science: the University of Missouri-Columbia and
Colorado State University. Each plans to build a BSL-3 facility.
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INTERNATIONAL ISSUES

Deterrence and prevention of animal disease in the United States in-
volve global strategies that are directed at reducing a potential threat be-
fore it reaches the U.S. borders and a border strategy that focuses on inter-
dicting a threat agent at U.S. ports of entry (NRC, 2003a). An overview of
international organizations involved in prevention, detection, and diag-
nosis is provided earlier in this chapter, so the discussion below focuses
on components of the framework responsible for interdicting threat agents
at U.S. ports as well as during the sale and transport of animals (particu-
larly exotic animals) once they have entered the country.

BOX 2-3
Definitions of Level 3 Biocontainment Facilities in the

Animal Health Framework

Animal Biosafety Level 3 (ABSL-3): Involves practices suitable for work
with animals infected with indigenous or exotic BSL-3 agents that present
the potential of aerosol transmission and of causing serious or potentially
lethal disease. ABSL-3 builds upon the standard practices, procedures, con-
tainment equipment, and facility requirements of ABSL-2.

Biosafety Level 3 (BSL-3): Used with agents that may be indigenous or
exotic to the United States that can be contracted by the respiratory route
and may cause serious or lethal diseases to humans or animals or cause
moderate economic loss to the animal industries. The BSL-3 facility is de-
signed to support research activities with serious or potentially lethal
biohazardous materials or infectious substances.

Biosafety Level 3 Agriculture (BSL-3Ag): Designation for animal facilities
in which research involves BSL-3 biological agents that present a risk of
causing great economic harm should they infect the indigenous animal
population (e.g., foot-and-mouth disease). Using the containment features
of the standard BSL-3 facility as a starting point, BSL-3Ag facilities are spe-
cifically designed to protect the environment by including almost all of the
features ordinarily used for BSL-4 facilities as enhancements. All BSL-3Ag
containment spaces must be designed, constructed, and certified as pri-
mary containment barriers. Colloquially, they may be referred to as ABSL-
3 Ag.

SOURCE: Biosafety in Microbiological and Biomedical Laboratories, 4th edition. Available at
http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4toc.htm
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Importation, Sale, and Transport of Animals

In 2003, the United States exported 125,000 head of cattle and im-
ported about 1.52 million head; there were 134,000 live hogs exported and
7.25 million live hogs imported (Beghin et al., 2004). Every year, a variety
of sources provides millions of animals to the exotic companion animal
trade. Animals are captured from their native habitat and transported to
various countries to be sold as companion animals. Others are surplus
animals from zoos or their offspring. Backyard breeders also supply ex-
otic companion animals (API, 2003). Consequently, the importation of
animals is an important concern of the animal health framework.

In 2002, more than 22 federal agencies were consolidated into the De-
partment of Homeland Security (DHS), including components of APHIS
that conduct inspection and animal quarantine activities at U.S. ports and
the Plum Island Animal Disease Center (PIADC). Approximately 2,600
employees from the APHIS Agriculture Quarantine and Inspection (AQI)
force became part of the DHS Border and Transportation Security’s Bu-
reau of Customs and Border Protection (CBP) on March 1, 2003 (USDA
APHIS, 2003a).

Although DHS is now responsible for protecting the nation’s borders,
USDA APHIS, continues to set agricultural policy through risk assess-
ment, pathway analysis, and rule making, including specific quarantine,
testing, and other conditions under which animals, animal products, and
veterinary biologics can be imported. These policies are then implemented
by DHS (USDA APHIS, 2003a). USDA APHIS-VS port veterinarians in-
spect live animals at border ports and place animals in quarantine until
testing is completed. They are located at 43 VS areas and report to the
veterinarian in charge of the VS-Area Office (Joseph Annelli, personal
communication, April 2004). With agricultural border inspectors now a
part of DHS, VS has identified a need for developing new protocols for
training and interacting with these inspectors, as well as a need to work
with DHS to implement improvements recommended in the Animal
Health Safeguarding Review regarding pest exclusion activities at U.S.
borders in its strategic plan (USDA, 2004d).

The Secretary of the Department of Health and Human Services
(HHS), through the CDC, has the authority to make and enforce regula-
tions to prevent transmission of infectious disease from foreign countries
into the United States (42 CFR70 and 71). Under these regulatory authori-
ties, CDC has established embargoes on prairie dogs and other animals
that could carry the monkeypox virus and on birds from specified South-
east Asian countries (CDC, 2003d; CDC, 2004b). Table 2-2 provides a sum-
mary of agencies and functions involved in border control and a review of
the events related to their organization.
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TABLE 2-2 DHS Border and Transportation Security (BTS), Bureau of
Custom and Border Protection (CBP), and Other Components
Addressing Animal Diseases

Agency Agency Description, Responsibilities, & Major Events

Border and Transportation • The largest of the 5 DHS directorates.
Security (BTS) • Includes former U.S. Customs Service, border

security function/enforcement division of INS, APHIS,
Federal Law Enforcement Training Center, and the
Transportation Security Administration.
• Responsible for securing the nation’s air, land,
and sea borders.
• Responsible for securing the nation’s
transportation systems and enforcing the nation’s
immigration laws.

Bureau of Custom and • March 1, 2003, approximately 42,000 employees were
Border Protection (CBP) transferred from U.S. Customs Service, INS, and APHIS to

the new CBP, a new agency under the BTS directorate
within the DHS.
• Approximately 2,700 former USDA employees from
the AQI program and APHIS were transferred into DHS.
• Former APHIS-PPQ personnel at ports of entry
(POEs) who were directly involved in terminal/plane
inspections (100% time) were transferred to DHS; those
with 60-70% time not doing inspection at terminals/
planes were not transferred.
• The agricultural import and entry inspection functions
that were transferred include: reviewing passenger
declarations and cargo manifests to target high-risk
agricultural passengers or cargo shipments.
• The new CBP also carries out the traditional missions
of the predecessor agencies making up CBP (seizing
illegal drugs and other contraband at the U.S. border;
apprehending people who attempt to enter the U.S.
illegally; detecting counterfeit entry documents;
determining the admissibility of people and goods;
protecting U.S. agricultural interests from harmful pests
or diseases; regulating and facilitating international trade;
collecting duties and fees; enforcing all laws of the United
States at borders).

Office Field Operations • Oversees over 25,000 employees at 20 field
(OFO) operation offices (OFOs), 317 POEs, and 14 preclearance

stations in Canada and the Caribbean.
• Responsible for enforcing customs, immigration, and
agriculture laws and regulations at U.S. borders.
• Manages core custom and border protection programs

continued
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TABLE 2-2 Continued

Agency Agency Description, Responsibilities, & Major Events

Border and Transportation • The largest of the 5 DHS directorates.
(i.e., border security and facilitation, interdiction and
security, passenger operations, targeting analysis and
canine enforcement; trade compliance and facilitation,
trade risk management, enforcement, and seizures and
penalties as well as examine trade operations to focus on
antiterrorism).
• Administer Agricultural Inspection Policy and
Programs (agricultural quarantine inspection, AQI, at all
ports of entry in order to protect the health of U.S. plant
and animal resources).
• Administer immigrations policy programs.
• Annual operating budget of $1.1 billion.
• Each OFO is run by a Director of Field Operations
(DFO)

OFO - Associate • Policy advisor to the Office of the Commissioner on all
Commissionerof Agricultural agricultural issues.
Inspection Policy and
Programs

CBP Port Director • On March 1, 2003, CBP designated one port director at
each port of entry in charge of all federal inspection
services establishing a single, unified chain of command.

CBP Ag. Specialist • Enforce USDA regulations and seize any articles in
violation of regulations
• Conduct prearrival risk analysis.
• Cargo examination for quarantine disease and pests.
• Collection, preparation, and submission of pest and
disease samples to USDA.
• Seizures, safeguarding, destruction, or reexportation
of inadmissible cargo.
• Negotiation of compliance agreements with importers
of regulated commodities.
• Stationed only at ports of entry with large volumes of
cargo and only to support the CBP officers.
• As of October 4, 2003, there are 1,471 full-time
permanent agricultural inspectors on board.
• New CBP officers will be trained at the Federal Law
Enforcement Training Center (FLETC) in Glynco, Ga., and
agricultural specialists will continue to learn their trade at
PPQ Professional Development Center in Frederick, Md.
• Agricultural training of CBP officers highlighted as a
concern.

CBP and FDA • In October 2003, CBP and FDA entered into an
agreement to further protect U.S. food supply.
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• At ports of entry, CBP inspectors now carry out
special inspection and sampling of foreign food imports
and make referrals back to FDA for further testing and
analysis.
• CBP and FDA work side by side in targeting efforts,
making joint decisions about any food shipments that
could pose a potential threat to the United States.

National Targeting Center • Part of CBP’s OFO, the NTC provides tactical targeting
(NTC) and analytical research support for antiterrorism efforts

to DHS and its Operations Center. NTC has
representatives from all CBP disciplines.

CBP Laboratories and • On December 8, 2003, LLS moved its Radiation Portal
Scientific Sciences Division Monitor to the NTC.
(LLS)

SOURCES:  DHS, March 2004b; Bonner, 2004; USAHA, 2003a; CBP Today, March 2003; US
CBP website press release, January 2004; Khawaja Ahmad, USDA-APHIS-VS, personal com-
munication, April 2004; DHS 2004e.

ADDRESSING FUTURE ANIMAL DISEASE RISKS

A critical tool for informing decisions about how to prevent or re-
spond to animal disease is the evaluation of risk related to the potential
occurrence, transmission, or establishment of animal diseases. In the con-
text of animal disease, risk analysis is the framework for understanding
the impact of a wide variety of variables on animal health, and particu-
larly, of the transmission of disease through the movement of animals,
animal products, and vectors.

With increased globalization and increasing access to foreign animal
markets, the avenue of contamination through importation of animals and
products that harbor infectious agents requires constant attention. The
WTO/SPS Agreement described earlier in this chapter emphasizes the
use of scientific principles as a basis for the implementation of animal and
human health-related protection measures in trade. Signatory nations
must document the risk that is posed by importing another country’s
products in order to justify trade barriers or sanitation requirements
erected to safeguard domestic animals. The agreement employs the term
“risk assessment” (one component of the risk analysis process) as “the
evaluation of the likelihood of entry, establishment or spread of a pest or
disease within the territory of an importing member according to the sani-
tary and phytosanitary measures which might be applied, and of the as-
sociated potential biological and economic consequences; or the evalua-
tion of the potential for adverse effects on human or animal health arising
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from the presence of additives, contaminants, toxins, or disease-causing
organisms in food, feedstuffs and beverages.”

According to the OIE (2003), identifying the pathogenic agents associ-
ated with the importation of a commodity that could potentially produce
adverse consequences is the first component of risk analysis. The second com-
ponent is risk assessment, described as a process of four interrelated steps:

Step 1—Release Assessment: Description of the biological pathway(s)
necessary for an importation activity to “release” pathogenic agents
into a particular environment, and estimating the probability of that
process occurring, either qualitatively and/or quantitatively.

Step 2—Exposure Assessment: Qualitative and/or quantitative de-
scription of the biological pathway(s) necessary for exposure of ani-
mals and humans in the importing country to the hazards released
from a given source and estimating the probability of exposure.

Step 3—Consequence Assessment: Description of the potential conse-
quences of a given exposure and estimates the probability of them
occurring. Examples of direct consequences include animal infection,
disease, and production losses, and examples of an indirect conse-
quence would be potential trade losses or compensation losses.

Step 4—Risk Characterization or Risk Estimation: Integration of all of
the information gathered during the risk assessment process is inte-
grated to produce overall measures of risks associated with the haz-
ards identified at the outset. An example of a final output might be
estimated numbers of herds, flocks, animals, or people likely to expe-
rience health impacts over time.

The OIE framework is useful for considering and integrating the com-
plexities of risk assessment into logical steps that can be better analyzed
both qualitatively and quantitatively. Two additional components of risk
analysis are (1) risk management, the process by which the results of risk
assessment are integrated with other information, such as political, social,
economic, and engineering considerations, for example, to arrive at deci-
sions about the need and methods for risk reduction; and (2) risk commu-
nication, the explanation of findings from the risk assessment to risk man-
agers, consumers, industry, and other interested parties in an interactive
dialogue about risk-related factors and perceptions (NRC, 1994b). While
other tools and frameworks continue to emerge, this systematic approach
is important for making decisions, setting priorities, planning interven-
tions, and evaluating prevention and control strategies.
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The nation’s animal and public health could benefit more fully from the
potentially powerful analytic capabilities of risk analysis and risk assessment
if there were more widespread understanding of and participation in the
way in which mathematical models of disease incidence and spread are used
to determine risk, and the assumptions inherent in those models. By formal-
izing and strengthening links and communication between risk assessment
modelers, who understand risk modeling methodologies, and biologists, who
understand the agents, animals, biology, and pathways of the disease, the
biological accuracy of pathways being modeled could be improved. These
interactions might help, for example, to clarify uncertainty in the prevailing
knowledge of the disease and in the pathways being modeled, which are
never known with absolute certainty, in order to understand the confidence
that should be applied to reported risk estimates.

In general, there is a need to promote the education of risk assessment
methods for decision-makers, biologists, diagnosticians, and others who
will be called upon to use, or to respond to, risk assessment reports. New
ways to communicate key findings and conclusions of each of the four
steps of risk assessment to those who are neither risk modelers nor ex-
perts in the disease are needed, so that those who must apply the results
of risk assessments to policy or action can better interpret the bases for
risk assessment results and can have confidence in their understanding of
the strengths and weaknesses of the methods used.

That goal might be accomplished, in part, by incorporating the spe-
cific goals and objectives of decision-makers and animal health planners
into initial stages of risk assessment design so that risk assessments can be
more focused and directed, and thus more precise, in addressing specific
animal health issues.

EDUCATION AND TRAINING

Education and Training of Veterinarians

Veterinary Schools

Veterinary medicine comprises several distinct fields of practice, includ-
ing the care of various species of food-animals, small animals, equids, general
or rural practice (mixed domestic animals), ecosystem health (including wild-
life disease and conservation biology), public health, and biomedical science.
Not surprisingly, veterinary schools face a difficult challenge in producing
sufficient graduates for all of these fields with the appropriate depth of com-
petence across the full range of veterinary practices.

The United States has 28 schools of veterinary medicine that graduate
approximately 2,000 individuals each year with a Doctor of Veterinary
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Medicine (DVM) degree (AAVMC, 2003). Attaining this degree requires a
minimum of 2–4 years of university preparation followed by a profes-
sional curriculum that normally extends over 4 years. This pattern of edu-
cation emulates human medical education, with a key difference being
that internship is not required prior to licensing for veterinarians. The
system has served veterinary medicine reasonably well in the past, but it
has not changed in about 50 years despite recent enormous changes in
society that have generated markedly altered production systems and dis-
ease patterns.

The students entering veterinary schools and their decisions to spe-
cialize are also changing. For example, veterinary students are increas-
ingly from urban environments and are women.  Another trend is that,
with more disposable income and greater expectations for the level of
care and services for their animals, companion animal owners have de-
manded greater sophistication and improved health care delivery that has
resulted in specialization into services such as oncology, critical care, in-
ternal medicine, and ophthalmology. These dramatic increases in special-
ization in companion animal services and practices, and improved finan-
cial rewards, have influenced student decision making to enter these
fields.

DVM programs are uniformly subjected to accreditation by the
American Veterinary Medical Association (AVMA), which sets “standard
requirements of an accredited or approved college of veterinary medi-
cine” (AVMA, 2004a). These standards include those relating to organiza-
tion, finances, physical facilities and equipment, clinical resources, library
and information resources, students, admission, faculty, curriculum, re-
search programs, and outcomes assessments. The AVMA’s Council on
Education reviews each veterinary school every 7 years.

The Association of American Veterinary Medical Colleges (AAVMC)
provides a collective voice for the veterinary schools (AAVMC, 2004). It
publishes the Journal of Veterinary Medical Education, sponsors biennial
symposia, manages a national veterinary student application process, and
provides leadership in addressing current issues in veterinary education
and research.

Licensing

State agencies license veterinarians. U.S graduates must be from an
AVMA accredited school and have passed a standard North American
Veterinary Licensing Examination (NAVLE) to enter private practice.
While there is some opportunity for students to focus their undergradu-
ate clinical training in one of the specific fields of veterinary medicine,
accreditation requirements and the broad range of subject matter covered
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by the NAVLE puts a limitation on the practical extent of such training.
As a consequence, specialization in the various fields of veterinary medi-
cine occurs at the postgraduate level. The relatively modest incomes that
are the norm in veterinary medicine (with means that range from $84,000
to $92,000/year for different fields in 2002), together with high levels of
student indebtedness (a mean of $71,000 in 2002) may deter new gradu-
ates from opting for postgraduate training. This has led to the suggestion
that veterinary educators should consider an engineering model of un-
dergraduate professional education in which veterinary students elect a
curriculum track with the depth of study in different disciplines appro-
priate to the field of their choice (Eyre, 2002; Radostits, 2003; Nielsen,
2003). This would require a change in licensing policies, which has been
advocated by some (Karg, 2000).

Training in Population Health/Food Systems

An adequate education in population health is essential for veterinar-
ians on the first line of defense in dealing with animal diseases in the
livestock industry as private practitioners and as employees of govern-
ment agencies or commercial enterprises. It is also essential for those in-
volved in the food system, public health, and ecosystem health. However,
since the objective of about 75 percent of students is to enter companion
animal practice or a related specialty, present curricula emphasize indi-
vidual animal medicine.

A symposium of U.S. veterinary educators (Hird et al., 2002) held in
2002 concluded that:

A crisis in veterinary medicine exists that requires urgent action from vet-
erinary educators, veterinary associations and organizations, and public
and private practitioners. The convergence of animal, human, and envi-
ronmental health issues has created the need for veterinarians with a level
of knowledge and skills that is not being achieved by either new graduates
or the current pool of veterinarians. Unprecedented changes in food ani-
mal production and health, human and animal demographics, diseases,
concern for animal well-being and welfare, antibiotic resistance, and bio-
technology are occurring. In addition increasing threats to animal popula-
tions from the introduction of exotic animal diseases, either accidentally or
intentionally, require a much larger cadre of veterinarians with training in
population health concepts if the US is to manage exotic disease outbreaks
and maintain the security of the of the US food supply.

The conclusions that emerged from this symposium echoed similar
ones made in the 1972 NRC report New Horizons in Veterinary Medicine
and the 1988 Pew National Veterinary Education Program (NRC, 1972;
Pritchard, 1988).

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


68 ANIMAL HEALTH AT THE CROSSROADS

Training in Public Health

A recent survey of education in public health in 27 (of the 28) U.S.
veterinary schools found that the curricula of all 27 required at least one
course in public health; when epidemiology was included, the contact
hours assigned to these subjects ranged from 30 to 120 (mean of 67). Only
four schools, however, have required clinical rotations in public health
(Riddle et al., 2004). Twenty-four of the 27 schools offer from one to six
elective courses varying from a total of 15 to 288 hours. Eight schools offer
elective clinical rotations of 3–4 weeks in length. Twenty-three schools
offer some form of advanced training in public health or epidemiology,
four offering a dual DVM/Masters of Public Health program. Fifteen
schools offer or are about to offer some form of DVM program combined
with an advanced degree related to public health. Statistics describing
first-year employment of new graduates (Table 2-3) indicate that few, if
any, opt for careers in public health or have the opportunity without fur-
ther education. Leaders in veterinary education have called for the pro-
fession and its educational establishment to give much more attention to
meeting societal needs in this field (Hoblet et al., 2003).

TABLE 2-3 First-Year Employment, 2004
Veterinary Graduates in Various Fields

Percent

Private Clinical Practice 68.2
Large animal exclusive 02.5
Large animal predominant 02.8
Mixed animal 09.0
Small animal exclusive 40.4
Small animal predominant 10.0
Equid 03.4

Public or Corporate Employment 01.9
College/university 00.1
Uniformed services 01.2
Federal government 00.1
State/local government 00.1
Industry/commercial 00.1
Not-for-profit 00.2

Other 00.6
Unknown 03.7
Advanced study programs 25.7

SOURCE: AVMA, 2004b
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Ecosystem Health

Ecosystem health provides a broad context for veterinary education
to address wildlife diseases and conservation biology at the level of mul-
tiple populations that share the same environment (Van Leeuwen et al.,
1998; Deem, 2004). While some schools offer undergraduates the opportu-
nity to choose elective courses or rotation in wildlife diseases or zoologi-
cal medicine, most new graduates who wish to specialize in wildlife dis-
eases undertake postgraduate studies to this end. Veterinary schools in
Canada have jointly created an innovative elective undergraduate rota-
tion in ecosystem health (Ribble et al., 1997).

Veterinary Technology Programs

Veterinary technicians are important members of veterinary practice
teams, government agencies, biomedical research laboratories, diagnostic
laboratories, and commercial enterprises. Opportunities to make rural
practice more attractive could depend on having veterinary technicians
who are better suited and empowered to provide appropriate support to
veterinary practitioners. There are 104 programs in veterinary technology
in the United States accredited by the AVMA; 15 offer baccalaureate de-
grees, 2 of which are at a veterinary college.

Postgraduate Studies

Although data on the total number of graduate students in the veteri-
nary sciences are unknown, a 2004 AVMA survey indicated that of 2,225
College of Veterinary Medicine (CVM) graduates, roughly 25 percent re-
sponded they were entering graduate studies at CVMs and elsewhere
(Shepherd, 2004). In 2002, 27.7 percent of all female graduates and 23 per-
cent of all male graduates directly entered advanced studies, including
internships, residencies, and graduate training programs (Wise and Shep-
herd, 2004).

In order to encourage more veterinary students to opt for postgradu-
ate training, at least 10 veterinary schools offer combined DVM/graduate
degree programs, such as DVM/PhD and DVM/Master’s programs, not
counting schools with joint MPH programs (Riddle et al., 2004). Several
colleges have recently offered new DVM/MPH dual degree programs that
can be completed in 4 years.

Postgraduate training can be of several types: (1) clinical training,
leading to certification as a specialist (or diplomate); (2) research training,
to prepare the veterinarian to be an independent research scientist in a
specific area, such as immunology, physiology, epidemiology, microbiol-
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ogy and toxicology; this training may or may not lead to a PhD, although
individuals seriously interested in a research career typically pursue a
PhD, followed by postdoctoral training; and (3) a combination of research
and clinical training—for example, veterinary pathology or laboratory
animal medicine.

Clinical Training

Many, if not most, new veterinary graduates seeking formal post-
graduate education elect residency training (which may be in conjunction
with a M.Sc. degree) and board certification in a medical discipline with a
view to becoming a clinical specialist, often in the companion animal
health discipline.

In the United States, the AVMA guides and regulates the formal pro-
cesses for clinical specialization in a veterinary medical discipline, a pro-
cess that began in 1949 with the pathology specialty. There are now 20
specialty colleges (See Table 2-4). Veterinarians who wish to achieve the
status of a specialist in a medical discipline must undertake an approved
residency program and subsequently pass a rigorous examination set by
a recognized specialty college. Those who successfully complete a pro-
gram become registered “diplomates” in the college or board they choose.
It normally requires about 3–5 years for a new graduate to achieve this
goal. Specialization by species was resisted for many years, except in the
case of laboratory animals, where the American College of Laboratory
Animal Medicine has existed since 1957. The American College of Poultry
Veterinarians was established in 1991. The American Board of Veterinary
Practitioners (established in 1976) recently provided categories for spe-
cialization in avian practice, beef cattle practice, dairy practice, and swine
health management. The number of diplomates in each of these catego-
ries is modest, ranging from 11 to 107.

Diplomate status in a specialty college has become a required qualifi-
cation for faculty in clinical departments of many of the nation’s faculties
of veterinary medicine and has greatly enhanced the quality of clinical
education. The diplomate status in one of several disciplines is the pre-
ferred qualification for section heads in diagnostic laboratories that opt
for accreditation by the AAVLD. Increasing the strength of the nation’s
animal diagnostic laboratory and field investigative network will depend
in part on having adequate numbers of veterinarians with specialist quali-
fications in pathology, epidemiology, microbiology, toxicology, and wild-
life diseases, as well as other laboratory professionals.
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TABLE 2-4 Active, Board-Certified Diplomates (as of December 2004)

Field No. of Diplomates

All Fields 7,970
Anesthesiologists 148
Animal Behaviorists 36
Dentistry 75
Dermatologists 158
Emergency and Critical Care 156
Internal Medicine 1,478

Cardiology 120
Internal Medicine, Small Animal 788
Internal Medicine, Large Animal 357
Neurology 126
Oncology 151

Laboratory Animal Medicine 677
Microbiologists 164

Bacteriology/Mycology 33
Immunology 43
Microbiology 85
Virology 50

Nutrition 47
Ophthalmologists 264
Pathologists 1,411

Anatomical Pathology 1,210
Clinical Pathology 255
Toxicological Pathology 38

Pharmacology 43
Poultry 247
Practitioners 740

Avian 107
Beef Cattle 11
Canine and Feline 408
Dairy 30
Equine 74
Feline Exclusive 71
Food Animal 20
Swine Health Management 18

Preventive Medicine 531
Epidemiology 64

Radiology 264
Radiation Oncology 34

Veterinary Surgeons 1,041
Small Animal 43
Large Animal 23

Theriogenologists 306
Toxicology 98
Zoological Medicine 83

SOURCE:  AVMA, 2004c.
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Research Training and Combination Training

Currently, students who seek board certification are encouraged to
pursue a PhD if they have an interest in research. Unlike MD equivalents,
who often enter postdoctoral training in a research environment, oppor-
tunities for rigorous DVM postdoctoral research training are few. While it
is not unusual for an MD involved in research not to hold a PhD, it is still
expected by veterinary colleges that a veterinarian hold a PhD to under-
take independent research. The extended period of time needed to be-
come a biomedical investigator might significantly discourage students
from pursuing this path. But despite the additional 4–5 years of effort,
some DVMs pursue a PhD and postdoctoral training.  Most typically, vet-
erinarians entering the field of biomedical science and research do so
through graduate degree(s) and postdoctoral training in a medical disci-
pline. Some combine this with specialty training in clinical disciplines,
such as laboratory animal medicine or veterinary pathology, leading to
certification as a diplomate in the American College of Laboratory Ani-
mal Medicine (ACLAM) or the American College of Veterinary Patholo-
gists (ACVP), respectively.

Data compiled by the NRC study National Need and Priorities for Vet-
erinarians in Biomedical Research in 2004 indicate a strong but unfilled de-
mand for veterinarians with proven research skills. The NRC report docu-
mented the rising number of position announcements for laboratory
animal medicine veterinarians, which increased from less than 20 in 1995
to 50 in 2001. At the same time, animal use in the NIH grant portfolio is at
an all-time high, a reflection of the continuing importance of animal based
research (NRC, 2004b). Nearly 5,500 grants, or about 40 percent of all NIH
competing grants, involved the use of live vertebrate animals (NRC, 2004b).
However, NIH grants usually do not support animal disease research ex-
cept as models for human disease. Veterinarians need to be trained in bio-
medical research to take active roles as principal investigators on NIH
grants related to animal models for human disease and other grants for
animal disease research, including investigations of the role of animals in
zoonoses. The NRC report’s review of  Research Project (RO1) funded
NIH grants in 2001 indicated that only 4.7 percent of NIH-funded com-
petitive grants utilizing animals were awarded to veterinary principal in-
vestigators. The number of RO1s awarded to DVMs was small even dur-
ing the period of doubling of the NIH budget (1997-2001): 76 RO1 awards
to DVMs in 2001 (NRC, 2004b). The report concluded that the current
number of veterinary investigators is not adequate to capitalize on the
unique potential of comparative medicine to contribute to biomedical re-
search.
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The ACVP has provided further evidence of the future shortfall in
biomedical scientists (ACVP, 2002). It studied the national needs for vet-
erinary pathologists by surveying potential employers for the period
2002–2007 and compared this estimate to the expected output of trainees
from existing training programs for the same period. It concluded there
would be a shortfall of 336 pathologists or 50 percent of the predicted
demand.

In summary, these facts point to a critical need for colleges of veteri-
nary medicine to reexamine the nature of training provided to students
relative to national needs. Although a more detailed examination of fac-
tors that impede veterinary students and veterinarians from pursuing re-
search careers is beyond the scope of this report, these issues are the sub-
ject of a forthcoming NRC report entitled Critical Needs for Research in
Veterinary Science (NRC, 2005).

Continuing Veterinary Medical Education (CVME)

In 2002, the AVMA Council on Education removed the Continuing
Education Standard as essential for veterinary college accreditation.
Hence this body no longer reviews college CVME programs. At present,
no organization sets CVME national standards, as is the case for continu-
ing medical education (Moore, 2003).

CVME is delivered by schools of veterinary medicine, various profes-
sional associations and societies, employers, and government agencies.
Forty-one states, in one form or another, have mandated requirements for
CVME to maintain licensure (Moore et al., 2003).

APHIS-VS administers the National Veterinary Accreditation Pro-
gram (NVAP) (USDA-APHIS-VS, 2004) and plans to make regular CVME
a mandatory requirement for the accreditation of private veterinary prac-
titioners who wish to participate in federal and state regulatory programs
(Torres and Bowman, 2002). It is anticipated that accreditation will be des-
ignated in two separate categories: one for companion animals and one
for food-animals. Proposed rule changes are expected to be available for
public comment in the winter of 2005 (Lawrence Miller, personal commu-
nication, June 2005). Currently, 80 percent of practicing veterinarians are
accredited. The current accreditation program does not require veterinar-
ians to maintain, through continuing education, their knowledge of for-
eign animal diseases. Under the proposed new program, foreign animal
disease training will be available to complete CVME requirements to
maintain accreditation status (Lawrence Miller, personal communication,
June 2005).
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Education and Training of Others on the Front Lines

Most animal handlers and others working and living with animals on
a day-to-day basis are not health professionals and acquire their knowl-
edge about animal disease through one or more means, such as from their
veterinarian, employer, the Internet, industry magazines, commodity or-
ganizations, and extension programs offered by universities, government,
or producer organizations. By definition, extension agencies are well po-
sitioned to take the initiative to provide appropriate training programs,
but would probably require additional support to develop such instruc-
tion, given competing priorities and a challenging budgetary environ-
ment.

Wildlife agencies are expected to keep staff biologists and technicians
adequately informed about disease issues. Hunters and naturalists can
get information from societies dedicated to their interest or hobby through
print, meetings, and the Internet.

AWARENESS OF THE ECONOMIC, SOCIAL, AND HUMAN
HEALTH EFFECTS OF ANIMAL DISEASES

An outbreak of animal disease can have significant economic, social,
and human health effects, although these effects vary considerably de-
pending on the nature of the disease and the specific outbreak. Some ani-
mal diseases can have significant effects on markets. These include direct
impacts on lost production and farm income, unintended costs to adjust
from lost output, sector and community losses in welfare, and impacts on
markets (prices) and trade. Consumers may lose confidence in the safety
of meat and other food products, and this loss of confidence can contrib-
ute to a decrease in prices as well as lack of trust in public authorities. The
potential for market and other impacts of an actual or threatened animal
disease outbreak points to the importance of accurate and ongoing com-
munication with consumers, producers, and the general public. Increas-
ing dependence on trade can increase the volatility of prices. With the
confirmed cases BSE in Canada in May 2003 and the Canadian-U.S. bor-
der closed to live cattle trade and only limited meat trade, U.S. beef prices
rose by over 26 percent in 2003. After discovery of a BSE case in the United
States in December 2003, U.S. beef prices fell by nearly 11 percent. The
world beef trade declined by an estimated 2.5 percent in 2004 (Beghin et
al., 2004). A recent review of studies of the economic impact of
transboundary animal diseases indicates significant losses caused by the
perceived threat of transboundary animal disease and control efforts. The
studies include losses to Uruguay of added trade revenue estimated up to
$90 million per year from the presence of FMD (1996) and losses in the
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United Kingdom in 2000 related to BSE (lost trade, production, and other
financial costs) of €5 billion (Otte et al., 2004). USDA estimates losses to
the U.K. economy of $3.6–11.6 billion for FMD and $5.8 billion for BSE
(USDA ERS, 2001). BSE is linked to variant Creutzfeldt-Jakob disease
(vCJD) known to have caused 147 human deaths in the United Kingdom
as of December 2004 (CJD Statistics, 2004).

In addition to known animal diseases from naturally occurring expo-
sure is the added risk of disease that is spread with malicious intent (NRC,
2003a). Also, diseases associated with environmental disturbance or deg-
radation are becoming more important. The effect of environmental con-
tamination can affect domestic animal production, as well as the health of
wildlife, and the value of hunting and fishing for recreation or livelihood.
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3

Assessment of Current Framework:
Case Studies

INTRODUCTION

In this chapter, a series of case studies are examined to assess the
capabilities and limitations of the framework in preventing, detecting, and
diagnosing animal diseases. The analysis of disease events that have oc-
curred nationally and abroad provides useful information on the re-
sponsiveness of the framework as a whole and lays the groundwork for
Chapter 4, which identifies gaps and opportunities to strengthen the frame-
work. This chapter does not attempt to provide a comprehensive analysis
of all animal diseases, but examines a “cafeteria-style” sample of diseases
that could have potentially large economic, human, and/or animal health
impact. Box 3-1 lists the animal diseases and disease categories selected
for analysis. The list is not based on diseases that are the most problematic
or prevalent in the United States. (For example, food-borne diseases
caused by Salmonella enteriditis and Escherichia coli O157:H7 are not on the
list; they pose greater concerns for the health of humans than for animals.)
Instead, the animal diseases or disease scenarios described here, from
acute to chronic, endemic to exotic, naturally occurring to intentionally
introduced, were selected to consider the breadth of issues that must be
addressed by an inclusive infrastructure capable of detecting, diagnosing,
and preventing a wide variety of events affecting animal and human
health. The diseases selected involve each of the major animal types,
namely food-animals, wildlife, and companion animals.
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FOREIGN ANIMAL DISEASES: EXOTIC NEWCASTLE DISEASE
AND FOOT-AND-MOUTH DISEASE

Exotic Newcastle Disease

Exotic Newcastle disease (END) is a contagious and fatal disease af-
fecting all species of birds. Previously known as velogenic viscerotropic
Newcastle disease (VVND), END is one of the most infectious diseases of
poultry worldwide. A death rate of nearly 100 percent can occur in unvac-
cinated poultry flocks. The virus is so virulent that many birds die prior to
showing clinical signs, and END infection can have high mortality even in
vaccinated birds (University of Georgia, 2003).

END is classified as a foreign animal disease in the United States, his-
torically causing severe economic losses when commercial poultry in-
dustries become infected, as occurred in a major outbreak of END in
southern California in 1971. The disease threatened not only California
poultry production, but it also had a significant economic impact on the
entire U.S. poultry and egg industry. In all, 1,341 infected flocks were
identified and 11.9 million birds were destroyed over a multiyear disease
control effort. Disease eradication cost taxpayers $56 million (over $250
million in 2003 dollars), severely disrupted the operations of many pro-
ducers, and increased the price of poultry and poultry products to U.S.
consumers (Utterback, 1973; Davidson-York et al., 1998). It took 3 years to
fully eradicate the disease, and nearly two decades before another out-
break of END occurred in U.S. commercial poultry. In the early 1990s,
over 26,000 commercial turkeys were destroyed in North Dakota follow-
ing detection of END. The virus is believed to have been transmitted to
the turkeys from cormorants or other free-ranging birds. Hundreds of cor-
morants had previously died at a lake not far from the turkeys, in an out-
break that is believed to be the first documented Newcastle-related die-
off of wild birds in the United States (Meteyer et al., 1997). Though END
virus has not been detected in commercial birds in the United States since
then, it is now known to exist in free-ranging wild birds, as well as in
psitticine species. A variety of psitticine species enter the United States
through the pet bird trade, generally traveling through USDA quarantine
stations; however, illegal movements across U.S. borders also occur. END
is detected nearly every year in California, primarily in psitticine and free-
flying wild-bird species; however, in 1998, END was detected in urban
gaming chickens in the state (Crespo et al., 1999). Subsequent to the 1971
outbreak, the presence of END has been detected numerous times through
case submissions to the state’s diagnostic laboratory (passive surveil-
lance), confirmed as END by the federal laboratory system, and rapidly
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eliminated by state regulatory authorities prior to spread of the disease
(Molenda, 2003).

Detection and Diagnostic Methods

Despite the recognized and significant economic impacts of END in-
troduction into the U.S. commercial poultry industry and the repeatedly
observed risk of reintroduction in California, surveillance, detection, and
diagnostic approaches were little changed in 2002 from those used in 1971.
The accepted diagnostic standard was virus isolation in embryonated

BOX 3-1
Animal Diseases Addressed in This Chapter

Foreign Animal Diseases. Important transmissible livestock or poultry dis-
eases that are largely absent from the United States and its territories and
that have the potential to cause significant health or economic impact
should the causative agent be introduced. Foreign animal diseases dis-
cussed in this chapter include:

• Exotic Newcastle disease (END)
• Foot-and-mouth disease (FMD)

Recently Emergent Diseases. Infectious diseases for which the risk in ani-
mals has increased in the past two decades or threatens to increase in the
near future. These diseases include:

A. New infections resulting from changes or evolution of existing or-
ganisms or newly infectious particles (such as prions)

B. Known infections spreading to new geographic areas or populations
C. Previously unrecognized infections emerging in new geographic ar-

eas and human populations due to changing technologies and behaviors
D. Old infections reemerging as a result of antimicrobial resistance in

known agents or breakdowns in animal disease control measures.

The recently emergent diseases addressed in this chapter are:

• Monkeypox
• Bovine spongiform encephalopathy (BSE)

Previously Unknown Agents. Pathogens previously unrecognized that have
recently (within the past decade) been transmitted from animals to hu-
mans. Included for discussion in this chapter:

• Severe acute respiratory syndrome (SARS) coronavirus
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eggs, a process requiring 2 to 7 days, followed by pathogenicity testing of
the isolated virus by inoculation into chickens or direct nucleic acid se-
quence analysis of the virus’ pathogenicity marker. Isolation and charac-
terization of the virus requires several days to several weeks, depending
on the availability of eggs and experimental birds, access to containment
and/or sequencing facilities, and technical resources at the federal labora-
tory. Though state and university veterinary diagnostic laboratories typi-
cally have virus isolation facilities with trained technical staff, consider-
ation had not been given to using these resources; instead, the existing
paradigm was for the federal laboratory to perform foreign animal dis-

Endemic Diseases. Animal-borne diseases that are native to or commonly
found in the United States. Examples addressed here include:

• Avian influenza
• Chronic wasting disease
• West Nile virus

While the committee recognizes that at one time these agents may have
been considered as newly emergent, each of them has now become firmly
established in North America and is considered endemic for the purposes
of this report.

Novel Naturally Occurring Pathogens. Organisms previously unreported
or infrequently associated with being a primary pathogen in a given host
species. Novel naturally occurring pathogens may contain new genomic
elements acquired through natural processes and not as the result of in
vitro insertion.

Bioengineered Animal Pathogens. Organisms containing genomic elements
that were acquired in vitro.

Diseases of Toxicological Origin. Diseases caused by exposure to toxic
substance(s), including drug residues, in a concentration that alone or in
combination meets either of the following criteria: (1) the animal(s) affected
is/are a potential source of toxicological contamination to humans or other
animals and/or (2) the source of the toxicological agent or exposure is po-
tentially hazardous to humans or other animals.
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ease testing. National technical training and proficiency evaluation for
the isolation and characterization of foreign animal diseases, including
END virus, did not exist, which limited possibilities for providing surge
capacity needed in the face of an END outbreak. Proven technology that
would allow surge capacity in the form of rapid and sensitive diagnostic
assays had not yet been directed toward END detection, primarily because
the  U.S. Department of Agriculture (USDA) Cooperative State Research,
Education, and Extension Service (CSREES), the major funding agency
for animal health, discouraged allocation of competitive research dollars
for projects solely targeting the development and validation of veterinary
diagnostic assays.

However, in response to heightened biothreat awareness in early 2002,
the USDA, in cooperation with the Department of Homeland Security,
created a list of eight high-risk agriculture pathogens (USAHA, 2003a).
Included in the $14 million funding allocated to the USDA Agricultural
Research Service (ARS) for developing rapid diagnostics for the high-risk
agricultural pathogens was $2.8 million for two poultry pathogens in-
cluded in the list: highly pathogenic avian influenza (AI) virus and END
virus (USDA, 2002f; USDA ARS, 2002). Months later, prior to the develop-
ment or availability of rapid detection assays in the United States (though
rapid END diagnostic approaches were documented in the international
literature), END was again found in game fowls in southern California
(Nolen, 2002). The END outbreak illustrates the following findings:

• The animal health infrastructure lacked an analysis system for an-
ticipating challenges to animal agriculture and a system for providing
appropriate intervention or rapid detection strategies despite acknowl-
edged risks of introduction of a high consequence pathogen into the
United States.

• The existing infrastructure did not support timely development,
validation, and implementation of state-of-the-art technologies for pre-
vention, detection, and diagnosis of recognized and economically threat-
ening pathogens.

The 2002 END Outbreak

The timing and movement of the END outbreak in 2002–2003 fol-
lowed a pattern eerily similar to the 1971 outbreak (see Table 3-1). In late
September 2002, a game chicken was presented to the state’s animal health
laboratory by a private veterinary practitioner on behalf of a southern
California game fowl owner that had lost 200 birds (90 percent mortality)
over a 5-day period. Two days later a veterinarian in a neighboring county
contacted the state laboratory to report high mortality in a small backyard
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flock of laying hens. Within the previous 6 months, two unrelated com-
panion animal bird submissions with confirmed END infections had been
traced to origins in southern California. In all cases the laboratory sus-
pected END virus, and samples were transported to the federal labora-
tory in Ames, Iowa, as required for confirmation of END (Humanitarian
Resource Institute, 2004). The END viruses isolated in the spring and fall
of 2002 had identical genomic sequences, suggesting the virus may have
entered bird populations in southern California at least 6 months before
the declared outbreak. By the time the initial game fowl cases were de-
tected by passive surveillance in late September, the disease had spread
throughout the urban population of game and noncommercial poultry in
southern California. The size and significance of the urban poultry popu-
lation had clearly gone unrecognized, and the social and cultural barriers
to effective surveillance within that population had not been addressed.
Within the first week of the outbreak response alone, more than 5,000
noncommercial birds were depopulated and 30 backyard flocks placed
under quarantine in a three-county area. Ultimately, nearly 300,000 pre-
mises were visited during the outbreak, and 90,000 of them had avian
species, primarily poultry. Though trade partners had been notified by
USDA of the END detected in game chickens on October 1, 2002, a federal
emergency was not declared until January 6, 2003, by which time virus
had been detected in 5 of the ultimate 22 infected commercial poultry
flocks (USDA APHIS, 2003b).

Requests to the European Union for regionalization to protect U.S.
trade and questions of federal and state authorities had, however, been
initiated by USDA in late October and November (Rob Werge, personal
communication, 2004). Heightened awareness of the disease resulted in
the detection of END in neighboring Nevada game chickens in mid-Janu-
ary 2003, Arizona game chickens in early February, and an isolated inci-
dent of an unrelated END virus in Texas game chickens in early April. By
the time the final END positive bird was detected 9 months later, 22 com-
mercial premises and a total of 3.21 million birds had been depopulated at
a cost of more than $160 million in federal control efforts. Up to 71 percent
of USDA veterinary services staff—and a total of 7,690 state and federal
employees—were recruited into the eradication effort (USDA APHIS,
2004a). Based on this review, the committee found:

• The existing animal health infrastructure was designed to detect
and respond to disease in commercial agriculture production systems,
and was not appropriate for nontraditional species, management, or envi-
ronments, effectively delaying both detection and response activities.

• The lack of adequate surveillance for END, a foreign animal dis-
ease already known to enter the country periodically, allowed the virus to
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TABLE 3-1 Timeline of 2002-2003 Exotic Newcastle Disease (END)
Outbreak in Southern California

2002 March • Two unrelated companion animal birds diagnosed with
END. Federal efforts trace origin of birds to Southern
California.

September 25 • Index case END outbreak game fowl submitted to state
diagnostic laboratory by private practitioner.

September 27 ·• Second case in backyard chickens submitted to state
laboratory.

• Task force formed. Urban door-to-door disease eradication
efforts begin.

October 1 • National Veterinary Services Laboratories (NVSL) confirms
END virus. U.S. Department of Agriculture (USDA) notifies
state veterinarians and trade partners. EU bans import of
U.S. poultry.

• USDA transfers $7.4 million in funds from Virginia LPAI to
END ($5 million for state, $2.4 million for USDA VS).

• Initial development of rapid diagnostic assay begins.

November • Prototype Real-time Reverse Transcriptase (RRT)
Polymerase Chain Reaction (PCR) used in conjunction with
virus isolation by state laboratory to detect END.

December 23 • First detection of END in a commercial flock, presumptive
diagnosis by state laboratory using virus isolation and RRT
PCR, officially confirmed December 21 by USDA testing.

• Secretary of Agriculture approves $121.8M fund request for
END control.

2003 January • USDA declares extraordinary emergency.
• Prototype RRT PCR used in federal laboratory.
• END detected in Nevada game fowls (January 16, 2003).

Nevada Task Force established. USDA declares
extraordinary emergency for Nevada (January 17, 2003).

• E.U. and Mexico agree to regionalize United States,
restricting trade only with California, Nevada, and Arizona.

• Arizona Task Force established due to proximity to
California quarantine zones.

February 4 • Arizona game fowl confirmed positive for END.

February 7 • USDA declares extraordinary emergency for Arizona.
• Virus isolation (egg inoculation) reaches peak laboratory

capacity at ~4,000 samples per month.

March • Last detection of END in a commercial poultry flock.
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April 9 • END detected in Texan game fowl.

April 10 • USDA declares extraordinary emergency for Texas and
border state New Mexico.

• USDA reports genomic sequence of Texas isolate differs
from outbreak virus indicating introduction not due to
spread from California, Nevada, and Arizona.

• USDA officially validates USDA single-tube END RRT PCR.
Test turn-around is 4–24 hours, laboratory capacity ~184
tests per day based on 3 cyclers and 3 technicians.

May • Final positive noncommercial bird detected.
• State laboratory initiates use of modified high-throughput

RRT PCR. Test turn-around is 4–24 hours, laboratory
capacity ~1900 samples per day.

• USDA lifts quarantines from all but original infection sites in
Nevada and Arizona.

June • USDA lifts quarantine in Texas and New Mexico except for
area around original positive premise.

July • Quarantines lifted from Arizona, Nevada, Texas, reduced
areas in California.

August • E.U. lifts trade restrictions except for Southern Califonia,
and original infection sites in Arizona, Nevada, and Texas.

• California and Mexico sign agreement for regional plan for
prevention and mitigation of future END outbreaks.

September • USDA approves $9.476 million for END surveillance.
• USDA lifts California quarantine. Surveillance efforts

directed toward avian health and mitigation continue.
• Mexico and Canada lift END-related trade restrictions.

Final • 19,146 premises quarantined
totals • 932 confirmed infected premises identified

• 3.21 million birds depopulated in four states
• $160 million in control costs
• 7670 state and federal employees on the END task force

spread and become established in a relatively large animal population
before detection.

In the absence of available rapid detection and diagnostic assays for
END, the USDA and the state diagnostic laboratory, in a largely uncoor-
dinated effort, initiated development of a molecular-based diagnostic ap-
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proach to reduce from days to hours the time needed to obtain an END
diagnosis. The federal approach was based on past experiences and suc-
cesses with flock-based detection, while the state responded to the charac-
ter of the current outbreak by focusing on high-throughput capacity and
reliable detection in individual birds. Both groups used the established
technology of real-time polymerase chain reaction (PCR). The state labo-
ratory lacked significant fiscal resources specifically allocated for assay
development and so relied on partnerships and collaborations with other
federal agencies (such as the Department of Energy) and with commercial
biotechnology equipment and reagent suppliers. The use of the extensive
network of expertise located outside of the federal (and state) system al-
lowed for timely development of a more cost-effective and rapid approach
to detection and diagnosis of END, which was ultimately used on more
than 81,000 samples during detection and control efforts by the state labo-
ratory. The combination of real-time PCR with the high-throughput ap-
proach allowed a 10-fold increase in workload to more than 1,500 samples
tested daily with results available within 4 to 24 hours, and is credited
with supporting rapid and effective testing for disease eradication. The
final END quarantines were lifted within 11 months of initial END detec-
tion in game fowls, despite earlier USDA Animal and Plant Health In-
spection Service (APHIS) projections of a 3-year disease control effort
(USDA APHIS, 2003c). The committee found the following:

• Private industry, local and regional resources, and the willingness to
capitalize on expertise located outside the centralized federal animal health
system allowed a more timely, cost-effective, and reliable assay to be devel-
oped, validated, and implemented for disease detection and control.

Foot-and-Mouth Disease

Foot-and-mouth disease (FMD) is a highly contagious viral disease of
cattle, swine, and other cloven-hoofed species including sheep, goats, and
deer. The disease is characterized by fever and blister-like lesions followed
by erosions on the tongue and the lips, in the mouth, on the teats, and
between the hooves. For some strains of the virus and host species, clini-
cal signs of infection can be minimal or go clinically unrecognized. Most
affected animals recover, but the disease can leave them debilitated and
livestock herds can experience severe losses in production of meat and
milk, providing the economic justification for including FMD virus among
the OIE List A diseases (OIE, 2003). Pigs amplify most strains of FMD
virus to high concentrations, so they transmit the disease readily, while
cattle are generally considered the species most susceptible to infection.
The virus can be transmitted readily to susceptible animals either by in-
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gestion or inhalation of the virus from contagious animals or innate ob-
jects, such as contaminated vehicles, clothing, or feed or water. The virus
is well known for its potential to spread widely and rapidly in the absence
of obvious clinical signs that would trigger early detection and appropri-
ate control measures.

FMDV in the United Kingdom

The United States has not had an incursion of FMD virus (FMDV)
since 1929, but the devastating outbreak of FMD in the United Kingdom
in 2001 (Box 3-2) has provided lessons about prevention, detection, and
control of the disease in the United States. As in the United Kingdom, the
United States does not permit the use of FMDV vaccine, creating a na-
tional population of FMDV-susceptible animals. Moreover, the United
States has a large wildlife population—including feral swine, deer, and
other susceptible cloven-hoofed animals—for which timely detection and
prevention would be difficult, if not impossible. Establishment of infec-
tion in susceptible wildlife, such as feral swine, could result in widespread
dissemination of the disease throughout the country. Prevention in both
countries was and continues to be heavily reliant on federal policies re-
stricting trade in animals and animal products from FMDV-endemic coun-
tries. Despite such policies, in early 2001 the FMDV entered the United
Kingdom, most probably through an illegally imported meat product. By
the time the disease was detected several weeks later, it had spread
throughout the country and to as many as 79 premises primarily through
animal movement (Mansley et al., 2003). Disease entry through import,
either intentional or unintentional, is a similar risk for the United States,
where a very small percentage of cargo and baggage is inspected. The
USDA Safeguarding Review cites that 489 million passengers and pedes-
trians and 140 million conveyances crossed U.S. borders in 2000, and the
review predicted this number to double in 2009 (NASDARF, 2001). In ad-
dition, approximately 38,000 animals were imported daily into the United
States in 2000. The committee found that:

• FMD prevention, and disease prevention in general, through ex-
clusion of infected animals and animal products cannot be relied on as
infallible and would require a significantly more effective infrastructure
than currently exists at U.S. borders and ports of entry.

The lack of early detection following FMD virus introduction in the
United Kingdom was responsible for the widespread dissemination of
disease throughout the country and into neighboring countries (Haydon
et al., 2004). Standard methods for testing clinical material (lesion swabs,
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BOX 3-2
Foot-and-Mouth Disease Epidemic in Great Britain in 2001

On February 19, 2001, a routine inspection at an abattoir near London
revealed “highly suspicious” signs of foot-and-mouth disease in 27 pigs.
The Ministry of Agriculture confirmed the outbreak and the next day set up
a 5-mile exclusion zone around the abattoir. With increasing numbers of
FMD cases reported on cattle and sheep farms 5 days after the initial case,
the government announced plans to slaughter pigs, sheep, and cattle in
affected areas in an attempt to eliminate the disease. As the outbreak con-
tinued through the end of the month, the ban on movement of livestock
was extended. By early March, neighboring countries had begun investi-
gating their own suspected cases of FMD and enhanced precautionary
measures were initiated to prevent FMD from entering their countries. The
epidemic, however, extended beyond England to other European coun-
tries, with Scotland, Northern Ireland, France, Belgium, Denmark, Ger-
many, and the Netherlands responding with programs to destroy animals
in affected areas.

At a meeting of European ministers on March 6, a proposal was made to
extend the ban on British livestock exports until March 27. Veterinary ex-
perts recommended against mass vaccination, and the E.U. agriculture min-
isters concurred with their advice. Despite extensive efforts, the number of
new unconfirmed cases reached 1,000 by the beginning of April. On April
26, the government announced a change in policy, ending the practice of
slaughtering healthy, unaffected livestock on farms neighboring farms with
animals showing suspicious signs. By May 8, restrictions on livestock move-
ment were eased across the European Union.

The British government killed 6.5 million animals during the epidemic:
about 4 million for disease control and an additional 2.5 million for rea-
sons of animal welfare. The epidemic lasted 214 days and involved over
10,000 herds and flocks. Annual festivals and international sporting events
were cancelled due to the epidemic and tourism declined substantially.
The epidemic incurred losses to agriculture and tourism estimated to be at
least £6.3 billion.

SOURCES:  Thompson et al., 2002; Haydon et al., 2004.

fluids, blood) from suspect animals, including virus isolation in cell cul-
ture and antibody detection by serum testing, were available in the United
Kingdom and used with reportedly high accuracy. Had the government
invested years earlier in the development of accurate and rapid real-time
virus detection assays, it would have been very difficult for the govern-
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ment then to ignore the need for diagnostic testing before animals were
destroyed. Traditional FMDV control methods, targeting the killing of
animals from infected premises and epidemiologically determined dan-
gerous contact premises, were used through late March, after which time
additional control measures were introduced. These measures included
depopulation based only on suspicion of infection; destroying sheep,
goats, and pigs within 3 kilometers of infected premises in some counties;
and destroying animals on all premises contiguous to an infected premise
within 48 hours regardless of health status of the animals. The 48-hour
depopulation policy was and remains a controversial component of the
U.K. control effort, and therefore was not consistently accepted. The
policy, developed in large part based on computer model simulations of
hypothetical disease transmission, has in retrospect been credited with
the large number of noninfected animals destroyed during the 2001 epi-
demic and with the public’s negative response to the highly visible con-
trol efforts (Haydon et al., 2004). From the published lessons identified
and formal recommendations in commissioned reports (National Audit
Office, 2001; Royal Society, 2002), it can be concluded that:

• The lack of early detection allowed FMD to become widespread in
the United Kingdom.

• Outbreak planning with established, scientifically consistent poli-
cies and protocols defined prior to the outbreak or disease event are nec-
essary for effective prevention, diagnosis, and response.

FMDV in Other Countries

Unlike the United Kingdom, the Netherlands chose to respond to the
related 2001 incursion of FMDV into its herds with an emergency vaccina-
tion program (Tomasson et al., 2002; Bouma et al., 2003). The program
was successful in the Netherlands and is cited as justification for the emer-
gency use of FMDV vaccination during an outbreak, despite the after-
affects of restricted trade when all vaccinated animals are not subse-
quently destroyed (Haydon et al., 2004). The criticisms of vaccinating in
the face of an outbreak include the current lack of a validated assay or
technology that would allow for the differentiation of animals exposed to
FMD vaccine from those animals exposed to the live virus. The potential
for an exposed and vaccinated animal to become a subclinical FMD virus
carrier, capable of disease spread, is a significant concern for trade part-
ners in FMD-free countries following an FMD outbreak in vaccinating
countries. Technologies utilizing animal serum to test for their response
to portions of the replicating FMD virus, termed nonstructural protein
assays, have been developed in recent years but have not yet been evalu-
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ated or approved for use in the United States. Likewise, technologies to
produce effective vaccines that can rapidly and effectively protect an ani-
mal and also allow paired diagnostic tests to distinguish vaccinated from
exposed animals (marker vaccines and diagnostics) exist for other animal
diseases but are not yet developed or readily available for FMD control.
The lessons reported from the 2001 U.K. FMD outbreak indicate that there
is an immediate and ongoing need to provide for the development and
critical evaluation of advancing technologies for vaccines, as well as
detection and diagnostic assays for disease prevention, detection, and
control.

RECENTLY EMERGENT DISEASES IN NORTH AMERICA:
MONKEYPOX AND BOVINE SPONGIFORM ENCEPHALOPATHY

Monkeypox

Monkeypox is a rare viral disease that is found mostly in the rain forest
countries of Central and West Africa. The disease is called “monkeypox”
because it was first discovered in laboratory monkeys in 1958. Blood tests of
animals in Africa later found evidence that monkeypox is primarily an in-
fection of rodent species. The virus that causes monkeypox was recovered
from an African squirrel, which may be the natural host. Laboratory studies
showed that the virus can also infect rats, mice, and rabbits (Khodakevich
et al., 1986; Hutin et al., 2001).

In 1970, monkeypox was identified as the cause of a rash illness in hu-
mans in remote African locations (Landyl et al., 1972; CDC, 2003b). Inter-
estingly, in retrospect some monkeypox may have been misdiagnosed in
humans prior to this time as mild smallpox but was easily identified as a
separate disease after smallpox was eradicated (Ogden, 1987). In early
June 2003, monkeypox was reported among several residents in the
United States who became ill after having contact with sick companion
animal prairie dogs. (See Box 3-3 for a description of the case.) This is the
first evidence of monkeypox in the United States.

Prevention

There was no formal provision for monitoring monkeypox in these
animals by an appropriately trained health professional at the point of
origin in Ghana, at the importer, or from the importer on into the United
States. Because of the lack of records, 178 (23 percent) of the original 762
African rodents could not be traced beyond the Texas importer (CDC,
2003e). Furthermore, there were no health examinations, certificates, or
individual animal identification required for the prairie dogs exposed to
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Poor or no sales records are kept at swap meets, all of which compli-
cated efforts to trace back and trace forward animals from the original

BOX 3-3
Recent Emergence of Monkeypox in the United States

On April 9, 2003, a shipment of 762 exotic rodents originating in Accra,
Ghana, reached the United States. That shipment contained giant Gambian
pouched rats (50 animals), rope squirrels (53), brushtail porcupines (2), tree
squirrels (47), striped mice (100), and dormice (510). Accompanying these
animals to Texas was an unexpected virus that eventually found its way
into at least two other animal species in the United States (prairie dogs and
humans) and spread to at least six other states. That unexpected agent,
previously unseen in the United States, was a member of the orthopoxvirus
group known as monkeypox (CDC, 2003b). It brought a scare to a public
health and homeland security infrastructure, already in a state of height-
ened awareness for smallpox, and challenged the ability to address an
emergent health threat in the United States that did not conveniently fall
under the domain of any single federal agency.

In mid-May 2003, the first human cases of a febrile vesicular rash in the
United States were examined by physicians in Illinois and Wisconsin. By
June 10, a total of 53 cases were being investigated, 51 of which reported
contact with a companion animal prairie dog. The Marshfield Clinic in
Marshfield, Wisconsin, isolated and identified a virus from vesicular le-
sions of a human patient and from lymph nodes of the patient’s companion
animal prairie dog. That virus, when examined by electron microscopy,
resembled a poxvirus. The U.S. Centers for Disease Control and Prevention
(CDC) subsequently identified it as monkeypox (CDC, 2003b). Spread of
this poxvirus had peaked by early June, but in total over 70 cases from six
states—Illinois, Wisconsin, Indiana, Kansas, Missouri, and Ohio—were
reported over an approximately 3-month period. In Indiana, 28 children
were exposed to a companion animal prairie dog, and seven became ill
following this exposure (Langkop et al., 2003).

How did this virus make its way from exotic rodents in Ghana to a class-
room in the heartland of the United States? Did it cause clinical signs in
animals? Knowing that rodents in Africa carry monkeypox, why were these
animals allowed into the United States, or at least not tested for the virus
before entry? Who had responsibility for surveillance, identification, and re-
sponse to this foreign zoonotic agent in exotic companion animals? These
were some questions the committee asked while studying the monkeypox
outbreak.

the monkeypox, which were distributed to eight states through “swap
meets” where exotic animal aficionados gather to trade specimens.
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shipment and exposure contacts. At the time that the first human cases
were being examined, the extent of the problem in animals was not un-
derstood, nor was it known that exposure to prairie dogs (and only prai-
rie dogs) would turn out to be central to human cases. Also not known, at
that time or at present, was the susceptibility of various animal species to
monkeypox infection. Vendors of exotic companion animals often keep
an impressive variety of species, many of which could have been suscep-
tible. Once a definitive diagnosis was made, the Centers for Disease Con-
trol and Prevention (CDC) took a lead role in notifying regulatory offi-
cials of the outbreak.

On June 11, 2003, CDC and the Food and Drug Administration (FDA)
issued a joint order that announced an immediate embargo on the impor-
tation of rodents from Africa and banned any sale, offering for distribu-
tion, transport, or release into the environment of prairie dogs and six
genera of African rodents potentially involved in the spread of
monkeypox in the United States (CDC, 2003b). CDC has jurisdiction over
the importation section of the rule, while FDA has jurisdiction over move-
ment of animals between and within states. On November 4, 2003, the
joint order was replaced by an interim final rule that maintains the bans
on importation of these rodents and their sale or distribution. These ac-
tions were taken by the Department of Health and Human Services under
the authority granted in Section 361 of the Public Health Service Act (42
U.S.C. 264). Section 361 grants the Secretary of Health and Human Ser-
vices the authority to make and enforce regulations to prevent the intro-
duction, transmission, or spread of communicable disease from foreign
countries into the United States or from one state to another. States are
free, within their legal authority, to enact other regulations as long as those
regulations do not conflict with the interim final rule. Enforcement of this
rule relies on the CDC and FDA working collaboratively with other fed-
eral and state agencies. Many federal, state, and local agencies have au-
thorities related to the animals involved, including the USDA and state
departments of agriculture, which oversee the trade in these animals
within the United States; and the Bureau of Customs and Border Protec-
tion of the Department of Homeland Security and the Fish and Wildlife
Service of the Department of the Interior, which have statutory authority
for enforcing importation embargos. The interim final rule addresses
many of the issues surrounding importation and movement of exotic ro-
dents into and within the United States. However, it does not ban the
importation of all exotic animals.

The monkeypox outbreak revealed that:

• The infrastructure that exists for preventing animal disease out-
breaks is focused primarily on livestock, including poultry and farmed
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aquatic animals. There is no equivalent federal responsibility and only an
informal federal animal health infrastructure for addressing a zoonotic
disease outbreak transmitted by a nonlivestock species.

Diagnostic Laboratory Capacity

State and academic veterinary diagnostic laboratories play a central
role in diagnosing diseases such as monkeypox. As the monkeypox out-
break illustrates, the broad capabilities that exist in state and academic
veterinary diagnostic laboratories and other local animal health infrastruc-
ture are currently underutilized and underconsulted by federal agencies
and national organizations and by the public health community.

The monkeypox outbreak also points to weaknesses in the veterinary
laboratory infrastructure in the United States. Far too few biosafety level 3
(BSL-3) laboratories and ABSL-3 animal facilities exist in the state labora-
tory system, universities, and industries (AAVMC, personal communica-
tion and informal survey, 2004). Rapid assays for zoonotic agents, whether
endemic or exotic, have not been validated in animals. Assays validated
for identification of exotic or bioterrorist agents in human samples (such
as the non-variola rapid real-time polymerase chain reaction (PCR) assay
used for diagnosis of monkeypox) do not have animal species or matrix
controls. Further complicating this issue is that no federal agency has a
mandate to develop and validate these assays. USDA is fully committed
with livestock disease assay development and validation, and CDC is fo-
cused on development of additional assays for the broad array of high
consequence pathogens affecting humans. The diagnosis of overlap agents
in animals has fallen through the cracks. Good laboratory practice in-
cludes training and proficiency testing of laboratory staff in use of equip-
ment and specific protocols, but neither the Laboratory Response Net-
work for bioterrorism nor the National Animal Health Laboratory
Network currently has responsibility for ensuring that these tenets of a
quality system are in place in veterinary diagnostic laboratories. In sum-
mary, the monkeypox outbreak revealed significant gaps in prevention,
problems with responsibilities, and coordination of response and in labo-
ratory capacity, especially concerning delays in the development and vali-
dation of diagnostic assays.

Bovine Spongiform Encephalopathy

The diagnosis of bovine spongiform encephalopathy (BSE) in Canada
and the United States in 2003 (see Box 3-4) and in 2005 carried with it a
message that North America was not immune to the socioeconomic ef-
fects of what is commonly known as mad cow disease. Disruptions in the
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supply of meat can shake consumer confidence, resulting in reduced de-
mand, and can significantly disrupt trade of meat and meat products for a
prolonged period. Establishing countrywide disease-free status once a
case is diagnosed can be extremely difficult. According to a panel of ex-
perts from the European Association for Animal Production, the estimated
total cost of BSE in Europe is €92 billion, nearly $115 billion dollars (EAAP,
2003). It had been estimated that a single case of BSE in either Canada or
the United States would cost their respective beef industries $3.3 billion
CAD and $6 billion USD, respectively (CBC News, 2003; Presley, 2004).

The onset of BSE in Great Britain led the United States to carry out an
extensive analysis and forge policies based on risk factors associated with
the disease, even though the disease was not present; this marked a sig-
nificant departure from the past (USDA APHIS-VS, 1991). Trade in ani-
mal feed has been extensive in North America. Rendered by-products

BOX 3-4
Single Case of Bovine Spongiform Encephalopathy (BSE) in

Washington State: An Unexpected Opportunity for Insight into
Our Framework for Preventing, Detecting, and Diagnosing

Animal Diseases

On the morning of December 25, 2003, the BSE World Reference Labo-
ratory in Weybridge, England, confirmed USDA’s December 23 prelimi-
nary diagnosis of BSE in a single nonambulatory dairy cow that had been
slaughtered on December 9 at Vern’s Moses Lake Meats in Washington
State. USDA and Canadian officials worked together to confirm the identi-
fication of this cow through DNA testing and to establish that the animal
was imported from Canada.

BSE (or “mad cow” disease) is a neurodegenerative disease transmitted
to cattle through contaminated feed. It has an incubation period of 4–6
years. It is caused by an aberrant form of a protein called a prion and is in
the family of diseases—all caused by prions—referred to as transmissible
spongiform encephalopathies, or TSEs. The prion is an abnormally folded
version of a normal cellular protein. The abnormal conformation results in
a phenotype that is highly resistant to degradation and can persist in an
infectious form during the rendering of contaminated bovine by-products
for animal feeds, and the preparation of other products such as cosmetics
and drugs using ingredients derived from cattle.

Unlike other agents (such as FMD virus), the prion is not contagious.
Although it is considered “infectious,” it is not spread directly from one
animal to another. It carries a low risk of spreading to animals in the United
States (Harvard risk assessment). The overall public health risk of develop-
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from the United Kingdom were freely imported into North America prior
to an understanding of the potential of these products to transmit BSE. In
addition, U.S. and Canadian restrictions that ban feeding of ruminant by-
products to other ruminants were not implemented until 1997, and even
then compliance, at least in the United States, may not have been optimal.
Thus, the advanced age (61⁄2 years) of the BSE-infected animal in the
United States placed her, and her birth cohorts, at risk of exposure to BSE-
contaminated ruminant by-products as a calf.

The BSE prion (PrPres) concentrates almost exclusively in nervous
tissue in cattle and is found in highest concentrations in the brain, eye-
balls, spinal cord, and dorsal root ganglia. In younger animals, the distal
ileum, or last segment of the small intestine, can also harbor PrPres. This
is the basis for concentrating on control of these so-called specified risk
materials (SRMs). Appropriate quality control can ensure that these mate-

ing variant Creutzfeldt-Jakob disease (vCJD, the human variant of the dis-
ease, which is acquired through consumption of prion-contaminated meats)
from a few cases in the bovine population or through blood transfusion is
extremely, almost infinitesimally small.

At present, immunohistochemistry and immunoblot are widely consid-
ered in the international community the two gold standards to test for BSE.

The key to prevention is to ensure that high-risk materials from cattle are
not incorporated into the feed supply. Enforcement is critical to the success
of this approach. When enforcement cannot be guaranteed, a complete
ban on feeding of ruminant by-products may be necessary.

In this case, the USDA Food Safety and Inspection Service recalled over
10,000 pounds of meat to prevent human food contamination. The recall
involved by-products from 20 BSE-infected cattle, including 2,000 tons of
potentially infectious feed, which had already been processed and exported
to foreign ports. Over 700 animals were slaughtered during the traceback
and traceforward investigation, while the U.S. beef industry continued to
see a loss of export markets.

Lessons identified from the BSE experience included the following:

• The U.S. animal health community realized that BSE can no longer
be considered a problem only for other nations.

• In contrast to traceback required for a highly contagious diseases like
FMD and classical swine fever, comprehensive tracing required for a dis-
ease like BSE, with such a prolonged incubation period and likely exposure
as a young calf, was nearly impossible within the current U.S. system of
animal tracking and identification.
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rials are not used for ruminant feed or human food. An added level of
assurance can be provided by a complete ban on feeding of ruminant
products back to ruminants, while complete assurance can only be pro-
vided by a complete ban on the use of ruminant by-products. In examin-
ing the 2003 BSE case, the committee concluded the following:

• The key to preventing an accidental introduction of BSE into the
United States, as well as preventing subsequent transmission to other ani-
mals and humans, is recognition of the sources of infection and means of
spread. Control of import, production, and distribution of ruminant by-
products for feed, food, drugs, and cosmetics is essential.

• A risk-based approach is best used to determine what level of con-
trol should be implemented. The World Animal Health Organization pro-
vides a model for risk analysis.

In the United States, several additional control steps were taken fol-
lowing the discovery of the BSE-infected animal in December 2003. They
included prohibition of all nonambulatory, or “downer,” cattle and SRMs
(skull, brain, trigeminal ganglia, eyes, vertebral column, spinal cord, and
dorsal root ganglia of cattle over 30 months of age and a portion of the
small intestine of cattle of all ages) from the human food chain; prohibi-
tion of a meat label for dorsal root ganglia that might be present in prod-
ucts obtained through advanced meat recovery processes; prohibition of
air injection stunning of cattle at slaughter; prohibition of mechanically
separated meat in human food; holding product from BSE-tested animals
until a final diagnosis has been made; and immediate implementation of a
national animal identification system. These new rules were published in
the Federal Register on January 12, 2004.

BSE does not generate a typical host immune response. To date there
has been no demonstration of antibodies generated to the abnormal prion
variant in any affected species. Thus, traditional methods of infectious
disease control by vaccination hold little if any promise for BSE. Perhaps
it is possible to stop infection of cattle by means other than preventing
exposure. To address this possibility, further research on the process of
uptake and dissemination of the abnormal prion and conversion of nor-
mal prion to the abnormal variant is necessary. With a better understand-
ing of the pathogenesis of these unique agents may come novel methods
of prevention through blocking of transmission or disease progression,
which leads to the following conclusion:

• Early detection of BSE relies on recognition of clinical signs and
testing of the appropriate, high-risk population of animals.
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While a thorough discussion of surveillance is not within the scope of
this report, the committee recognizes that surveillance of high-risk ani-
mals (nonambulatory, with or without central nervous system signs) pro-
vides the highest sensitivity of early detection of BSE. The surveillance
program implemented by the United States in June 2004 is designed to
detect a level of BSE as low as five cases in the U.S. high-risk group.

At the time of publication of this report, a second BSE case had just
been confirmed in the United States. A downer cow initially tested “in-
conclusive” for BSE via enzyme-linked immunosorbent assay (ELISA)
rapid screening and immunohistochemical (IHC) tests in November 2004,
but a later immunoblot (Western blot) test resulted in a “weak positive.”
The sample was retested in June 2005 at the world reference laboratory
for BSE in Weybridge, England, and was confirmed positive using a com-
bination of rapid, Western blot, and IHC tests (USDA, 2005). This case
raises questions about the type and accuracy of diagnostic tests used by
USDA to confirm an initial reactor in the ELISA assay.

Diagnosis of BSE relies on the use of ELISA assays, Western blots, or
IHC tests. Each of these assays requires sampling of brain from dead ani-
mals and demonstrates through antibody binding the presence of the ab-
normal prion, PrPres. All of the currently approved assays have excellent
sensitivity in older animals (30 months and older). However, in younger
animals, the prion is either not present or is present at such low levels in
the target tissues that it cannot be detected. The decision on which assay
is used depends upon test purpose and the fitness of each assay for that
purpose. High throughput formats are most commonly used for surveil-
lance purposes to facilitate testing of large numbers of animals. Immuno-
histochemistry, in which the presence of the abnormal prion is visualized
under the microscope in a section of brain by a trained pathologist, and
Western blots, in which the abnormal prion in the brain can be visualized
and its approximate molecular weight determined after separation from
other proteins in the brain based on its size and resistance to enzymes, are
widely considered gold standard tests. Immunohistochemistry, however,
cannot be used for high throughput testing, in which rapid turnaround is
required, as results typically are not available for 2–4 days, leading to this
lesson learned:

• There is no available method for diagnosing BSE in young calves,
when infection first occurs, or in live animals.

At the time of this writing, additional tests were in the process of
approval in the United States. Most of these assays have been used exten-
sively in Europe, but the USDA had not comprehensively adopted these
assays before the 2003 occurrence of BSE in North America. However, a
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gap in all testing procedures is the reliance on a sample of brain taken
from an older, dead animal. Since infection of cattle occurs in young
calves, the ability to sensitively detect young infected calves using a
sample from a live animal would be a significant advance. Current re-
search on diagnostics focuses on the development of a sensitive live ani-
mal test. Unfortunately, this is a challenge in BSE, since experimental
data suggest that the abnormal BSE prion is either not present or is rarely
and inconsistently present in blood and lymphoid tissue, unlike scrapie
which is present in both blood and lymphoid tissue or chronic wasting
disease (CWD), which is consistently present in lymphoid tissue (Hunter
et al., 2002; Hibler et al., 2003). For this reason, current research focuses
on finding surrogate markers of BSE infection by understanding the host
response that leads to conversion of the normal prion to the abnormal
variant.

PREVIOUSLY UNKNOWN AGENTS

Severe Acute Respiratory Syndrome (SARS) Coronavirus

Severe acute respiratory syndrome (SARS) is a viral respiratory ill-
ness caused by the SARS coronavirus (SARS CoV). SARS was first re-
ported in Asia in February 2003. Over the next few months, the illness
spread to more than two dozen countries in North America, South
America, Europe, and Asia before the SARS global outbreak was con-
tained. (See Box 3-5 for a description of the outbreak.) According to the
World Health Organization (WHO), a total of 8,098 people worldwide
became sick with SARS during the 2003 outbreak. Of these, 774 died. In
the United States, only eight people had laboratory evidence of SARS-
CoV infection. However, in addition to the direct health costs of treating
those people and testing others, as with FMDV and other exotic dis-
eases, SARS had devastating effects on both global travel and trade, and
its social and economic global impacts were disproportionate to the
number of actual fatalities. Due to concern about spread of the disease,
there were increased medical facility costs to prevent the spread of the
highly contagious disease, altered travel plans (both business and plea-
sure), and additional precautions taken in airline travel. The infection of
large numbers of health care workers, coupled with exhausting demands
on the remaining staff, created additional burdens for the severely
stressed health care systems. Economists have estimated the global eco-
nomic loss from SARS at close to $40 billion in 2003 (Lee and McKibbin,
2004).
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International Collaboration, Coordination, and Outreach

Lacking the research and investigative capacity to control the SARS
epidemic, WHO elicited public health service partners from countries such
as the United States, the United Kingdom, Germany, and France. WHO’s
international Global Alert and Response Network (GOARN) is a virtual
network of 11 leading, well-equipped, and high biosecurity infectious dis-
ease labs in nine countries established primarily to address influenza out-
breaks. GOARN was instrumental in spearheading laboratory efforts: these
labs were connected by secure web sites and daily teleconferences to iden-
tify the causative agent of SARS, develop diagnostic tests, and collect and
analyze clinical and epidemiological data on SARS. The U.S. CDC estab-
lished other virtual teams in the United States, eliciting advice from medi-
cal experts, epidemiologists, and virologists, including both biomedical and
veterinary coronavirus experts. Highly trained personnel from the CDC
were dispatched to outbreak areas to assist in infection control, and numer-
ous CDC employees were involved in all aspects of the response to SARS.
To educate the public by countering rumors with reliable information, both
WHO and the CDC provided factual information on SARS through up-
dated web sites, satellite broadcasts, frequent presentations to the news
media, and public response hotlines for clinicians and the general public.

These exceptional international laboratory efforts led to the rapid
identification of a new coronavirus as the causative agent of SARS by
April 16, 2003, only about 1 month after the initial WHO global alert
(Drosten et al., 2003; Ksiazek et al., 2003; Peiris et al., 2003; Poutanen et al.,
2003). Although vaccines or antivirals to prevent or control SARS infec-
tions were lacking, the SARS epidemic was countered by classical infec-
tion control and containment methods. These included screening of indi-
viduals for symptoms (fevers) with isolation, quarantine, and effective
clinical management of symptomatic patients, followed by contact trac-
ing and 10-day quarantine of known contacts. Implementation of effec-
tive surveillance measures, identification of the causative agent of SARS
as a coronavirus, and containment of the SARS epidemic were attributed
to this unparalleled level of global cooperation. Two features of the global
SARS outbreaks include the following:

• SARS had devastating social and economic global impacts dispro-
portionate to the number of actual fatalities and affecting both global
travel and trade.

• International collaboration and communication among agencies
and with scientists in established laboratory networks with prior working
relationships and access to state-of-the-art equipment and the required
biosecurity level were key elements for rapid and successful SARS diag-
nosis and control.
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BOX 3-5
The 2003 SARS Outbreak

Atypical pneumonia cases, later characterized as SARS, first occurred in the
Guangdong Province of China in mid-November 2002. Early data suggested a
possible zoonosis, with the earliest SARS cases detected among workers deal-
ing with exotic food animals. In subsequent studies, SARS-like coronaviruses
were detected or isolated from two wild animal species in live animal markets,
the masked palm civets (Paguma larvata) and raccoon dogs (Nyctereutes
procyonoides), although the natural animal reservoir remains uncertain. Fur-
ther studies have documented that nonhuman primates, ferrets, domestic cats,
mice, and hamsters are also susceptible to experimental SARS coronavirus
(Fouchier et al., 2003; Guan et al., 2003; Martina et al., 2003; Glass et al.,
2004; McAuliffe et al., 2004; Roberts et al., 2005); pigs in China were naturally
infected with a human-like SARS strain lacking the 29-nt insertion (Chen et al.,
2005). Conversely, civets are susceptible to infection and disease with at least
two human strains of SARS CoVs: one early human isolate (GZ01) with the 29-
nt insertion like the civet strains, and one later human strain (BJ01) without the
29-nt insertion (Wu et al., 2005). Similar exotic animal markets also provided
a breeding ground for recent influenza outbreaks in Hong Kong. The unsani-
tary conditions in live animal markets in China (and elsewhere) foster an envi-
ronment conducive to the emergence of new zoonotic and animal diseases
and likely played a role in SARS transmission from animals to humans (Peiris et
al., 2004; Xu et al., 2004).

Global spread of the SARS epidemic was triggered on February 21, 2003,
by a superspreading event in the Metropole Hotel in Hong Kong by an in-
fected physician from Zhongshan University in China. Within 24 hours, he
infected others at the hotel, who then carried SARS to Singapore, Vietnam,
Canada, Ireland, and the United States, besides elsewhere in Hong Kong.
Based on WHO estimates, this superspreader initiated a chain of infection
involving nearly half of the 8,000 cases in more than 30 countries. On March
12, 2003, the World Health Organization (WHO) issued a global alert de-
scribing atypical pneumonia cases (severe acute respiratory syndrome or
SARS) in Hong Kong and Vietnam and initiated worldwide surveillance. In
an unprecedented move on March 15, WHO issued a travel advisory regard-
ing high-risk areas where SARS outbreaks had been detected. The agency
continued to issue travel advisories and advise airline passenger screening
from high-risk areas through mid-April 2003.
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From mid-March to April 2003, a second major outbreak of SARS oc-
curred in another location in Hong Kong, the Amoy Gardens Apartments,
with 321 people ultimately infected (Chim et al., 2003). This outbreak was
more severe clinically, with more diarrhea cases (73 percent), higher inten-
sive care unit admissions (32 percent), and higher mortality rates (13 percent)
than in the Metropole Hotel outbreak. Environmental factors (in a faulty sew-
age system) were postulated to have contributed to the virus spread in the
Amoy Gardens via aerosolized fecal material.

SARS did not spare developed countries, even ones with modern public
health systems and significant resources. Canada had an outbreak of SARS
on February 23, 2003, imported from Hong Kong. A second outbreak fol-
lowed in mid-May 2003 after a lapse in infection control. Also because of a
delayed initial response, SARS was not controlled in China until late June
2003. By that time, over 5,000 cases had been reported. On July 5, 2003,
after control of a Taiwan outbreak, WHO reported that the global SARS
epidemic had been contained. However on September 8, 2003, a single
case of SARS was reported in Singapore (confirmed by the CDC). This indi-
vidual likely became infected via laboratory-acquired exposure to SARS
coronavirus, illustrating the need for strict adherence to laboratory safety
procedures required for work with BSL-3 level pathogens. The widespread
distribution of SARS coronavirus samples in international labs highlights the
need for vigilance in the inventory of these virus stocks. Also, adequate labo-
ratory supervision and facilities are required to avoid future laboratory ac-
quired infections as a possible source of new SARS outbreaks.

In December 2003–January 2004, several new SARS cases reemerged in
Guangdong Province, China (Normile, 2004). For at least one case, no risk
factor was identified such as a link to civets. Other postulated reservoirs
including rats and cats were tested, but no final conclusions were drawn
concerning the origin of this reemergent case. However, sequence data sug-
gested that the reemerged SARS coronavirus strains were more like the civet
isolates (Normile, 2004), and China ordered the destruction of large num-
bers of civets in its wildlife markets (Watts, 2004). Recent data based on
serology suggest that some SARS antibody seropositives occurred in Hong
Kong in 2001 before the documented SARS outbreaks, suggesting that low
numbers of subclinical SARS infections likely occur (Zheng et al., 2004).
Thus both animal reservoirs and subclinically infected humans remain po-
tential sources for the reemergence of SARS.
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Links between Veterinary Research and Public Health

The veterinary coronavirus (CoV) research community provided im-
portant resources and an extensive background perspective on
coronavirus biology, contributing to an improved understanding of SARS
evolution and infections. From the isolation of genetically similar CoV
from civets and raccoon dogs in live animal markets in China, scientists
postulate that SARS evolved from a wild animal host (Guan et al., 2003).
Many of the earliest SARS cases and SARS antibody detections occurred
among workers who had contact with exotic food animals in Guangdong
animal markets (Guan et al., 2003; Xu et al., 2004). The unsanitary and
crowded conditions, with multiple species in close contact in live animal
markets in China (and elsewhere), fosters an environment conducive to
the emergence of new zoonotic and animal diseases and likely played a
role in the putative transmission of SARS from animals to humans. The
published evidence and epidemiological data suggest that SARS was a
probable zoonosis (Guan et al., 2003; Peiris et al., 2004; Xu et al., 2004; Wu
et al., 2005). These markets also provided a breeding ground for the 1997
avian influenza outbreaks in humans in Hong Kong (Hampton, 2004).
Prior studies of animal CoVs have shown that interspecies transmission
of CoVs is not unprecedented (Tsunemitsu et al., 1995; Ismail et al., 2001).
However, the determinants of CoV host-range specificity and the poten-
tial of wildlife as reservoirs for emergence of other CoV strains of poten-
tial threat to public or animal health are unknown.

In addition, respiratory and enteric CoV infections in the natural ani-
mal host (swine, cattle, poultry) have provided important information on
CoV disease pathogenesis and possible potentiators for increased disease
severity applicable to SARS CoV infections. Enteric CoV infections alone
frequently cause fatal infections in young animals. However in adults,
respiratory CoV infections are more severe or often fatal when they are
combined with other factors including stress and transport of animals
(shipping fever of cattle), high exposure doses, aerosols, treatment with
corticosteroids, and other respiratory co-infections (viruses, bacteria, bac-
terial lipopolysaccharides) (Saif, 2004). Such variables may influence the
severity of SARS or contribute to the phenomena of superspreaders.

Thus coronaviruses, largely ignored by the biomedical research com-
munity and public health funding agencies because of low-impact human
infections, are a recognized and significant cause of potentially fatal respi-
ratory and intestinal infections in animals. This knowledge base of animal
coronavirus pathogenesis, vaccines, and basic studies of coronavirus rep-
lication strategies and development of infectious clones contributed to
rapid progress in characterization of SARS coronavirus and is critical for
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future SARS vaccine and antiviral strategies. Lessons of the global SARS
outbreaks include the following:

• Wild animals transported from their native habitat or forms and
introduced into live animal markets may harbor unknown disease agents
such as SARS that are transmissible to humans.

• Veterinary science research contributed to the understanding of
SARS CoV pathogenesis, particularly its potential for interspecies trans-
mission and fatal disease, which had significant implications for public
health.

• There is a need for greater collaboration between the animal health
and medical research communities in studying the pathogenesis of previ-
ously unknown and likely zoonotic agents such as SARS. In the case of
SARS, research ties and interagency funding and cooperation are lacking
to promote collaborative infectious and zoonotic disease research between
biomedical and veterinary scientists and to provide trained biomedical
and veterinary public health personnel. Furthermore, funds are lacking to
study disease pathogenesis in the appropriate animal host and to investi-
gate zoonotic diseases including identifying animal reservoirs and the
mechanisms and chain of interspecies transmission.

Diagnostic Techniques

Classical virological techniques (such as electron microscopy [EM],
cell culture, and immunofluorescence), as well as new molecular ap-
proaches (microarray) were essential for identification of the previously
unrecognized SARS coronavirus. Many diagnostic labs are phasing out
EM and/or cell culture facilities because of costs or lack of trained person-
nel and putting more emphasis on molecular techniques. However, most
current molecular approaches (RT-PCR with specific primers) or serology
are designed to detect known, but not unknown or new, pathogens. In
addition, the focus of public health agencies (CDC, WHO) is on develop-
ment and validation of diagnostic tests for SARS applicable to humans.
These tests, especially antibody assays, lack validation for use in various
animal species or lack animal coronavirus controls, creating difficulties
for assay development and interpretation of results from testing wild or
domestic animals. Little funding is available from federal agencies to
stimulate development of new or improved diagnostic assays for humans
and animals, including ones targeted to identification of microbial nucleic
acid signatures, or to study the relationships of pathogens common to
animals and humans or their disease mechanisms or persistence in the
animal host. Development and availability of standardized validated test
protocols, reagents, and controls is essential for reliable diagnostic tests to
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monitor SARS cases in the early stages of infection. Accurate tests also
require reagents and testing of both human and animal CoV strains as
controls to eliminate confounding cross-reactivities and to identify the
animal reservoir for SARS.

ENDEMIC DISEASES: AVIAN INFLUENZA, CHRONIC WASTING
DISEASE, AND WEST NILE VIRUS

A large array of indigenous diseases could serve as case studies in the
category of endemic disease. The committee selected three diseases, in-
cluding avian influenza (AI), which it chose for four reasons: (1) it has
been a recurring disease problem that has caused significant economic
loss to the poultry industry in the United States; (2) strains of the influ-
enza virus that could cause a human pandemic can emerge; (3) it occurs in
many countries; and (4) strains are harbored in migratory waterfowl. The
committee looked at chronic wasting disease (CWD) to illustrate the
potential of wildlife disease to decimate wildlife populations, the danger
of translocation of animals in spreading diseases, and public concern about
transmissible spongiform encephalopathies (TSEs). CWD was selected as an
example of a serious disease that is, at this point, exclusively a problem of
wildlife and game farms, specifically elk and deer (cervids) in North
America. Diseases of wildlife are a concern, not only because wild animal
populations can be depleted by diseases (with potential ramifications for
biodiversity and ecological integrity), but also because wild animals can
be reservoirs of indigenous and exotic infectious diseases of domestic ani-
mals and reservoirs of human zoonoses. Game animals can be a source of
infectious disease agents into the human food chain. The third disease
selected for analysis, West Nile virus (WNV), is an example of a disease
that will likely persist in North American wildlife and remain a constant
threat to domestic animals and people. All of these diseases illustrate the
consequences of increasing biological connectedness in today’s world. At
one time these agents may have been considered as newly emergent, but
they have now become firmly established in North America and for the
purposes of this report are considered endemic.

Avian Influenza

Of the diseases examined in this chapter, AI (also called “bird-flu”)
could arguably be the most representative for evaluating comprehensive-
ness of the animal health infrastructure. The virus has the potential to
impact public health, production animals (e.g., poultry and swine indus-
tries), and wildlife (e.g., waterfowl and migratory birds). It is on the list of
potential biothreat agents, and the CDC and state departments of public
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health address it annually in their Pandemic Disease Plans. Enhanced gov-
ernment awareness of biological threats and the associated “culture of
fear” following the September 11, 2001, attacks and the terrorist anthrax
letters is still very apparent in the public media, yet the most probable
and real threat, that of a pandemic due to influenza virus, has received
relatively little attention beyond the scientific community. Since the 1997
H5N1 avian influenza virus adapted to humans, the academic and public
health communities have warned of the potential for an influenza pan-
demic, a global outbreak that could mimic the 1918 Spanish flu outbreak.
The 1918 Spanish flu caused the single deadliest epidemic in history, kill-
ing between 20 and 50 million people in just half a year (IOM, 2003, 2005).
In 2004, a virulent strain of H5N1 avian influenza virus spread through
numerous Asian countries. The virus jumped species 6 months into the
outbreak, making humans susceptible to infection (CDC, 2004c). By Janu-
ary 2005, the situation in Southeast Asia had worsened as the H5N1 virus
continued to spread into the human and bird populations. As of January
2005, the H5N1 avian influenza virus killed 34 of 47 infected humans and
resulted in the death and depopulation of over 100 million birds, prima-
rily commercial poultry, as well as uncounted numbers of wild birds.
More significantly, in September 2004, AI apparently spread not from a
bird to a human, but directly from an infected child to her mother
(Ungchusak et al., 2005). The demonstrated ability of the virus to spread
from one human to another makes the possibility of a pandemic a signifi-
cant threat.

Influenza prevention measures for susceptible animals, primarily
swine and poultry, rely on vaccination, quarantine, and depopulation.
These measures failed to contain the 2004 spread of Asian H5N1 influ-
enza. In the public health domain, an October 2004 announcement that 48
million of the expected 250 million global doses of influenza vaccine
would not be available due to closure of a vaccine producer’s facility
clearly amplifies the threat of unchecked spread should the virus estab-
lish itself in humans (HHS, 2004).

Nature of the Pathogen

Avian influenza viruses are endemic in wild bird and migratory wa-
terfowl populations and can be transmitted to domestic poultry. Table 3-
2 provides a summary of key events linked to the identification and spread
of the disease. Some influenza subtypes are also capable of infecting mam-
malian species, in particular swine and humans. The pathogenicity of
these viruses (of which there are 15 known subtypes identified as H1–
H15) can be classified as low to high, dependent on the severity of disease
caused. Of the 15 avian influenza virus subtypes, H5N1 is of particular
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TABLE 3-2 Timeline of Key Influenza Events

1878 • Fowl plague (FP) was described as a serious disease in chickens in
Italy.

1918 • Spanish flu (influenza A) pandemic claimed 20 to 50 million lives
worldwide in less than a year and ranks among the worst disasters
in human history. In the United States alone, an estimated 1 in 4
people became ill and 675,000 people died (Crosby, 1989). Recent
studies now suggest this historic pandemic was associated with
interspecies transmission of an avian influenza virus (Hampton,
2004; Stevens et al., 2004).

1955 • Fowl plague virus was determined to be one of the influenza viruses.

1984-1985 • Outbreak of avian influenza virus H5N2 in poultry in the Northeast
United States. It initially caused low mortality, but within 6 months
had mutated to a highly pathogenic virus causing nearly 90 percent
mortality. The outbreak cost over $65 million and resulted in the
destruction of 17 million birds.

1992 • An avian influenza virus H5N2, identified as “low pathogenecity” in
Mexico, mutated to a highly pathogenic form and continued to
spread until 1995. In 1999, an Italian H7N1 virus had a similar
pattern of mutation over a 9-month period and was not controlled
until 2001. The 2001 Italian losses are estimated at 13 million birds.

1997 • The first documented AI infection of humans occurred in Hong Kong
when the H5N1 strain caused severe respiratory disease in 18
humans, of whom 6 died. Extensive investigation determined that
close contact with live infected poultry was the source of the human
infection. Studies at the genetic level further determined that the
virus had jumped directly from birds to humans but had only very
limited human-to-human spread.

concern because it mutates rapidly and has a documented propensity to
acquire genes from viruses infecting other animal species (WHO, 2004).
The majority of avian influenza viruses have low pathogenicity, typically
causing little or no clinical disease in infected birds, particularly migra-
tory waterfowl, which serve as a reservoir of the virus. The highly patho-
genic strains may be associated with mortality close to 100 percent
(Easterday et al., 1997; WHO, 2004). The highly pathogenic influenza vi-
rus subtypes can cause significant economic losses to poultry, impinge on
international trade, and, if transmitted to humans, pose public health risks
with the potential to initiate deadly human influenza pandemics. The vi-
rus is additionally considered a potential biothreat agent based on its abil-
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2003 • A 57-year-old veterinarian who visited a poultry farm affected by the
H7N7 strain died on April 17, 2003, of acute respiratory distress
syndrome in the Netherlands. H7N7 influenza virus was isolated
from the patient. No other respiratory pathogen was detected in a
series of laboratory tests (WHO, 2003).

• West Virginia initiated preemptive disease eradication efforts in
cooperation with the USDA after observing mutation of a circulating
low pathogenecity H7N2 virus toward high pathogenecity. Texas
initiated similar control efforts directed at low pathogenic avian
influenza a few years earlier.

2004 • In early 2004, a similar situation played out in the Northeast United
States associated with a rapidly spreading, low pathogenecity H7N2
influenza variant. More than 400,000 chickens in two states were
destroyed, and additional farms quarantined following detection of
the H7N2 influenza virus. International trade restrictions were also
imposed on the United States within days of the first cases being
reported.

• In Canada, at least 17 million poultry died or were destroyed to
contain the spread of Canada’s first reported detection of highly
pathogenic influenza, an H7N3 virus, which also occurred as a low
pathogenic form of the virus on the same farm.

• In Texas, 8,900 chickens were destroyed following detection of a
highly pathogenic variant of H5N2, which was the first detection of a
highly pathogenic strain since 1984 in the United States.

• Thijs Kuiken and colleagues at the Erasmus Medical Centre in the
Netherlands found that cats could become infected and spread the
avian influenza virus H5N1 (Kuiken et al., 2004).

• Beginning in January 2004 and continuing into 2005, an outbreak of
highly pathogenic H5N1 avian influenza spread through 11
Southeast Asian countries, affecting millions of birds, including
multiple avian species. By January 2005, the outbreak had resulted in
the deaths of 34 of 47 people infected in two different countries
(WHO, 2005).

ity to spread easily and rapidly as a respiratory infection in both animal
and human populations. Influenza virus outbreaks can directly involve
federal, state, and local agencies as diverse as those that deal with home-
land security, public health, agriculture, interior, commerce and trade,
natural resources, and environmental quality.

Interspecies Transmission (Particularly to Humans)

In 1997, the first documented case of avian influenza transmission to
humans occurred in Hong Kong, affecting 18 people, killing 6, and result-
ing in the destruction of 1.5 million birds in efforts to eliminate the variant
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virus. Since 1997 several instances of bird-to-human transmission have
occurred, and recent studies suggest that the historic Spanish flu pan-
demic of 1918 was associated with interspecies transmission of an avian
influenza virus (Hampton, 2004). In 1999 (Hong Kong and China H9N2),
2003 (Hong Kong H5N1, Netherlands H7N7, Hong Kong H9N2), and 2004
(Viet Nam and Thailand H5N1), avian influenza was transmitted from
birds to humans, in some cases resulting in death of infected individuals.
In the recent bird-to-human scenarios, little transmission of the avian in-
fluenza virus from human to human was detected. However, public heath
officials fear the possibility of a human influenza virus and an avian influ-
enza virus infecting the same individual and “reassorting” or trading
genes, to produce a highly lethal virus capable of rapidly spreading in the
human population.

Cause for Concern—Possibility for Human-to-Human Transmission
and Mutations of Low-Pathogenic Viruses

Should an avian influenza virus unfamiliar to the human population
gain the ability for human-to-human transmission, the predicted outcome
is a pandemic with serious disease and death globally. In the three influ-
enza pandemics that occurred during the past 100 years, all spread world-
wide within 1 year, causing significant social and economic disruption.
(The 1918 Spanish flu resulted in nearly 675,000 deaths in the United
States, the 1957 Asian flu caused 70,000 deaths, and the 1968 Hong Kong
flu caused 34,000 deaths.) Once established in the human population, in-
fluenza viruses tend to persist and significantly affect human health for
years. The CDC and WHO continuously monitor and react to influenza
viruses, with the primary goal to watch spread and determine vaccine
strains, but also with the goal of preventing or controlling the emergence
of a new and potentially pandemic influenza virus.

As the 1984–1985, 1992, and 2001 outbreaks in poultry illustrate, in-
fluenza viruses of low pathogenicity have the capacity to mutate into
highly pathogenic strains, sometimes after very short periods of circula-
tion in poultry populations. Aggressive surveillance, detection, and dis-
ease control, generally including total depopulation of poultry in the area,
are considered critical to minimize transmission, control economic losses,
and eliminate the public health risks associated with human exposure to
highly pathogenic avian influenza viruses. As Table 3-2 indicates, indi-
vidual states have initiated preemptive disease eradication efforts in co-
operation with USDA APHIS and their poultry industries after observing
mutation of a circulating low pathogenecity H7N2 virus toward high
pathogenecity. Though effective, the low pathogenecity influenza eradi-
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cation programs were initially hindered by lack of defined USDA regula-
tory authority for endemic diseases and absence of an established indem-
nity program for the depopulated birds.

In February 2004, prompted by the H5 avian influenza outbreaks in
Southeast Asia, HHS and USDA officials cooperatively announced a ban
on importation of birds from eight Asian countries. Globally, public health
as well as animal health agencies have closely followed the appearance
and movement in 2004 of H5 avian influenza viruses in poultry and are
particularly concerned about its rapid spread through Asia, where accep-
tance or compliance with slaughter-based control efforts is considered not
economically feasible or socially acceptable. The millions of affected birds,
commingling of different avian and mammalian species, difficulty in pro-
tecting poultry workers from respiratory exposure, and the recognition of
bird-to-human transmission have placed the global community on high
alert for the potential evolution of a pandemic influenza virus. The com-
mittee drew the following conclusions regarding AI:

• Gaps in scientific knowledge, focused and applied research, un-
derstanding of disease risks, and lack of access to validated rapid detec-
tion methodologies have complicated and jeopardized effective and
timely responses to AI.

• Lack of a standardized reporting mechanism among animal health
agencies has delayed laboratory findings and epidemiological investiga-
tions.

• Though clearly defined for highly pathogenic avian influenza, the
regulatory lines of authority are not defined for endemic (low
pathogenecity) avian influenza, hindering the nation’s ability to prevent a
potentially devastating disease situation.

Chronic Wasting Disease

As a prion-associated transmissible spongiform encephalopathy
(TSE), CWD belongs to a group of diseases that merit careful study and
monitoring (NRC, 2004a). Over a relatively short time span, CWD has
become a major problem in some U.S. western and midwestern states,
affecting both farmed and wild cervids, thus impacting the markets for
farmed cervids and cervid products and for wildlife-related recreation
and aesthetics. While there is no conclusive evidence to date that a CWD
prion has caused naturally occurring disease in domestic animals or
people, research needs to continue to determine whether this disease is a
threat to other than cervid species (Belay et al., 2004).
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Occurrence and Transmission

CWD was first identified as a disease syndrome in 1967 in a mule
deer in a research facility in Colorado that had been populated by wild
deer captured in that state (Williams and Young, 1980). It is likely the
disease existed in nature but went unrecognized. About 10 years later
CWD was determined to be a TSE (Williams and Young, 1980; Williams
et al., 2002; Belay et al., 2004).

CWD occurs in free-ranging native elk, mule deer, and white-tailed
deer and was first reported in northeast Colorado and southeast Wyo-
ming in the 1980s. Its prevalence in this area over the period 1996–1999
was found to be about 5 percent in mule deer, 2 percent in white-tailed
deer, and less than 1 percent in elk (Miller et al., 2000). Since 2002, the
wider application of testing of hunter-killed or other animals has uncov-
ered endemic loci of infected animals in western Colorado, Nebraska,
New Mexico, South Dakota, Utah, Wyoming, Wisconsin, Illinois, and New
York, and in Saskatchewan, Canada. The prevalence of CWD in endemic
areas has been estimated to be less than 1 percent for elk and to vary from
less than 1 percent to 15 percent for mule deer (Williams et al., 2002).

CWD has been a major problem for the cervid farming industry. The
first diagnosis on an elk farm occurred in South Dakota in 1997 and
marked the beginning of more widespread testing (USDA APHIS-VS,
2005). Subsequently the disease has been found on a substantial number
of game farms in other parts of the United States (Colorado, Kansas, Min-
nesota, Montana, Nebraska, New York, Oklahoma, and Wisconsin) and
Canada (Alberta and Saskatchewan) (AVMA, 2005; Belay et al., 2004). It is
reasonable to assume that CWD has been spread in large part through
trade associated with the growth and development of the game farming
industry. Spread from game farms to free-living cervids appears to have
occurred in at least some but not all situations where game farms have
been established. The widespread dissemination of CWD among game
farms in Canada resulting from importation of infected elk is beyond dis-
pute (Bollinger et al., 2004). However it occurred, CWD has emerged as
an immediate and serious threat to wildlife resources that generally are
highly prized by society and serve as the basis for substantial economic
activity.

Pathogenesis

CWD is associated with the accumulation of abnormal prions in brain
and lymphatic tissue. While not yet universally accepted, the “infectious”
agent is believed to be an abnormal prion (Belay et al., 2004). The disease
has a long incubation period, probably 15 months or more before the ap-
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pearance of clinical signs (Belay et al., 2004). Affected animals lose weight
and may show neurological signs. Definitive diagnosis is based on direct
laboratory examination of brain or lymphatic tissue by immunodiagnostic
techniques that can determine the presence of the agent in clinically nor-
mal animals as well as those showing signs. These tests are the basis of
epidemiological surveys for prevalence of the disease in culled and
hunter-killed animals.

It is likely that CWD is transmitted among cervids by urine, feces, and
saliva (Miller et al., 2004). The CWD agent remains infective in contami-
nated premises for at least 2 years and presumably this would also be true
in the natural environment (Miller et al., 2004). No evidence suggests that
other species can acquire CWD under natural circumstances or when
housed in direct contact with affected deer or on contaminated premises.
There is no known risk to humans from consuming meat from deer or elk,
but prudence makes consumption of meat or nervous tissue from animals
known to be infected unwise until more is known about this disease (Be-
lay et al., 2004).

APHIS has developed procedures to validate and approve testing pro-
cedures for diagnosing CWD. There is a danger of moving animals to new
habitats in the absence of the means to certify their health with a high
level of assurance or guarantee of their quarantine in the new location.
The history of CWD illustrates that controlling the translocation of cap-
tive wildlife is of paramount importance in preventing the spread of wild-
life disease.

The national response to CWD has been guided since 2002 by a Plan
for Assisting State and Federal Agencies and Tribes in Managing CWD
in Wild and Captive Cervids (USDA APHIS, 2002), developed by a task
force of federal and state wildlife management agencies. Subsequently a
group representing a broad constituency of universities, professional or-
ganizations, and interest groups developed action items. The task force
has directed attention to six broad areas of activity: communications,
dissemination of technical information (including education), diagnos-
tic methodology, disease management, research, and surveillance. Both
USDA and DOI have provided funding for CWD programs (FYs 2003–
2005). Implementation of the plan has been coordinated through the
Multi-States CWD Working Group, U.S. Animal Health Association, and
the International Association of Fish and Wildlife Agencies. The DOI
(NPS, USGS, FWS) and USDA (APHIS, CSREES) have established inter-
agency work groups to deal with specific issues. Interested nongovern-
ment organizations have banded together to form the CWD Alliance to
keep stakeholders appraised of developments. The formation of the
CWD Alliance by conservation organizations and the development of
its web site (www.cwd-info.org) have been particularly effective in pro-
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viding a source for accurate information among nonexperts. Also, a sub-
stantial number of continuing education programs for biologists and
others working on CWD have been developed or are in preparation by
agencies involved in the Plan.

Diagnosis

Immunohistochemistry (IHC) tests of tissue samples remain the ap-
proved means for definitive diagnosis of CWD. ELISA based methods
have been developed for screening samples more rapidly, but positives
must be verified by IHC. Research continues on developing methods that
could be used to diagnose infection in live animals or be more cost-
effective. By April 2003, the NVSL had approved 26 university or state
diagnostic laboratories to provide CWD testing, a number that accommo-
dated demand prior to the onset of BSE surveillance. Currently the system
is stretched to or somewhat beyond capacity, and additional laboratories
may be approved.

Prevention

Steps are being taken to prevent or limit the spread of CWD. All 50
states and several federal and tribal agencies have conducted monitoring
and management activities partially funded by APHIS through coopera-
tive agreements. As of June 2004, 24 state wildlife management agencies
adopted a policy set out in Multi-state Guidelines for Chronic Wasting Dis-
ease Management in Free-ranging White-tailed Deer, Mule Deer and Elk. The
APHIS-proposed rule, Chronic Wasting Disease (CWD) Herd Certification
Program and Interstate Movement of Captive Deer and Elk, is pending. Some
states have put restrictions on baiting and feeding of free-ranging cervids.

Experience in both the United States and Canada indicates that eradi-
cation of CWD in farmed cervids should be possible (Bollinger et al., 2004).
On the other hand, containing CWD in free-living cervids and preventing
its spread to contiguous regions free of the disease will be extraordinarily
difficult (Gross and Miller, 2001). Of paramount importance is controlling
the translocation of animals or infected material. It has been recognized
this will require not only appropriate regulations, but also an educated
public that will not be tempted to ignore restrictions on the movement of
cervids.

Containing CWD will require a well-coordinated management pro-
gram supported by an aggressive research program that defines the popu-
lation density, buffer zone size, and time required to render contaminated
environments free of infectivity to arrest spread to contiguous areas. It
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has been suggested that deer densities of less than 1 square kilometer of
critical habitat will likely have to be maintained for prolonged periods of
up to 10 years or more to create such buffer zones and prevent spread
from endemic areas (Bollinger et al., 2004). Through an examination of
CWD, the committee learned that:

• The infrastructure to detect, diagnose, and prevent wildlife diseases
is an essential element in the nation’s framework for dealing with animal
diseases and its consequences. In the past, it has been flawed by inad-
equate (1) coordination of relevant agencies, (2) diagnostic expertise, (3)
research support, and (4) education and training of professionals. Experi-
ence with CWD, and other diseases of wildlife such as WNV or the patho-
gens they may harbor, such as avian influenza, has highlighted these defi-
ciencies and provided the motivation to correct these inadequacies.

• In purely biomedical terms, the discovery of CWD has provided a
research opportunity in comparative medicine for gaining greater insight
into the pathogenesis of TSEs. The recent creation by the White House of
an interagency working group on disease-causing prions to identify gaps
in knowledge is timely.

• The spread of CWD, taken together with the history of the spread
of raccoon rabies and of monkeypox, provides compelling contemporary
evidence of the need for much more effective control of translocation of
wild animals in preventing the spread of animal disease. It reaffirms an
essential strategy for disease control that has been recognized since the
establishment of the first U.S. national animal health agency, the Bureau
of Animal Industry, in 1884. The translocation of wildlife, both indigenous
and exotic, is fraught with every bit as much risk as translocation of do-
mestic animals, especially since organisms that are symbiotic in wildlife
may be pathogenic in people and/or domestic animals.

West Nile Virus

The introduction and rapid spread of WNV (caused by a single
stranded RNA flavivirus) across the North American continent is a simple
and powerful illustration of the growing importance of a zoonotic disease
that is harbored and spread in wildlife in an increasingly interconnected
world. The disease was first described in Uganda in 1937. Since that time
it has become endemic in other parts of Africa, Southwest Asia, and Eu-
rope, where it appears to cause relatively few cases of disease in people,
domestic animals (horses and geese), or wildlife.

WNV appeared in New York in 1999 from an unknown source. By
2003 it had spread across the continent in a naive bird population that
sustained the infection and allowed it to be spread by mosquitoes that
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feed largely on birds. While WNV primarily infects birds, and while most
species are apparently resistant, corvids are particularly susceptible and
many died from the infection. Surveillance for the virus in dead crows
proved to be a better indicator of looming human and animal infection
than isolation of the virus from trapped mosquitoes or sentinel flocks of
chickens. Humans and horses become infected when species of mosqui-
toes that feed on both mammals and birds (e.g., some Culex spp) are fa-
vored by climatic circumstances. About 80 percent of the people who be-
come infected with WNV will have no symptoms and the vast majority of
the remaining 20 percent will have mild disease symptoms (CDC, 2004e).
Unfortunately, a few acquire encephalitis that can be fatal. In 2002 and
2003, WNV infected 15,300 and 5,200 horses in North America, respec-
tively (USDA APHIS, 2004b). It can be expected that the disease will be-
come entrenched permanently in some North American ecosystems. The
industrial and research establishment in the United States responded to
this outbreak by developing an effective vaccine to protect horses and a
rapid screening test that provided for efficient and cost-effective presump-
tive diagnosis. The committee found that globalization brings increasing
risk from diseases such as WNV that have hitherto not been present in the
United States but are transmissible to people and domestic animals by
wildlife. It is unlikely that all such diseases can be prevented from enter-
ing and staying in the country.

North America has large, pristine, nonimmune populations of animal
hosts, humans, multiple efficient and competent vectors, and a favorable
environment for disease transmission and spread. The introduction of
WNV became the key catalyst and final element needed to produce one of
this country’s most significant epidemics. Every year since 1999 has led to
new information about this epidemic.

West Nile virus has an extremely broad host range replicating in birds,
reptiles, amphibians, mammals, and numerous mosquito vectors. While
WNV is primarily a vector-borne zoonotic disease that is maintained
through a bird-to-bird transmission cycle via mosquito vectors, new in-
formation has also revealed that this flavivirus can be transmitted by other
means: for example, contaminated blood products, organ transplantation,
maternal transmission via breast milk and intrauterine, percutaneous ex-
posure in a lab setting, and, at least experimentally, direct horizontal trans-
mission between and among birds due to exposures via fecal shedding.

The WNV epidemic is still evolving and not well understood. The
recent recognition of a very large host range, numerous potential vectors,
nonvector modes of transmission, and the potential movement into Cen-
tral and South America via bird migrations has revealed that WNV is a
much greater threat and more difficult to control than initially realized.
There is every indication that WNV is becoming established as an en-
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demic zoonosis and will be a permanent part of the animal and human
medical landscapes in the United States and beyond for many years to
come.

The scope, scale, intensity, and consequences of this ongoing disease
problem are unprecedented for an arbovirus (an arthropod-spread virus).
WNV is a remarkable example of an emerging zoonosis that involves the
dynamic and complex interface among domestic animals, humans, and
wildlife species. The United States was an ideal setting for this epidemic,
and the virus continues to adapt and move into new ecological settings
that produce new selective pressures and exposures to new hosts and
vectors that constantly change the nature of this disease. The final chapter
on this disease has not been written because the story continues to unfold
and will continue to do so in unprecedented ways.

Important lessons to be learned from the WNV epidemic include the
following:

• With the propitious epidemiological conditions for arboviruses in
the United States, epidemic events can result in long-term endemic dis-
ease problems in multiple sites and species. The ease of spread of WNV
also provides a living model and example of what a purposeful introduc-
tion of a vector-borne zoonotic disease might do. Rift Valley fever, for ex-
ample, has epidemiological similarities to WNV that should be of serious
concern.

• There is a need for a better understanding of most aspects of WNV,
including its adaptations, environmental survival, host and vector range,
and nonvector transmission modes. Ecology, wildlife dynamics, and epi-
demiology are among the scientific disciplines that need to be addressed
by the animal health framework in the future.

• WNV offers further evidence that the veterinary profession and
animal health organizations must develop the expertise, knowledge, and
skills needed to address the implications of zoonotic diseases.

• The epidemic illustrates the need for strategic and collaborative
partnerships between government agencies, and especially among animal
and human health officials and communities. Those partnerships also
need to extend globally.

The confluences of human and animal health, along with wildlife, cre-
ate new opportunities for pathogens to emerge and reemerge. Microbes
will adapt, gain competitive ecological advantages, and threaten popula-
tions in novel and dangerous ways. WNV is a wakeup call to both human
and animal health officials and organizations—it is a clarion suggesting
that the past systems and operations in both of these communities will
need to reconsider how and with whom they work.
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NOVEL AND BIOENGINEERED PATHOGENS

The past two decades have witnessed the evolution and emergence of
new strains or entirely new groups of animal or human pathogens. Many
of these are thought to have emerged from interspecies transmission or as
variants of established strains with new tissue tropisms. In this respect,
emergent RNA viruses are notorious because of the presence of
quasispecies or “swarms of virus within a viral population,” high muta-
tion rates due to lack of proofreading mechanisms for RNA polymerases,
and the ability to generate genetic recombinant or reassortant viruses.
Recent examples include the emergence of several RNA viruses in swine
such as:

• The porcine respiratory and reproductive syndrome virus
(PRRSV), an economically important arterivirus first isolated in 1991 in
Europe and in 1992 in the United States, but with no known previous host
and no prior serological evidence of previous infection detected in swine
(Benfield et al., 1999).

• The porcine respiratory coronavirus (isolated in Europe in 1984 and
the United States in 1989), an emergent virus that acquired a new tissue
tropism (respiratory) and is a naturally occurring deletion mutant of
TGEV, common, widespread swine intestinal coronavirus (Saif and
Wesley, 1999).

• The porcine epidemic diarrhea virus (PEDV), a new group I
coronavirus, which was reported initially in Europe in 1978 and in Asia in
the 1990s as a major cause of diarrheal deaths in piglets, but still has not
been detected in the United States (Pensaert, 1999).

These new viruses appear to have emerged independently in swine in
Europe and the United States, suggesting that they have separate evolu-
tionary origins. Equally troubling was the recent emergence in Malaysia
of the new swine RNA virus, the Nipah virus, a zoonotic paramyxovirus
that was transmitted to humans, necessitating the precautionary slaugh-
ter of large numbers of pigs (Chua, 2003). This latter virus was acquired
by swine through interspecies infections, presumably from fruit bats. The
identification of these novel porcine viruses required the use of classical
(EM, cell culture) virological techniques, as well as molecular approaches,
such as reverse transcriptase-polymerase chain reaction (RT-PCR).

If the challenge of diagnosing new, naturally occurring diseases were
not already difficult enough, the prospect of identifying an intentionally-
introduced recombinant (bioengineered) pathogen presents an even
greater challenge. A bioengineered disease agent might, for example, be a
chimera formed from unrelated pathogens that would confuse diagnostic
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tests by causing multiple reactivities. Specific antigen sites or genetic re-
gions of a pathogen could be masked or deleted so that serological or
genetic tests would result in false negatives. Therefore, a broad array of
diagnostic tests with a wide spectrum of agent detection capabilities may
be required to identify both novel pathogens, whether naturally occur-
ring or intentionally engineered.

Identification of Novel Pathogens

 Classical virological techniques and the fulfillment of Koch’s postu-
lates (for example, verifying a causative agent by using it to reproduce a
similar disease syndrome in susceptible animal models) will remain im-
portant tools in disease diagnosis. However, rapid and unambiguous di-
agnostic tools are needed for early intervention in the event of a
bioterrorism-related national crisis or for identifying novel pathogens.
New molecular assays are evolving to meet those needs.

For example, the SARS coronavirus was identified using microarray
technology that targeted consensus regions of gene expression within dis-
tinct virus families (Ksiazek et al., 2003). Pathogen specific detection meth-
ods using gene probes derived by genome mining, in conjunction with
target or signal amplification, can yield methods sensitive enough to de-
tect just a few organisms in suspect materials. The same technologies in
combination with sequencing or microarrays can aid in genotyping patho-
gens, specifically in the diagnosis of antimicrobial agent resistance
(Hamels et al., 2001). Of particular interest are microarrays designed to
enable detection of major classes and families of organisms based on
intergenic and polymorphic loci. Once such classification has been worked
out, family-specific arrays may be used to scan for homologies and major
differences to identify new pathogens. Another example is the use of mass
spectroscopy and high-performance liquid chromatography methods on
whole microorganism (bacteria, viruses, and protozoa) extracts to define
protein profiles that can be matched to an existing database of finger-
prints. This may enable classification of organisms into major families that
can be used to further design molecular probes for a finer degree of dis-
crimination (Bernardo et al., 2002; Huang et al., 2002; Frazier et al., 2003).

Rapid Monitoring of the Host Response to Pathogens

Serology (monitoring serum antibody responses to pathogens) is im-
portant in assessing seroresponders and the seroprevalence of infections
to determine levels of exposure of the populations. However, it is inad-
equate for rapid disease diagnosis because antibody development usually
takes 2–3 weeks.
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Recognition of the rapid response (hours or days) in immu-
nomodulatory factors such as cytokines in the blood to various pathogens
suggests that microorganism-specific cytokine tests may permit more
rapid monitoring of host-specific responses. An example is the adoption
of assays to monitor for mycobacteria-specific antigen-induced secretion
of the cytokine interferon-gamma in blood mononuclear cells as a more
rapid diagnostic assay than slower cultivation protocols (weeks) required
for isolation of Mycobacterium bovis from cattle (Stabel, 1996). Such tests
could also provide rapid data on new immunosuppressive pathogens,
naturally occurring or bioengineered, by revealing significant decreases
in certain cytokine levels. Another example is the recognition that some
immunomodulatory factors (the cytokine IL-4) coexpressed with a virus
may increase the virulence of certain viruses (mousepox) in the host
(Jackson et al., 2001). Monitoring of a dramatically up-regulated single
cytokine level could signal the presence of such a bioengineered pathogen-
cytokine recombinant or guide treatment with antibodies to the relevant
cytokine or counter-regulatory cytokines. Besides of diagnostic value,
innate immune factors (such as cytokines and interferons) occurring early
(hours or first days) after infection, and preceding the acquired immune
responses, might be manipulated as treatment modalities to reduce or
prevent infection of contact or susceptible animals. Early innate immuno-
modulator intervention strategies might block or reduce pathogen infec-
tion and shedding, decreasing transmission to other animals or making
contact animals more resistant to infection.

INTENTIONALLY INTRODUCED PATHOGENS AND DISEASES
OF TOXICOLOGICAL ORIGIN

Of course, an act of bioterrorism need not involve a bioengineered
pathogen. The intentional spread of known microorganisms or microbial
toxins can be accomplished using the same routes as accidental introduc-
tions, which occur when disease agents are brought to new areas via the
movement of air and water, fomites, vectors, infected animals, or animal
products.

Currently, if naturally occurring, endemic agents were intentionally
introduced into a new locale, investigatory agencies would be reliant
solely on the pattern of outbreak to distinguish an attack, since there is
currently no methodology to distinguish between intentionally versus
accidentally introduced. The purposeful introduction of an exotic disease
through channels of international commerce could also be disguised, since
such an occurrence could as easily be the result of an accident as not. In
the 2003 National Research Council report Countering Agricultural
Bioterrorism, the Committee on Biological Threats to Agricultural Plants
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and Animals offered advice about animal diseases and animal disease
vectors that could be used as agents of agricultural bioterrorism. Because
the report discusses themes that are relevant to both intentionally intro-
duced and naturally occurring disease and the potentially devastating
consequences of a failure of the animal health network, we have included
the conclusions of the report as Appendix D.

In addition to pathogens, toxins, chemicals, and radiological weap-
ons might also be used to purposefully threaten animal health. These top-
ics are outside the focus of this report. However, the committee acknowl-
edges that toxic diseases (such as botulism and domoic acid) are an
important concern for animal and human health. Diseases of toxicological
origin present challenges different from those of other types of animal
diseases. Domestic and wild animals are subject to toxins that occur natu-
rally, for example in plants, or that are the result of human activity. Para-
lytic shellfish poisoning, domoic acid, Pfeisteria outbreaks, and related
phenomena appear tied to coastal pollution and have the potential to
make poisonous and inedible a growing proportion of the country’s pro-
tein food supply. Therefore toxicology is an essential element in any pro-
gram addressing animal disease.

SUMMARY

The lessons of past disease outbreaks and the prospects of future epi-
demics suggest that the animal health framework faces a formidable chal-
lenge in preventing, detecting, and diagnosing the spectrum of animal
diseases, some of which have direct consequences for humans as well as
animals. The challenge is multifaceted and includes planning for out-
breaks; conducting multidisciplinary research across species; developing
new vaccines and rapid diagnostic tools; effectively using the broad capa-
bilities of university, industry, state veterinary diagnostic laboratories;
and ensuring that an appropriate and state-of-the-art infrastructure exists
to accomplish diagnosis. More than ever, there is a need to develop strong
connections between public health and animal health officials, both do-
mestically and internationally, and to expand the scope of animal disease
concern to include wild and exotic animals.
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4

Gaps in the Animal Health Framework

INTRODUCTION

The study’s Statement of Task (Box 1-1) charges the committee with
identifying key opportunities and barriers to the successful prevention
and control of animal diseases.  In its analysis of the existing animal health
framework, as presented in Chapter 2, and the lessons of specific diseases
and disease outbreaks, as presented in Chapter 3, the committee explored
the responsibilities and actions of producers, regulators, policymakers,
and animal health care providers and their effectiveness in providing dis-
ease prevention and control. Based on that review, the committee found
that the main barriers to successful prevention of animal disease are gaps
in the animal health framework that make it vulnerable to future animal
disease threats, particularly from exotic animal diseases.  The key gaps,
identified in this chapter, are organized into the following categories:

• Coordination of Framework Components
• Technological Tools for Preventing, Detecting, and Diagnosing

Animal Diseases
• Scientific Preparedness for Diagnosing Animal Diseases: Labora-

tory Capacity and Capability
• Animal Health Research
• International Issues
• Addressing Future Animal Disease Risks
• Education and Training
• Improving Awareness of the Economic, Social, and Human Health

Effects of Animal Diseases
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COORDINATION OF FRAMEWORK COMPONENTS

Gap 1:  A key gap in preventing, detecting, and diagnosing animal and
zoonotic diseases is the lack of timely, appropriate, and necessary coor-
dination and leadership among USDA, DOI, DHS, HHS, animal indus-
tries, and other responsible federal, state, and private entities.

Whether due to historic structures and functions of the USDA, HHS,
and related federal, state, and local governments, or because of changes
and challenges in funding and resources, there is an apparent disconnect
between agencies that should function in partnership. Examples of dis-
ease events, whether an emergent disease (monkeypox, West Nile virus,
severe acute respiratory syndrome), endemic disease (chronic wasting dis-
ease and avian influenza), or exotic disease (foot-and-mouth, exotic
Newcastle disease) reveal a lack of effective cooperation among local,
state, and federal entities.

The Trust for America’s Health (Benjamin et al., 2003) found over 200
different government offices and programs engaged in the response to
just five outbreaks of animal-borne diseases (monkeypox, West Nile vi-
rus, bovine spongiform encephalopathy, Lyme disease, and chronic wast-
ing disease). It also found that as many as seven cabinet-level agencies
and hundreds of state and local public health agencies are involved. State
departments of agriculture and environmental protection agencies also
play critical roles. Table 4-1 shows the complexity (and the need for coor-
dination and communication) of responsibility and the number of federal
government agencies involved with each specific disease/agent examined
in Chapter 3. The table does not show the significant overlaps (for dis-
eases such as monkeypox) in the programmatic functions performed by
various federal agencies that also exist. Whereas there are clear lines of re-
sponsibility and authority for exotic disease agents, such as highly patho-
genic avian influenza, the regulatory lines of authority are not defined for
endemic agents such as low pathogenic avian influenza, therefore hinder-
ing the nation’s ability to prevent the potentially devastating spread of a
disease before it develops. Furthermore, the system as a whole lacks inte-
gration, not only within the federal system, but also among federal agencies
and programs directed through states or animal health organizations.

In addition, despite the number of federal agencies responsible for
aspects of animal health policy (as shown in Table 4-1), there is a lack of
federal oversight of the animal-centered aspects of zoonotic diseases. The
monkeypox outbreak revealed no equivalent federal responsibility and
only a limited federal animal health infrastructure for addressing a
zoonotic disease outbreak transmitted by nonlivestock species.

Economic environments, social structures, and management practices
are unique to different regions, requiring flexibility and tailored responses
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TABLE 4-1 Primary Federal Jurisdictions for Specific Animal Diseases

Disease Animals Affected Government Agency(ies)

Exotic Newcastle Multiple avian DOI: NWHC
Disease species USDA: APHIS, ARS, CSREES

DHS: Bureau of Customs and Border
Protection

USTR
OSTP

Foot-and-mouth Cattle, swine, and DOI: NWHC
Disease other cloven-hoofed USDA: APHIS, ARS, CSREES

species (sheep, goats, DHS: Bureau of Customs and Border
deer) Protection

DoD
USTR
White House: OSTP, OMB

Monkeypox Prairie dogs, humans HHS: FDA, CDC
DHS: Bureau of Customs and Border

Protection
DOI: FWS
USDA: APHIS, CSREES

Bovine Spongiform Cattle HHS: FDA, CDC, NIH
Encephalopathy USDA: APHIS, FSIS, ARS, CSREES

DHS: Bureau of Customs and Border
Protection

DOS
DoD
USTR
White House: OSTP, OMB

Chronic Wasting Elk, mule deer, HHS: FDA
Disease white-tailed deer DOI: BIA, NPS, FWS, BLM

USGS: National Health Lab
USDA: APHIS, ARS, CSREES
EPA
DoD

West Nile Virus Mosquitoes, birds, DOC
humans DOI

DoD
EPA
USDA: CSREES
HHS: CDC, FDA, NIH

Avian Influenza Avian species, HHS: CDC
humans, swine, cats USDA: APHIS, ARS, CSREES

DHS: Bureau of Customs and Border
Protection

DOI: NWHC

Severe Acute Humans, palm civets HHS: CDC, FDA
Respiratory and raccoon dogs USDA: CSREES
Syndrome DOI
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to ensure compliance and cooperation in prevention and early detection
of disease events. In the current system, there is underutilization of pri-
vate industry, local, and regional resources, as well as a reluctance to capi-
talize on expertise located outside of federal agencies. A wealth of scien-
tific expertise in academic institutions and state diagnostic laboratories
could be called on to provide expert advice and assistance. Timely com-
munication with those on the front lines could be enhanced to improve
disease detection and response. In the case of monkeypox, local stake-
holders waited for instructions from the federal government, which hin-
dered their ability to react.

TECHNOLOGICAL TOOLS FOR PREVENTING, DETECTING,
AND DIAGNOSING ANIMAL DISEASES

Gap 2:  Efforts for the rapid development, validation, and adoption of
new technological tools for the detection, diagnosis, or prevention of
animal diseases and zoonoses are lacking or inadequate.

New scientific tools and technologies with proven potential have not
moved quickly into routine use within the current animal health infrastruc-
ture. State-of-the-art scientific approaches and technologies, often devel-
oped by and for basic research and military application, are often rapidly
adopted by first-responder and public health communities to protect hu-
man health, but they have been significantly slower to transition into the
animal health arena. Translational (or applied) research and federal fund-
ing sources to support the development, validation, and/or implementa-
tion of technological tools specifically for animal health applications are
limited, and economic incentives for the private sector do not traditionally
support these development efforts. In short, society will pay more to learn
how to protect human health than to protect animal health. Federal and
state laboratories across the country vary greatly in their ability to obtain
advanced technologies, such as robotics for surge capacity, instrumental
analyses (i.e., gas chromatography, mass spectrometry) for high-resolution
toxin and protein detection, and molecular-based tools for rapid and sensi-
tive agent detection or identification. Recent awareness and initiatives re-
lated to bioterror preparedness and homeland security have improved both
federal and state laboratory access to rapid molecular-based diagnostic
tools; however, as an industry, animal health lags behind the military, first-
responder, and public health community in the use of field-based air sam-
pling techniques, handheld devices, and similar technologies.

As demonstrated by the exotic Newcastle disease outbreak, the exist-
ing animal health framework in California was forced to develop and vali-
date an effective detection tool during the outbreak, though awareness of
the threat and the technology used had existed for many years. The de-
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lays in evaluating and implementing new and emerging technologies are
also a concern with preventive vaccine strategies. Prevention strategies,
including vaccines carrying markers that would allow a laboratory to dis-
tinguish a vaccinated animal from one exposed to a naturally occurring
pathogen, have not been promoted in the United States. The lessons iden-
tified and reported from the 2001 U.K. foot-and-mouth disease (FMD) out-
break clearly indicate the importance of marker vaccines and/or diagnos-
tic tests able to distinguish between an animal vaccinated against a foreign
animal disease and an animal naturally exposed as a critical disease con-
trol strategy. Yet, little or no progress has been made in this direction in
the United States, despite the availability of the technological tools. Unan-
swered questions remain about the adequacy of the supply and serotypes
of FMDV vaccine available to the United States in the event of an out-
break (inadvertent or bioterrorist) and the surge capacity and biosafety
level 3 (BSL-3) vaccine manufacturing facilities for rapid production of
additional USDA-licensed doses.

Although basic research has generated prototype bioengineered ani-
mal vaccines, the translational research for their cost-effective production
and testing in safety and efficacy field trials is lacking. Further, BSL-3
facilities to conduct translational vaccine research and to manufacture
vaccines for BSL-3 pathogens are extremely limited in the United States.

Approaches to induce mucosal as well as systemic immunity and
other preventive methods to block shedding of pathogens in diverse host
species, including wildlife and companion animals, are largely undefined
and illustrate the need for comparative medicine studies. The lack of an
adequate understanding of safe and effective immune system modulators
(adjuvants) to stimulate the various immune responses has resulted in
few USDA approvals of adjuvants for use in animals. Stimulation of in-
nate immunity is envisioned as a new strategy to achieve early initial non-
specific immune responses to pathogens; this approach could reduce
pathogen load prior to specific vaccine response, shedding, and transmis-
sion in animal populations in the face of an exotic, zoonotic, or other
pathogen exposure.

SCIENTIFIC PREPAREDNESS FOR DIAGNOSING ANIMAL
DISEASES: LABORATORY CAPACITY AND CAPABILITY

Gap 3:  The animal disease diagnostic system in the United States is not
sufficiently robust to provide adequate capacity and capability for early
detection of newly emergent, accidental, or intentionally introduced
diseases.

More specifically, the committee found significant delays in develop-
ment and validation of diagnostic assays and proficiency testing pro-
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grams; inadequate use and coordination of the diagnostic resources and
expertise located throughout the country; insufficient integration and co-
ordination of laboratory diagnosis of zoonotic and foodborne diseases;
limited surge capacity; inadequate diagnostic BSL-3 biocontainment; and
limited research on and implementation of new diagnostic tools and meth-
odologies. 

Laboratory diagnosis of animal diseases in the United States is multi-
faceted and involves federal, state, and commercial entities. However, the
committee’s review focused primarily on assessing publicly funded labo-
ratories and the current operational status of national laboratory net-
works. While commercial laboratories are an important part of the sys-
tem, we did not conduct an in-depth analysis of this component.

Funding and implementation of the National Animal Health Labora-
tory Network (NAHLN) was a major step and is an important and neces-
sary paradigm shift from an exclusive federal to a shared responsibility
for foreign animal disease diagnosis (see Chapter 2). However, the cur-
rent network does not provide the necessary surge capacity and is not
prepared for disease agents and toxins outside the narrow list of eight
exotic diseases1  that provided an initial focus for network development.
Furthermore, coordination among federal and state laboratory networks
is not optimum. The committee reviewed the current status of veterinary
diagnostic laboratory membership in the Laboratory Response Network
for Bioterrorism (LRN) and concluded that there is limited and insuffi-
cient linkage among veterinary diagnostic laboratories, the NAHLN, and
the LRN to respond to agents with zoonotic concerns, such as monkeypox
or West Nile virus (see Chapter 3).

The committee reviewed the current status of BSL-3 diagnostic labo-
ratory and necropsy space in the United States and found a significant
deficiency in this capital resource. Since all exotic animal diseases are clas-
sified as BSL-3 agents, and since most of the OIE category A select agents
are zoonotic and require the handling of known or potentially infected
animals and animal-derived tissues in veterinary diagnostic laboratories
under BSL-3 containment, the current capacity and distribution of BSL-3
space for necropsy (autopsy) of animals and laboratory workups are in-
sufficient for routine diagnosis and grossly insufficient for surge capacity.
It is possible that accidental or intentional introduction of these agents
could occur in any state or region, and it is unlikely that movement of

1The eight selected agents are avian influenza, exotic Newcastle disease, foot-and-mouth
disease, classical swine fever, rinderpest, bovine pleuropneumonia, African swine fever,
and lumpy skin disease.
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carcasses or shipment of specimens will be time-sensitive enough to rely
on neighboring regions for BSL-3 laboratory capacity.

In addition to reviewing the diagnostic networks as a component of
disease prevention, detection, and diagnosis, the committee analyzed the
approach toward laboratory diagnostics currently practiced in the United
States. The committee found that the traditional approach, which focuses
mainly on individual animal diagnosis and generally does not formally
consider population diagnosis, is not addressing the need for population-
based diagnostic methods and information that are critically important in
identifying the multicausality of disease and the factors predisposing or
contributing to development of new or emerging diseases.

ANIMAL HEALTH RESEARCH

Gap 4:  The nation supports only limited multidisciplinary research to
address prevention and detection of animal disease (both zoonotic and
nonzoonotic) by studying factors related to pathogenesis, interspecies
transmission, epidemiology, and ecology.

Early recognition of emerging diseases requires a fundamental knowl-
edge of the epidemiology of the disease, which includes an understand-
ing of the agents and hosts in their natural environment. The interactions
of the intrinsic and extrinsic factors that lead to emergence of new disease
are poorly understood. Many individual researchers address various dis-
eases relatively independently and usually with a focus on a single host
species or mouse model. As a result, medical scientists may be unaware of
key research done in other species by veterinary scientists studying a simi-
lar, closely related, or even unique animal pathogen. For example, the
animal reservoir and susceptible species for SARS remain undefined and
integrated, and collaborative research efforts to study the responses to
SARS in infected humans and diverse animal hosts have not been insti-
tuted in the United States. Furthermore, basic and translational research
related to prevention, detection, and diagnosis of animal and zoonotic
diseases is conducted through an array of government, academic, and
private institutions; however, no mechanism exists to coordinate research
dollars and priorities to ensure that important topics are not overlooked
and to ensure the most effective use of existing research dollars.

As demonstrated by SARS and many other disease outbreaks, re-
search ties, interagency funding, and cooperation for shared research be-
tween biomedical and veterinary scientists are lacking. Opportunities to
train biomedical and veterinary public health personnel in infectious and
zoonotic disease research are limited. Funds are lacking to study disease
pathogenesis in appropriate animal hosts and to investigate zoonotic dis-
eases including identifying animal reservoirs and the mechanisms and
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chains of interspecies transmission. The current emphasis of major fed-
eral funding agencies supporting research related to animal health or
zoonoses (e.g., USDA, NIH, NSF) focuses on basic research, providing
less opportunity for translational research aimed at the immediate goals
of prevention (e.g., vaccines, antimicrobials, producer behavior), detec-
tion, and diagnosis of animal and zoonotic diseases. Development and
validation of veterinary diagnostic assays utilizing state-of-the-art mo-
lecular techniques has not been a priority for federal funding prior to
homeland security interests in protection against agricultural
bioterrorism. Existing efforts remain limited and focused on assay devel-
opment for biothreat agents and foreign animal diseases. While the threat
of bioterrorism and the recent epidemics of zoonoses, such as SARS, West
Nile virus, and monkeypox, have boosted the priority for this type of
translational research, there is little coordination among agencies and a
continuing deficit of funding to scientists outside the federal arena. In
addition, a robust national system for considering validation data on new
assays and for adopting validated assays in one species to other species
and matrices does not exist. There is currently limited emphasis on
multidisciplinary research on disease pathogenesis, interspecies transmis-
sion, or comparative medicine.

Gap 5:  There are not enough biosafety level 3 (BSL-3 or BSL-3 Ag)
facilities and those that exist are not strategically located throughout
the United States. Not all level 3 facilities are suitable or equipped for
research on diseases (including zoonoses) of livestock, poultry, or wild-
life requiring that level of biocontainment.

When a new infectious agent is suspected, initial efforts must be di-
rected to the rapid definition and characterization of the agent, as was
done during the SARS outbreak (described in Chapter 3). One of the first
actions is to contain the agent and to characterize it under strict
biocontainment conditions. Subsequent research requires assessment of
the pathogenic potential, origin and host range, pathogenesis, diagnosis,
and preventive or control measures in the natural and susceptible host
species, including large domestic animals and wildlife. State-of-the-art
equipment and technological tools to conduct the research needed to un-
derstand, prevent, and control these emerging or exotic infectious agents
are not widely available.

Both the monkeypox and SARS outbreaks helped to identify weak-
nesses in the veterinary laboratory infrastructure in the United States,
which does not have appropriate biocontainment facilities to allow inves-
tigative research on potential animal hosts and disease transmission. Pre-
liminary data from a recent survey conducted by the American Associa-
tion of Veterinary Medical Colleges indicate that federal and state BSL-3
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large animal biocontainment facilities in the United States are limited to
two states, with an additional five ABSL-3 facilities under construction
that will be capable of holding large animals. Only one ABSL-3 Ag facility
currently exists in the United States (Plum Island), and only two of the
facilities currently under construction will be ABSL-3 Ag biocontainment
(Richard Dierks, AAVMC, personal communication, November 2004).2

INTERNATIONAL ISSUES

International Interdependence and Collaboration

Gap 6:  The United States is not sufficiently engaged with international
partners to develop strategic approaches to preventing, detecting, and
diagnosing animal diseases before they enter this country.

International collaborations are largely ad hoc, resulting in a nonstra-
tegic system for dealing with global animal health issues.

Global trade, population, and production in other countries, along
with advancements in technical capacity and our own regulatory infra-
structure, are some of the factors eroding the historically strong trade sta-
tus enjoyed by the United States. Adding to these global factors are inter-
national standards and legally binding trade agreements such as the
World Trade Organization (WTO) Agreement on Sanitary and
Phytosanitary Standards (SPS), formulated with technical expertise from
different countries. Every effort is made to adopt standards by consensus,
and each country, no matter its size or other qualifying factors, is on equal
footing with one vote. Adoption of standards requires the efforts and en-
couragement of all countries to comply and provide timely notification of
zoonotic and exotic diseases. To operate independently is no longer a vi-
able option for the United States, despite its large stake in the global
economy and the world.  Moreover, although the United States has great
economic and political influence, it constitutes a small fraction of the total
world population. (World population growth every 3–4 years equals the
entire population of the United States.)

2The committee sought information on the extent of BSL-3 biocontainment facilities for
large animals in the United States. Definitive information could not be supplied. However,
at the time the report was finalized, the AAVMC had obtained preliminary results from a
survey of BSL-3 facilities in veterinary medical colleges and departments in the United States.
The information provided is based on preliminary results from AAVMC’s November 2004
survey.
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Importation, Sale, and Transport of Exotic Animals

Gap 7:  The current patchwork of federal policies and agencies with
limited or ill-defined jurisdiction for the import, sale, and movement of
exotic and wild-caught companion animals and zoo specimens is a sig-
nificant gap in preventing and rapidly detecting emergent diseases.

As the monkeypox outbreak revealed, there is no defined federal re-
sponsibility beyond that for protecting public health, and only an infor-
mal federal animal health infrastructure, for addressing a zoonotic dis-
ease outbreak transmitted by a nonlivestock, nonwildlife species. Prior to
the interim final rule (banning the import, sale, or distribution of prairie
dogs and some African rodents responsible for the monkeypox outbreak),
import and movement of exotic animals was uncontrolled. Some states
have bans on sale and distribution of prairie dogs to prevent transmission
of plague. However, no uniform federal regulations that would provide
equivalent controls nationwide have been established. Tracking of these
animals in the United States is inconsistent and ineffective, and there is a
disturbing lack of standardized testing of the health status of exotic ani-
mals at the point of origin or importation, in companion animal shops, at
trade fairs, and in other venues. Regulatory authority for the intrastate
movement of these animals once they are in the United States lies with the
states. However, state infrastructure to oversee and effectively monitor
movement of nonlivestock species is inconsistent and often weak, with
neither the budget nor the personnel within most states. Exotic animals
are imported daily into the United States with little or no health monitor-
ing, increasing the probability of an animal pathogen or zoonotic disease
entering the United States through an imported animal such as occurred
with human salmonellosis via turtles or monkeypox through African ro-
dents. Wild animals transported from their native habitat and introduced
into live animal markets may harbor unknown disease agents transmis-
sible to humans such as monkeypox, influenza, and perhaps SARS, which
is highly likely to also be a zoonotic disease (as described in Chapter 3).

ADDRESSING FUTURE ANIMAL DISEASE RISKS

Gap 8:  The current animal health infrastructure for food-animals, wild-
life, and companion animals does not have formal and comprehensive-
based science and risk analysis systems for anticipating potential chal-
lenges to animal health; ranking their likelihood of occurring and likely
severity; evaluating alternative prevention, detection, and diagnos-
tic systems; and using this information to make appropriate policy
decisions.
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The traditional approach for disease prevention in the United States
has been to formulate disease control strategies based on whether the spe-
cific disease is present or absent, rather than relying on a risk-based ap-
proach for developing disease control strategies. For infectious and eco-
nomically devastating animal diseases such as FMD, the United States
has made substantial investments in disease eradication and historically
has moved to restrict trade from countries where the disease is reported if
it poses risk to the health status of the U.S. population or jeopardizes U.S.
export markets. In the past, the United States adopted a zero-risk policy
for disease introduction as the most expedient approach, though this re-
lied on a strong infrastructure with financial resources to rapidly respond
should the disease be inadvertently or intentionally introduced. On the
other hand, trade partners intrinsically link the economic viability of en-
tire export markets with the absence or presence of disease within their
borders, creating issues of compliance and international cooperation.
Trade restrictions, and even perceptions of unfair regulation, have cre-
ated significant uneasiness among trading nations, as witnessed by mar-
kets and political responses in Europe, Asia, Canada, and the United States
following respective initial detection of BSE.

EDUCATION AND TRAINING

Gap 9:  There is an inadequate supply of veterinarians educated for
careers in research, public health, food systems, ecosystem health, diag-
nostic laboratory investigation, and rural and/or food animal practice.

The face of veterinary medicine has changed over the years from a
focus on rural practice to a profession dominated by practitioners serving
small companion animals. There are not sufficient graduates to meet the
needs in a number of major and distinct fields of veterinary medicine deal-
ing with various species of food animals, rural practice (mixed domestic
animals), ecosystem health (including wildlife and conservation medi-
cine), public health, the many dimensions of the food system, and bio-
medical science. In addition, veterinary graduates are not adequately pre-
pared to deal with foreign animal diseases, public health (Hoblet et al.,
2003; Walsh et al., 2003), the food system (Hird et al., 2002), ecosystem
health (Van Leeuwen et al., 1998), and biomedical research, without fur-
ther postgraduate education. According to the Association of American
Veterinary Medical Colleges (AAVMC), the 28 veterinary colleges in the
United States graduate approximately 2,300 veterinarians per year, and
currently they cannot keep up with societal needs in private or public
practice (AAVMC, 2004).

The committee also found a steady decline in the number of rural
practitioners and of veterinarians employed in regulatory agencies, due
to consolidation in the animal production sector and decreases in exten-
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sion education and research.  Today, veterinary capacity in rural areas is
largely composed of consulting veterinary businesses and limited num-
bers of mixed animal practices.  These decreases threaten to undermine
the nation’s capacity to protect animal and human health and to respond
to potential national emergencies. The USDA, presently underserved, pre-
dicts a shortfall of 584 veterinarians by 2007. Fifty percent of U.S. Public
Health Service veterinarians are currently eligible for retirement
(AAVMC, 2004).

Furthermore, the changing emphasis toward and greater specializa-
tion in companion animal private practice has created a critical gap in the
current animal health infrastructure.  Critical areas—including food
safety, emerging and foreign animal diseases, public health, food systems,
and animal agriculture in general—are no longer being adequately ad-
dressed. This gap is further accentuated by the fact that training and con-
tinuing education are now primarily focused on companion animal prac-
tice which, in turn, has reduced the overall awareness and importance of
these critical needs and weakened the current animal health infrastruc-
ture. Thus inadequate veterinary capacity is a growing problem from the
perspective of its distribution, total number, and range of competencies. It
is beyond the scope of this report to undertake an in-depth analysis of
veterinary shortages, as described in the NRC report National Need and
Priorities for Veterinarians in Biomedical Research (NRC, 2004b). However,
the impact of this shift in the profession away from rural animal practices
and public service sectors has a profound impact on the recognition and
early detection of foreign animal diseases.

Gap 10:  Education and training of those on the front lines for recogniz-
ing the signs of animal diseases is inadequate.

Animal handlers and people working and living with animals on a
day-to-day basis form the true first line of detection for animal diseases.
Producers and animal personnel may not report suspicious signs to the
herd veterinarian or government official simply because they do not know
what the signs look like, or do not recognize them and understand the
implications of delays in recognizing and reporting signs of disease. Each
year, only about 250 to 300 foreign animal disease investigations are sub-
mitted to the Foreign Animal Disease Diagnostic Laboratory (FADDL)
(Tom McKenna, Plum Island Animal Disease Center, personal communi-
cation, June 2005). As noted in Chapter 3, veterinary oversight of animal
units in the United States is hit-and-miss, with progressive, health-minded
producers more likely to engage veterinary services to provide education
and training and to promote observation for animal diseases and early
reporting. Veterinarians also may not be able to readily recognize a for-
eign or exotic disease when examining animals with clinical diseases that
mimic common indigenous diseases. Furthermore, animal handlers and
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other personnel working directly with animals may be inadequately edu-
cated and trained in the detection of foreign and exotic animal diseases.

The committee acknowledges the critical need for professionals in hu-
man medicine, wildlife health, and public health, as well as domestic ani-
mal health, to identify, recognize, and report cases of zoonotic
diseases within their respective areas of expertise and responsibilities. Al-
though it was beyond the capacity of its review, the committee was never-
theless very concerned about the level of knowledge and understanding of
zoonoses and especially emerging zoonoses within the various health pro-
tection communities.

IMPROVING PUBLIC AWARENESS OF THE ECONOMIC, SOCIAL,
AND HUMAN HEALTH EFFECTS OF ANIMAL DISEASES

Gap 11:  Despite the vital role that animal health plays in preserving the
safety of the food supply and other important societal resources, there
is little national consumer awareness or public investment in maintain-
ing a viable animal health infrastructure to protect and defend this criti-
cal resource.

As described in Chapter 3, the recent outbreaks of foot-and-mouth
disease in the United Kingdom; of SARS in Asia and Canada; and of ex-
otic Newcastle disease, avian influenza, and BSE in the United States are
reminders of the threats such diseases pose to the U.S. food supply (as
well as confidence in the safety of the food supply), the global economy,
and public health (Shadduck et al., 1996). Today the entire food and fiber
system—including farm inputs, processing, manufacturing, exporting,
and related services—is one of the largest sectors of the U.S. economy and
accounts for output of $1.5 trillion, or nearly 16 percent of the gross do-
mestic product, and 17 percent of the civilian labor force (USDA, 2003).

The annual value of livestock production (cash receipts) was nearly
$100 billion during the 1993-2002 period, about half of the total value of
agricultural sector production (McElroy et al., 2003). The United States
exported nearly $55 billion in agricultural exports in 2002, with animals
and animal products accounting for over 20 percent (USDA-ERS, 2001).
Wildlife and companion animals also have significant recreational and
environmental value. Economic activity based on wildlife-related recre-
ation in 2001 in the United States was estimated to be $108 billion. In 2005,
expenditures on pets are projected at a record-high of $35.9 billion
(APPMA, 2005).

Given the economic value of animals, a key question is whether suffi-
cient resources have been allocated to safeguard animal health; in other
words, to prevent disease outbreaks from occurring.  Although not all
disease events are catastrophic on a large scale, one analysis suggests that
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3–4 percent of the value of animal production in agriculture is routinely
lost to animal diseases (Hennessy et al., 2005) including the cost of pre-
vention. Another estimate suggests that the losses might be even higher:
up to 18 percent of the annual farm gate value of animal commodities,
costing production agriculture and the U.S. economy billions of dollars
each year (FAIR, 2002).  A study of livestock diseases in the United King-
dom estimates a range in the costs of losses from disease relative to the
costs of treatment and prevention measures (Bennett, 2003). In that study,
mastitis in dairy cattle ranked the highest in terms of direct costs from
losses (over £120 million or nearly $200 million dollars, in 1996 values),
while prevention expenditures were estimated to be £4 million, or $6.6
million dollars .

The financial investment to prevent disease may be far less than the
losses in value should a disease occur, particularly when losses include
not only the cost to producers and associated industries, but also the value
of social welfare such as the loss of food and other products, or the loss of
a companion or zoo animal.

However, for several reasons, the general public is unaware of the
full costs of disease. First, a large and growing percentage of the general
population is increasingly removed from a basic understanding of agri-
culture, its links with animal health, and related sectors (Whitener and
McGranahan, 2003). A lack of personal experience or knowledge about
animal production may lead the general public (consumers) to undervalue
efforts required to prevent animal diseases, or to recognize that losses
from disease may be reflected in higher costs for food, recreation, or health
care. When the public is not aware of these costs, they (consumers, busi-
ness) will underestimate the value of prevention, detection, and diagnosis
(Colorado State University and Farm Foundation, 2003; Sumner, 2003).

The public understanding of the purposes and the need for animal
research and for disease prevention measures might also be affected by
societal attitudes toward animals that have been fostered by animal activ-
ists. Public education and ongoing risk communication with the general
public improve the ability of consumers to make appropriate decisions
and build support for national animal disease management efforts. Re-
search on effective methods and tools of risk communication would make
an important contribution to building an effective animal health infra-
structure.

SUMMARY

The current animal health framework was built on animal manage-
ment practices, economic impacts, and societal norms that are no longer
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valid. At the same time, animal and human populations and their inter-
faces have changed and continue to change. The committee analyzed the
current capabilities and limitations of the animal disease framework and
identified the following 11 gaps that hinder effective prevention, detec-
tion, and diagnosis:

• There is a lack of timely, appropriate, and necessary coordination
and leadership among USDA, DOI, DHS, HHS, animal industries, and
other responsible federal, state, and private entities.

• Efforts for the rapid development, validation, and adoption of new
technological tools for the detection, diagnosis, or prevention of animal
diseases and zoonoses are lacking or inadequate.

• The U.S. animal disease diagnostic system is not able to provide
adequate capacity and capability for early detection of newly emergent,
accidental, or intentionally introduced diseases.

• The nation supports only limited multidisciplinary research to ad-
dress prevention and detection of animal disease (both zoonotic and non-
zoonotic) by studying factors related to pathogenesis, interspecies trans-
mission, and ecology.

• The number of BSL-3 facilities is inadequate, and the existing labs
are not strategically located in the United States nor are they suitably
equipped for research on diseases requiring biocontainment.

• The United States is not sufficiently engaged with international
partners to develop strategic approaches to preventing, detecting, and
diagnosing animal diseases before they enter this country.

• Federal policies and agencies have limited or ill-defined jurisdic-
tion for the import, sale, and movement of exotic and wild-caught com-
panion animals and of zoo specimens, creating a loophole, allowing a sig-
nificant gap in preventing and detecting emergent diseases.

• The nation lacks a formal and comprehensive-based science and
risk analysis system for anticipating potential challenges to animal health
and for use in policy decisions.

• The supply of veterinarians in research, public health, food sys-
tems, ecosystem health, diagnostic laboratory investigation, and rural
and/or food-animal practice is inadequate.

• Education and training of those on the front lines for recognizing
the signs of animal diseases is inadequate.

• Little national consumer awareness or public investment in main-
taining a viable animal health infrastructure exists.

Based on these gaps, the next chapter provides key opportunities to
strengthen the framework to successfully prevent, detect, and diagnose
animal diseases.
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5

Recommendations for Strenghtening
the Animal Health Framework

INTRODUCTION

As the committee reviewed a group of contemporary zoonotic dis-
ease issues, it became apparent that the convergence of human and ani-
mal diseases has also produced a convergence of public health and ani-
mal health officials, experts, and organizations locally, nationally, and
globally. The critical lesson identified from West Nile virus, severe acute
respiratory syndrome, monkeypox, bovine spongiform encephalopathy,
and other recent zoonotic events is the need for a new strategic partner-
ship and relationship between the public and animal health communities.
This critical need represents a significant gap that should be filled. In this
era of emerging and reemerging zoonoses, there is a distinct lack of coor-
dination and development of strategic partnerships between the human
and animal health communities. It is also a reminder that veterinary medi-
cine is one of the health professions and, as such, is committed by oath to
the improvement of public health.

It has been asserted that 11 of the last 12 significant human epidemics
have been due to zoonotic pathogens (Torrey and Yolken, 2005). Consider-
ing the factors that have led to this new era, there is nothing to suggest that
this trend of emerging and reemerging zoonoses will abate. Consequently,
the animal health framework has new responsibilities and obligations to
address the serious and profound occurrence of this group of diseases.

The challenges and opportunities now faced by the animal health
framework are described throughout this report and are reflected in the
committee recommendations presented here. Future research, training,
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laboratory linkages, global planning, diagnostics, and other features per-
taining to the prevention, diagnosis, and detection of zoonoses now de-
serve urgent attention and should be part of the cornerstone and culture
of the evolving animal health framework. Strategic partnerships in hu-
man health and animal health will likely be fundamental to the future
success of both communities.

COORDINATION OF FRAMEWORK COMPONENTS

Recommendation 1:  The nation should establish a high-level, central-
ized, authoritative, and accountable coordinating mechanism or focal
point for engaging and enhancing partnerships among local, state, and
federal agencies and the private sector.

A centralized coordinating mechanism or focal point could help en-
sure flexibility and strong coordination at the federal, state, and local lev-
els; help minimize duplication of effort; and maximize efficiency in both
resource allocation and function.

A few examples of possible means to accomplish this mechanism
could be through a high-level individual or through a group embedded in
an existing office or an interagency alliance. Alternatively, given the over-
lapping legislative mandates and competition for resource allocations that
affect federal agencies and issues of state versus federal jurisdiction and
authority, a third approach would be to establish a nongovernmental or-
ganization to serve as a central coordinating agency. Such an organization
would function like a domestic version of the World Organization for
Animal Health (OIE), which arbitrates between governments. Another
example of an organization that has some of the properties and function
that a central coordinating body should have is the Southeast Cooperative
Wildlife Disease Study (SCWDS), a state-federal cooperative agency
whose resources are supported and shared by the wildlife agencies of 15
states and Puerto Rico, the U.S. Department of the Interior, and U.S. De-
partment of Agriculture (USDA). The SCWDS is a multiple-purpose pro-
gram that carries out research, performs diagnostics and surveillance of
wildlife diseases, and provides training and consultation to wildlife man-
agers, farmers, landowners, veterinarians, physicians, and the agencies
tasked with safeguarding animal health.

In making these suggestions, however, the committee wishes to clarify
that it was not tasked to analyze all possible mechanisms for implement-
ing Recommendation 1. Furthermore, while there is compelling evidence
of a need for improved coordination in prevention, detection, and diag-
nosis, the committee felt it is premature to recommend a specific system-
wide mechanism prior to examining other parts of the animal health
framework—that is, surveillance, monitoring, and response recovery. The
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two planned successor phases of this study can potentially better address
this issue following examination of the other aspects of the animal health
framework.

Regardless of how a central coordinating mechanism or focal point is
implemented, it will need to promote effective communication among
various stakeholders and with the public during and outside times of ani-
mal disease outbreaks. Opportunities for information sharing between
agencies using electronic information systems should be developed. A
methodical effort should be made to identify and link key databases and
establish protocols for contributing data and for creating alerts. For ex-
ample, subject matter experts in government, industry, and academia will
sometimes need access to information gathered by the intelligence com-
munity. In addition, public-private partnerships are important in long-
term strategic planning. The private sector will always be the beneficiary
of effective animal disease prevention, detection, and diagnostic pro-
grams, but much of the success will depend on the level of private sector
leadership, involvement, and investment.

While the framework will promote effective communication and col-
laboration among different stakeholders, it will also need to ensure that
those on the front lines of disease prevention and detection at the local level
(e.g., field personnel and wildlife management) are fully integrated into the
system of animal health communication and of disease prevention and de-
tection. As was demonstrated during the exotic Newcastle disease outbreak,
private industry, local and regional resources, and a willingness to capital-
ize on expertise located outside the centralized federal animal health sys-
tem allowed a cost-effective and reliable assay to be rapidly developed,
validated, and implemented for disease detection and control. Another spe-
cific example of broad-based local community involvement in animal dis-
ease prevention and detection is described in Box 5-1.

TECHNOLOGICAL TOOLS FOR PREVENTING, DETECTING,
AND DIAGNOSING ANIMAL DISEASES

Recommendation 2:  Agencies and institutions— including the U.S. De-
partment of Agriculture (USDA) and the Department of Homeland Se-
curity (DHS)— responsible for protecting animal industries, wildlife,
and associated economies should encourage and support rapid devel-
opment, validation, and adoption of new technologies and scientific
tools for the prevention, detection, and diagnosis of animal diseases
and zoonoses.

The current animal health framework has been slow to evaluate, vali-
date, and implement new scientific tools and technologies that could sig-

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


136 ANIMAL HEALTH AT THE CROSSROADS

BOX 5-1
Example of Preparedness, Prevention, and Detection

Plan of Action

Wichita County, Kansas, provides an example of a broad-based, local
community prepared to prevent or detect an animal disease outbreak (in-
tentional or nonintentional). Social and public health professional repre-
sentatives of law enforcement, fire, emergency medical services (EMS),
county commission, chamber of commerce, county extension, and Farm
Service Agency joined the animal health community of veterinarians, phar-
maceutical representatives, livestock producers, and others interested and
potentially impacted in the economy. Coordinating this widespread com-
mittee was first prompted by the threat of agroterrorism or a foreign animal
disease outbreak. Many representatives had never met each other and were
not aware of one another’s concerns and issues. Over 6 months, the com-
mittee developed and implemented a preparedness emergency plan for the
county that subsequently became the model for all counties in the state.

Major components of the plan are:
• List of vulnerable entities in each county such as feedlots and live-

stock markets with names and numbers to contact in case of an emer-
gency.

• List of resources such as feedlots with loaders, cooperatives with
fencing materials and feed, and volunteer agencies that would take
care of feeding and housing of workers.

• All entities and agencies involved.
• All emergency team members’ names and contact information.

nificantly enhance animal disease prevention, detection, and diagnostic
capabilities for the United States. Despite a recent surge in activity related
to post-September 11 homeland security efforts and associated focused
funding, the active review and implementation of advancing technolo-
gies is inadequate to protect and enhance the health of the country’s ani-
mal populations and related economies. Existing technological advances,
such as immune system modulators, animal-embedded monitoring (chips
embedded underneath an animal’s skin to monitor temperature and other
physiological indices), and differential vaccines as prevention strategies,
as well as a range of rapid, automated, sensitive, and portable sampling
and assay systems for early warning and reliable diagnosis, are not ad-
equately exploited by the current animal health framework. Early
biodefense warning systems, such as DHS’s BioWatch or private industry’s
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• Notification procedures - courses of action to be taken and imple-
mented on short notice.

• Procedure for emergencies.

Strengths and Challenges of the Coordinated Local Emergency Prepared-
ness Plan:

• Each community sector has knowledge of the diverse capacities and
capabilities of the overall system.

• Each committee member is a liaison for his/her respective agency or
entity and is empowered to speak for his/her organization.

• All committee representatives are holistically and responsibly in-
volved with the coordination of the plan.

• Periodic review of the County Preparedness Plan and participating
agency/entity meetings with “scenario” exercises are critical to keep-
ing the plan fresh and current and in keeping the Plan updated.

• Dispersing prudent reliable information to the media and the public
is extremely important.

• Education of county residents (particularly agricultural) is important,
and should be an ongoing activity, with regard to the care and han-
dling of livestock. Trained and educated livestock producers will uti-
lize best management practices (BMPs) in the prevention, detection,
and diagnoses of animal disease.

Successful preparedness in the event of a foreign animal disease out-
break, intentional or nonintentional, can help eradicate disease and mini-
mize adverse market reaction and economic impact.

gene-based anthrax testing, are designed for rapid detection and identifi-
cation of key pathogens by sampling air in public environments. These
systems have been operating since early 2003 and are meant to assist pub-
lic health experts in rapidly responding to the intentional release of a bio-
logical agent (DHS, 2004a). Early warning technologies have not yet been
adequately evaluated by the animal health infrastructure.

SCIENTIFIC PREPAREDNESS FOR DIAGNOSING ANIMAL
DISEASES: LABORATORY CAPACITY AND CAPABILITY

Recommendation 3:  The animal health laboratory network should be ex-
panded and strengthened to ensure sufficient capability and capacity for
both routine and emergency diagnostic needs and to ensure a robust link-
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age of all components (federal, state, university, and commercial labora-
tories) involved in the diagnosis of animal and zoonotic diseases.

A robust animal health laboratory network will utilize the resources
and expertise located throughout the country for efficiency in routine,
early detection of agents, and provision of surge capacity in the event of
disease outbreaks, whether newly arising, accidental, or intentionally in-
troduced. Federal laboratories should serve as reference laboratories of
the highest caliber and should rely on linkages through the network for
assistance in assay development, standardization, and validation. The
committee has identified five high-priority elements critical to the success
of implementing this recommendation.

Based on the committee’s review of the current operational status of
the National Animal Health Laboratory Network (NAHLN) and the need
for a more robust, broad laboratory network for optimum detection and
diagnosis, the first critical element is for the USDA, in collaboration with the
American Association of Veterinary Laboratory Diagnosticians (AAVLD), to
ensure that all accredited state/university diagnostic laboratories are members of
the network, and that each of these laboratories is appropriately equipped and has
trained staff to perform standardized assays developed and approved for diagno-
sis of high-consequence livestock and poultry pathogens and toxins. This would
ensure that all states with accredited laboratories could actively partici-
pate in the NAHLN at the reference level for multiple diseases and mul-
tiple assay formats, and not just by virtue of performing contract surveil-
lance work for USDA. It would also ensure that diagnostic assays and
systems meet rigorous scientific standards. While the committee agrees
with the concept of including contract laboratories in the NAHLN, the
original concept of building the laboratory system in the United States
that ensures appropriate staffing, equipment, training, and use of stan-
dardized assays should not be lost or abandoned in this redefinition.

A second critical element is adequate quality assurance for network laborato-
ries. There needs to be an independent process to plan, undertake, and
evaluate proficiency testing for all laboratories involved in diagnosis and
detection of animal diseases, including USDA, HHS, state, and other na-
tional laboratories. All network laboratories must meet standards for ac-
creditation, verified by outside, independent review. In addition, USDA,
in collaboration with its diagnostic partners, needs to develop and imple-
ment scientifically rigorous validation procedures for assessment of accu-
racy, precision, and utility of diagnostic assays and disease detection sys-
tems. An independent scientific review process should be utilized to
evaluate and make recommendations for use and application of diagnos-
tic and detection technologies and systems.

A third critical element is formalization of linkages and operational relation-
ships among veterinary diagnostic laboratories, the NAHLN, and the Laboratory
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Response Network for Bioterrorism (LRN). All fully accredited veterinary di-
agnostic laboratories that meet LRN membership requirements should be
in the LRN. Membership of LRN reference laboratories that meet NAHLN
membership requirements in the NAHLN also should be considered,
though the committee did not examine this issue in sufficient depth to
make a recommendation. The processes for laboratory membership in the
NAHLN and the LRN are nearly identical, making joint membership
nearly seamless. Joint membership could include sharing of assay proto-
cols, proficiency testing programs, equipment, and staff as appropriate,
and the networks could work toward standardized messaging for facile
data exchange and mutually understood and approved reporting guide-
lines and requirements. The expected outcomes of this effort would in-
clude: an enhanced laboratory capability and capacity for detection and
diagnosis of multiple agents (including zoonotic pathogens); standard-
ized operating procedures for high-priority diseases that are shared and
utilized by all laboratories in these networks; a common understanding
and adherence to business practices and reporting procedures; and fluid
electronic sharing of data in emergency and routine diagnostic scenarios.
The committee recognizes that additional laboratory networks are under
development, such as the Food Emergency Response Network, and en-
courages sharing of data with these laboratories as necessary and appro-
priate for prevention, detection, and diagnosis of animal diseases.

The 2002–2003 exotic Newcastle disease outbreak in California and
neighboring states clearly showed the advantage of having high contain-
ment facilities at animal laboratories for tissue sampling and laboratory
workup close to the outbreak location. A fourth critical element of a strength-
ened laboratory infrastructure in the United States is expansion of BSL-3 labora-
tory and necropsy space in animal disease diagnostic laboratories for detection
and diagnosis of agents requiring enhanced biological safety.

A major paradigm shift from a focus on the pathology of individual
animals or samples to a holistic diagnostic approach involving the popu-
lation (herd or flock) is needed. Herd-flock diagnostics necessitate consid-
ering the multicausality of disease/health in animal populations, includ-
ing the interactions among management practices, the environment, and
infectious or toxic diseases. A fifth critical element of a robust diagnostic sys-
tem in the United States is the development and application of population-based
diagnostic and detection methodologies.

It will be necessary to improve education and, through research, de-
velop cost-effective, efficient laboratory and field-based diagnostic strate-
gies to diagnose and detect diseases, infectious agents, and toxins affect-
ing herd or flock health. Diagnosticians and clinical epidemiologists are
in a unique position for communication and instruction and should be
encouraged to enhance producer and practitioner awareness and under-
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standing of population-based approaches to diagnose and prevent dis-
ease, whether endemic or exotic. A broad diagnostic outlook for the herd
or flock considering population health, rather than disease in only one or
a few animals, and expanding diagnostic perspectives will increase the
likelihood of early recognition of new or emerging diseases. These efforts
will improve the overall chance of detecting a foreign animal disease
through a broader accession base and increased interest at the farm level,
in the wild, and in companion animals. Inherent in this new strategy of
enhanced prevention and early detection is a means of funding routine
diagnostic testing for indigenous diseases that mimic foreign or exotic
animal diseases.

ANIMAL HEALTH RESEARCH

Recommendation 4:  Federal agencies involved in biomedical research
(both human and veterinary) should establish a method to jointly fund
new, competitive, comprehensive, and integrated animal health re-
search programs; ensure that veterinary and medical scientists can work
as collaborators; and enhance research, both domestically and interna-
tionally, on the detection, diagnosis, and prevention of animal and
zoonotic disease encompassing both animal and human hosts.

This process might be modeled on the National Institutes of Health
(NIH)-administered Interagency Comparative Medicine Research Pro-
gram, an interagency task force model, or some comparable process that
promotes this type of cooperative research agenda.

This recommendation builds on a recommendation in the IOM report
Microbial Threats to Health: Emergence, Detection, and Response, which states:
“NIH should develop a comprehensive research agenda for infectious dis-
ease prevention and control in collaboration with other federal research
institutions and laboratories (e.g., Centers for Disease Control and Pre-
vention, Department of Defense, the U.S. Department of Energy, the Na-
tional Science Foundation), academia, and industry” (IOM, 2003).

The agenda should include collaborative research among veterinary
and medical scientists to provide an integrated research approach to de-
tect and prevent zoonotic diseases infecting both human and animal hosts.
In addition, it should include integrated research on comparative medi-
cine to address interspecies transmission, disease pathogenesis, and host
responses in diverse species including wildlife. Zoonotic strains of avian
influenza, concerted research efforts, and dialogue involving veterinary
and medical scientists are needed to address the most applicable control
measures to be implemented in avian species to block transmission to
humans. Research would not be limited to domestic activities only but
would include the international dimensions, such as developing preven-
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tion, detection, and diagnosis methods closer to the point of infection, and
approaches that invite collaboration with other countries and related
organizations.

One example of an effective research partnership between govern-
ment, academia, and industry is described in Box 5-2.

The committee considered two possible mechanisms or strategies for
implementing this recommendation: the establishment of an independent
advisory group and/or an incentive program. The advantages and disad-
vantages of these alternatives are discussed below.

An independent scientific advisory group to the USDA (including
ARS) with members from academia, industry, and state, federal, and in-

BOX 5-2
Government/Industry/University Research Partnership in

Development of a Preclinical Test for Sheep Scrapie

In 1998, scientists at USDA’s Agricultural Research Service, working in
collaboration with researchers at the Washington State University College
of Veterinary Medicine, the American sheep industry, and a private com-
pany, Veterinary Medical Research and Development, Inc., developed a
preclinical, noninvasive test for scrapie. Scrapie is a degenerative and even-
tually fatal disease that targets the central nervous systems of sheep and
goats. These researchers found that lymphoid tissue in the third eyelid of
sheep collects prions, the unique protein that causes scrapie, bovine
spongiform encephalopathy, chronic wasting disease, and other related
diseases. They also designed a new antibody to identify prions in a sample
of eyelid tissue (O’Rourke et al., 1998, 2000).

There is no cure or treatment for scrapie and scientists do not fully un-
derstand how it is transmitted. Sheep can harbor the disease for up to 5
years before they show signs such as trembling, incoordination, or scraping
against objects. Prior to development of the eyelid test, diagnosis required
recognition of clinical signs and testing of a sample of brain tissue col-
lected from a euthanized animal. Producers with confirmed cases of scrapie
in their flock had to destroy clinically normal animals to obtain the appro-
priate sample for a diagnosis in an effort to eliminate the disease. The abil-
ity to diagnose the disease at a much earlier stage has greatly facilitated
attempts to eradicate it.

This partnership of government scientists, academia, a producer group,
and private industry resulted in the first, and to date, the only validated
preclinical test for a prion-induced disease. The test is approved by USDA
APHIS and is being used in formal eradication programs in North America.
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ternational agencies and composed of scientists with infectious disease,
animal health, and public health expertise could develop and regularly
evaluate and modify a comprehensive, long-term research agenda for ani-
mal and zoonotic disease prevention and detection in collaboration with
other federal research institutions and laboratories. The advantage of such
a group would be to provide a forum for regular exchange of information,
sharing of priorities, and possibilities for priority modification. Further-
more, an advisory group could assist federal grant administrators in de-
veloping requests for interagency funded proposals for important new
areas of animal/zoonotic disease research and emerging animal and
zoonotic disease problems. A distinct disadvantage could occur if this
group were constructed in such a way as to create another layer of ap-
proval or review that would delay the development of new initiatives or
implementations of programs.

The comprehensive research agenda could also include an incentive
program to encourage academic, government, and the private sectors to
partner and to develop novel and effective technologies for the preven-
tion and detection of animal disease both domestically and abroad. As a
financial incentive, federal funding agencies could jointly fund new pro-
grams (such as program grants by multi-investigator teams from the
above sectors) and national centers (integrated zoonotic and wildlife dis-
ease research centers and information centers for collecting, collating, and
monitoring of diagnostic/disease information across species) to foster and
promote collaborative research with the goal to provide an integrated re-
search approach to the detection, diagnosis, and prevention of animal and
zoonotic diseases encompassing human and multispecies animal hosts.
The advantages of an incentive program would be to incorporate more
researchers into the overall strategy to address and control animal dis-
eases and to work and collaborate with other countries on issues of com-
mon concern. A disadvantage can arise if a federally funded program can-
not exert sufficient control in the appropriate time period to obtain the
needed results. The nature of the relationship between federal needs and
academic or private industry contributions would have to be structured
in such a way that there is continual dialogue and sharing of results in a
real-time way.

A more in-depth assessment of national needs for research in animal
health is beyond the scope of this report and is being addressed by a forth-
coming NRC report on Critical Needs for Research in Veterinary Science
(NRC, 2005).

Recommendation 5:  To strengthen the animal health and zoonotic dis-
ease research infrastructure, the committee recommends that competi-
tive grants be made available to scientists to upgrade equipment for
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animal disease research and that the nation construct and maintain gov-
ernment and university biosafety level 3 (BSL-3 and BSL-3 Ag) facili-
ties for livestock (including large animals), poultry, and wildlife.

Biosafety level 3 facilities (including laboratories and animal rooms
for large animals) are needed not only for basic animal disease research,
but also for development and evaluation of vaccines and diagnostics for
exotic, newly emerging, or highly contagious disease threats. Such facili-
ties will also provide the necessary regional surge capacity for sample
and tissue collection and testing from suspect infected animals needed for
evaluation of sick or subclinical cases from multiple disease outbreaks.
The facilities could in addition be used for BSL-3 vaccine production, stor-
age, or evaluation in emergency outbreak situations.

Prior to September 11, 2001, most animal disease research efforts in the
United States were focused on existing indigenous infections of animals
and zoonoses and methods for their detection, treatment, prevention, and
control. Since then, scientists have begun to focus research efforts on both
indigenous and exotic infectious agents of animals and zoonoses in order to
develop potential measures against the inadvertent or bioterrorist intro-
duction of potentially devastating diseases of animals, such as foot-and-
mouth disease (FMD). Without appropriate countermeasures such as resis-
tant animals, vaccines, or treatments, the U.S. animal and food production
systems and related industries are especially vulnerable.

The United States has an extensive system of land-grant universities
with scientists having expertise in various arenas of animal diseases and
zoonoses. Improving and enhancing the infrastructure of these institu-
tions would be an excellent investment of federal dollars to create na-
tional networks of countermeasures for the prevention, detection, and di-
agnosis of emerging and reemerging animal diseases and zoonoses. The
threats of these diseases and bioterror events will continue and likely be
accentuated in future years. The December 2003 detection of the first case
of BSE in the United States illustrates the continual threat of diseases and
their economic impact on both agricultural industries and the national
economy, as well as their importance to public health. Enhancement of
our current infrastructure for animal disease research is essential to
counter the threat of these diseases.

INTERNATIONAL ISSUES

International Interdependence and Collaboration

Recommendation 6:  The United States should commit resources and
develop new shared leadership roles with other countries and interna-
tional organizations in creating global systems for preventing, detect-
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ing, and diagnosing known and emerging diseases, disease agents, and
disease threats as they relate to animal and public health.

As the United States and the rest of the world become increasingly
interdependent, it is essential to identify animal disease risk factors as
they emerge and to focus more attention on the sources and precursors of
infections, rather than wait for them to appear in a particular species in
the United States. Taken collectively, the recent experience with SARS,
West Nile virus, and monkeypox lead to the inescapable conclusion that
globalization, population growth, and expansion of human activity into
previously unoccupied habitats have essentially connected the United
States to potential zoonotic pathogens residing throughout the world. This
new reality necessitates coordinated international collaboration directed
at identifying potential risks worldwide as well as regulatory mechanisms
that minimize the threat of introducing emerging infectious agents into
the United States. U.S. support of these efforts, and the cost of implement-
ing them, should be evaluated relative to the potential risks of animal
disease to disrupt international markets.

By helping to strengthen other countries’ approaches to preventing,
detecting, and diagnosing animal diseases, the United States has an op-
portunity to enhance its own animal health framework. Means to accom-
plish this include exchange of technology between nations where feasible,
and providing training opportunities to international students and veteri-
narians to ensure self-sufficiency and sustainable surveillance. The United
States can also encourage and support the enhancement of critical compe-
tencies within the national services, which includes active participation in
the formulation of international standards and the timely reporting of
zoonotic and exotic diseases. The charge to the committee explicitly states
that it will “review the U.S. system and approach for dealing with animal
diseases,” but the committee regards the international dimension as a criti-
cal component of the U.S. animal health framework. As globalization in-
creases—with more movement of diseases, people, products, pathogens,
and vectors—the United States cannot continue to impose a line between
domestic and international issues.

To operate interdependently means to invest time and resources in
building and working through coalitions, formulating international stan-
dards that could require years for adoption, and building alliances at the
technical level, as well as at the negotiation stages. This is not a short-term
activity and requires that the United States make strategic investments to
share expertise and better understand and appreciate other countries’ cur-
rent infrastructures, levels of advancements, and greatest challenges and
concerns. In determining priority areas, it is important for the United
States to work through, support, and promote the leadership of other
countries to advance issues and standards of importance in a manner
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viewed as balanced rather than unilateral. The approach will require a sig-
nificant investment of time to identify emerging and strategic issues, as
well as active outreach and alliances in place to move the plans forward.

Coalition building in international settings will require working more
interdependently with other countries. Over the years, the United States
has built strong ties with countries with comparable animal health infra-
structures, including Canada, Australia, and New Zealand. Similar out-
reach with emerging countries that are now becoming or will be more
active on the international stage should be an equal priority. Proactive
approaches—including initiatives undertaken to encourage longer and
more sustainable interchanges, sharing of expertise and technical assis-
tance, and pursuing common themes—will build confidence and enable
the sharing of data and information at the scientific as well as political
levels. This approach is most timely for the early identification of issues
associated with the importation, sale, and transport of animals and devel-
oping consensus actions to follow.

Importation, Sale, and Transport of Exotic Animals

Recommendation 7:  Integrated and standardized regulations should be
developed and implemented nationally to address the import, sale, move-
ment, and health of exotic, non-domesticated, and wild-caught animals.

Such a policy needs to include health professionals and laboratory-
based analysis since many wild-caught and exotic animals may carry
pathogens and pose a risk of transmitting disease without demonstrating
clinical signs. As noted in Chapter 4, the monkeypox outbreak highlighted
weaknesses in the animal health framework for addressing a newly emer-
gent zoonotic disease. In particular, while several federal agencies (in-
cluding the U.S. Department of Agriculture, the U.S. Department of the
Interior’s bureau of Fish and Wildlife Service, and the U.S. Department of
Health and Human Services) have roles in preventing, detecting, and di-
agnosing zoonotic and other animal diseases transmitted by exotic ani-
mals, there is a lack of coordinated federal oversight of the animal-cen-
tered aspects of diseases transmitted by exotic animals. Considering that
the emergence of new disease agents occurs most frequently at species
interfaces, monkeypox most likely will not be the last zoonotic microbial
agent to emerge from an exotic animal in the United States.

The expected beneficial result of this recommendation would be bet-
ter traceability of exotic and wild companion animals and imported ani-
mals. It is essential that regulatory responsibilities for all imported, non-
livestock animals be clarified and that the health of these animals be
ascertained by appropriate means at the point of origin before importa-
tion whenever possible, or at the time of importation when necessary.
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ADDRESSING FUTURE ANIMAL DISEASE RISKS

Recommendation 8:  The USDA, DHS, Department of Health and Human
Services, and state animal and public health agencies and laboratories
should improve, expand, and formalize the use of predictive, risk-based
tools and models to develop prevention, detection, diagnostic, and
biosecurity systems and strategies for indigenous, exotic, and emerging
animal diseases.

There has been increased recognition and use of well-structured and
scientifically based mathematical, epidemiological, and risk analysis mod-
els and tools to define acceptable risks and mitigation strategies that can
assist in policy and science-based decision making. Examples include
models of the spread of FMD during the U.K. epidemic, and an assessment
of the risk of BSE to U.S. agriculture, developed by Harvard University’s
Center for Risk Analysis for the USDA (Cohen et al., 2003; Haydon et al.,
2004). Risk analysis and modeling have been criticized, mainly on the ba-
sis of insufficient scientific data or inappropriate assumptions. Therefore,
efforts to develop scientific data on disease transmission, effectiveness of
control programs, economic evaluation, and quantitative assessment of
all factors involved in making policies and regulations need to be priori-
ties of the animal health infrastructure as it works in collaboration with
academia, industry, and global trade partners.

The World Trade Organization (WTO) Agreement on the Application
of Sanitary and Phytosanitary Measures (the SPS Agreement) adopted in
1995 heightens the importance of science- and risk-based tools in evaluat-
ing animal disease risks. The SPS Agreement requires governments to adopt
sanitary and phytosanitary regulations that facilitate trade in an open, non-
discriminatory, and scientific manner. The concept of risk assessment,
which is new for many governments around the world, has risen to the
level of an international obligation. Animal health authorities worldwide
face a collective challenge in developing risk-based tools and practices that
are consistent with their obligations under the SPS Agreement.

Threats from bioterrorism, emerging diseases, and exotic animal dis-
ease introductions create an urgent dimension to preventing or minimiz-
ing catastrophic consequences to the United States and global economies.
Risk-based approaches would proactively address disease threats, iden-
tify sources of infection, and respond to predisposing risk factors, includ-
ing prediction of movement and transmission of disease.

A risk-based approach also calls for committing additional resources
to the assessment of risks and consequences of emerging issues. While
some of this is occurring, it is currently more driven by the observed eco-
nomic consequences in other countries and the perceived losses in the
United States if a disease occurs than by a fundamental change in mindset
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toward a risk-based approach. Taking an approach that builds risk pro-
files and continually monitors and channels intelligence into targeted ini-
tiatives or precise actions, long before the presence of disease is detected,
is a departure from the past and more in line with what needs to occur in
order to allocate resources and efforts effectively. Stakeholders require
such information if they are to conduct business differently. Underscor-
ing the risk-based approach is the importance of having professionals who
have the education and training to assess, manage, and communicate risk
in a manner that supports activities to protect animal health, human
health, and the economy. Good communication and information to stake-
holders, including producers and the public, are important aspects of an
infrastructure that supports risk-based approaches.

EDUCATION AND TRAINING

Recommendation 9:  Industry, producers, the American Veterinary
Medical Association (AVMA), government agencies, and colleges of
veterinary medicine should build veterinary capacity through both re-
cruitment and preparation of additional veterinary graduates into ca-
reers in public health, food systems, biomedical research, diagnostic
laboratory investigation, pathology, epidemiology, ecosystem health,
and food animal practice.

This can be achieved through the design and implementation of train-
ing and educational curricula to better address these areas and by ensur-
ing that licensing agencies accommodate these new capacities. The Vet-
erinary Workforce Expansion Act of 2005, which amends the Public
Health Service Act, will be a useful first step by establishing a competi-
tive grants program to build capacity in veterinary medical education
and expand the workforce of veterinarians engaged in public health prac-
tice and biomedical research. A critical and fundamental component of
this framework is an academic establishment that responds to the nation’s
needs for educating veterinarians, veterinary specialists, veterinary
scientists, and veterinary technologists with the knowledge and skills
needed to address emerging zoonoses, changing food animal practices,
and other challenges.

As noted in Chapter 4, an inadequate veterinary workforce is a grow-
ing problem from the perspective of its distribution, total number, and
range of competencies. Contemporary veterinary medicine and that nec-
essary for the future essentially comprises several major and distinct fields
dealing with such topics as various species of food-animals, small ani-
mals, equine, rural practice (mixed domestic animals), ecosystem health
(including wildlife and conservation medicine), public health, and bio-
medical science. It is equally critical that the human medical and veteri-
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nary professions, including regulators, diagnosticians, veterinary practi-
tioners, and owners, routinely have accurate and timely information in
order to strengthen early detection capability in the animal health infra-
structure.

The committee also recognizes that too few veterinary biomedical sci-
entists and discipline specialists like pathologists are being educated to
meet the nation’s needs. Forty-three percent of veterinary pathology posi-
tions are unfilled, and many pathologists currently working are near re-
tirement (AAVMC, 2004). A previous NRC report, National Need and Pri-
orities for Veterinarians in Biomedical Research (NRC, 2004b), has already
called attention to the paucity of veterinary researchers in biomedical re-
search and provides a strategy for recruiting and preparing more veteri-
narians in careers in laboratory animal medicine, comparative medicine,
and comparative pathology. This committee endorses the recommenda-
tions of that report: to acquaint students with opportunities in compara-
tive medicine throughout veterinary school; increase veterinary school
recruitment of applicants with interest or experience in comparative medi-
cine; effect change in veterinary school curricula; address financial barri-
ers to postgraduate training in comparative medicine; increase the num-
ber of veterinarians in roles supporting biomedical research; and increase
the number of veterinarians serving as principal investigators.

Undergraduate and graduate curricula developed by colleges of vet-
erinary medicine and continuing veterinary education for private practi-
tioners and public (government) service veterinarians must put more
emphasis on the contemporary issues in infectious disease epidemiology,
risk analysis and management, public health, foreign and emerging dis-
eases, zoonoses, wildlife diseases, bioterrorism, and food safety. In addi-
tion, accrediting and licensing agencies and organizations need to be suf-
ficiently flexible to assure that their policies are congruent with this
imperative. While increasing veterinary capacity may require more vet-
erinary graduates, the priority is to produce a professional cadre of veteri-
narians with new skills, knowledge, and abilities that are more respon-
sive to the contemporary and future needs of a changing society. The
committee recognizes the desirability of putting forward a comprehen-
sive strategy to increase veterinary capacity, but developing a strategy is
beyond the scope of this report.

Recommendation 10:  The USDA, state animal health agencies, the
AVMA, and colleges and schools of veterinary medicine and depart-
ments of animal science should develop a national animal health edu-
cation plan focusing on education and training of individuals from all
sectors involved in disease prevention and early detection through day-
to-day oversight of animals.
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Responsibility for implementing the plan would be at the local
level. As noted in Chapter 4, a strong and well-functioning front line
of detection is the backbone of effectively controlling animal disease
outbreaks.

While different levels of education are required for the various tiers
of employees and management, general education and awareness of those
who make daily observations of animals should be promoted in order to
improve skills in detecting infected or diseased animals. Prerequisite criti-
cal education and training, therefore, would include an awareness and
recognition of clinical signs, as well as an elementary understanding of
disease transmission and prevention. In addition, those with day-to-day
oversight of animals need to understand the methods and responsibilities
for reporting and the signs of exotic animal diseases. Basic multilingual
education and training, with awareness and recognition of biosecurity and
implications for breaches in biosecurity, are necessary for those with such
direct oversight of animals, whereas managers and owners need more in-
depth education to promote greater depth and breadth of understanding
of transmission and prevention. Education should be provided formally
in English and Spanish, and other languages as necessary, perhaps
through mobile education units or long-distance education efforts to mini-
mize time off the job.

IMPROVING PUBLIC AWARENESS OF THE ECONOMIC, SOCIAL,
AND HUMAN HEALTH EFFECTS OF ANIMAL DISEASES

Recommendation 11:  The government, private sector, and professional
and industry associations should collectively educate and raise the level
of awareness of the general public about the importance of public and
private investment to strengthen the animal health framework.

Increased investment in this area will help reduce disease transmis-
sion, enhance public and animal health, ensure a secure, economical, and
viable food supply, and improve trade and competitiveness. Increased
public awareness will be critical in supporting and implementing trans-
formations needed to strengthen the framework against animal disease
risks. The lack of a cohesive national advocacy, such as supports public
health, creates a much more difficult environment to increase attention
and investment in the framework for preventing, detecting, and diagnos-
ing animal diseases. These efforts should include food-animals, wildlife,
and companion animals.

In recent years, the news media has given much attention to the un-
precedented spread of avian influenza in Asia in January 2004 that killed
more than 30 people and led to the slaughter of tens of million of chickens
and ducks, the introduction of BSE in the United States, the death of chil-
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dren from E. coli O157:H7 after they ate hamburgers at a fast-food restau-
rant, anthrax-laced letters passing through the U.S. postal service lead-
ing to the death of 5 people and infection of another 11, exposure of
preschoolers to rabies at a petting zoo in Minnesota, the devastating
slaughter of six million British animals in 2001 due to foot-and-mouth
disease (Thompson et al., 2002; Haydon et al., 2004), the steady progress
of an epidemic of West Nile virus encephalitis in humans and horses
across the United States, and the emergence of a new zoonotic disease
agent (SARS) in 2003 that sent shock waves around the world, affecting
even countries with few cases, like the United States. Despite these news
headlines, consumers are largely disconnected from animal agriculture
and complacent about the potential costs and risks of animal disease
events that lack relevance in their daily lives.

Global disease events in recent years, such as FMD, avian influenza,
and BSE, indicate that education and outreach to the consumer, as well as
to animal industries, are critical for early detection, for acceptance and
compliance with regulatory actions and disease control activities, and for
social and economic recovery from catastrophic animal health events. Fol-
lowing detection of BSE in the United Kingdom, contradictory or vague
statements from both government offices and the animal agriculture in-
dustry often unnerved and confused the general public, ultimately weak-
ening public confidence in policymakers and federal regulators. Similar
scenarios have played out with other animal health issues, notably FMD
and chronic wasting disease. Therefore, improved information to the pub-
lic is a critical component of ensuring appropriate levels of public invest-
ment in detection, diagnosis, and prevention activities. The nation’s
framework for addressing animal disease must, of necessity, include a
solid foundation in broad-reaching educational programs aimed at im-
proving society’s understanding of animal diseases. This applies to all
facets of society, including children, consumers, government officials, and
health care professionals.

SUMMARY

Extraordinary changes present new threats to animal health, necessi-
tating prompt action within an animal health framework that has not kept
pace with science and technology or new global realities. Why is animal
health at a critical crossroads? The explosion of human, domestic animal
herds, and some wildlife populations—coupled with increased globaliza-
tion and its industrial development, trade and travel, exploitation of natu-
ral resources, and application of modern technology—has greatly in-
creased the degree of contact among humans, domestic animals, and
wildlife, and with it, the threat of disease. The growing presence and con-
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vergence of just some of these factors calls for a fundamental shift in how
regulatory agencies, educators, livestock producers, and industry envi-
sion their roles. This report provides a starting point for addressing the
needs for improved prevention, diagnosis, and detection. The two
planned successor studies (the first one on surveillance and monitoring,
the second on response and recovery) will build on the conclusions and
recommendations presented in this report. In order to address and to
begin building the infrastructure necessary to address critical needs for
animal health, a new paradigm for strong leadership, vision, and trans-
formational change will be key in developing dialogue and collabora-
tion among stakeholders. Such collaboration will be important in estab-
lishing a mutual understanding that the country’s best interest is to be
more visionary and strategic and to provide more direct support to ef-
forts that focus on preventing disease rather than only combating dis-
ease. This involves:

• Improved development and use of science and technology for pre-
vention and detection.

• Strengthened animal health laboratory networks.
• Comprehensive research with partnered government, academic,

and private sectors.
• A coordinating mechanism for engaging partnerships among lo-

cal, state, federal, and international agencies and the private sector.
• Enhanced global systems for preventing, detecting, and diagnos-

ing diseases.
• A standardized approach for the import, sale, movement, and

health of exotic and wild-caught animals.
• Increased use of risk-based tools and models.
• Increased veterinary capacity and capabilities.
• Improved education and training opportunities for individuals re-

sponsible for day-to-day oversight of animals.
• Increased awareness about the importance of maintaining animal

health.

The evidence discussed in this report provides compelling support
for both fundamental changes in the framework related to prevention,
detection, and diagnosis of animal diseases and for the urgency in making
these changes. The dynamics and realities of today’s world require long-
term planning and decision making that is well integrated among stake-
holders, including international experts and partners. U.S. agencies and
stakeholders will have to make significant improvements in their scien-
tific and technological acumen in order to be competitive and to maxi-
mize U.S. abilities to sustain and protect animal and public health. The
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committee is calling for regulatory and oversight agencies to break with
the past and engage themselves in this expanded, interdependent role.
This will require a large and formal shift away from the introspective
mentality of many stakeholder groups and toward a multilateral, open,
and transparent operational environment.
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AAVLD American Association of Veterinary Laboratory Diagnos-
ticians

AAVMC Association of American Veterinary Medical Colleges
ABSL Animal biosafety levels
AFMIC Armed Forces Medical Intelligence Center (DoD)
AI Avian influenza
AIQ Agricultural inspection and quarantine
APHIS Animal and Plant Health Inspection Service (USDA)
ARS Agricultural Research Service
AVMA American Veterinary Medical Association

BANR Board on Agriculture and Natural Resources
BIA Bureau of Indian Affairs
BLM Bureau of Land Management
BSE Bovine spongiform encephalopathy, also mad cow disease
BSL Biosafety level
BTS Border and Transportation Security (DHS)

CBP Bureau of Customs and Border Protection (DHS-BTS)
CDC Centers for Disease Control and Prevention
CEAH Center for Epidemiology and Animal Health (USDA-

APHIS-VS)
CFSAN Center for Food Safety and Applied Nutrition (FDA)
COE Council on Education (AUMA)
CoV Coronavirus
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CSF Classical swine fever
CSREES Cooperative State Research, Education, and Extension

Service (USDA)
CVB Center for Veterinary Biologics (USDA-APHIS-VS)
CVM Center for Veterinary Medicine (FDA)
CWD Chronic wasting disease

DHS U.S. Department of Homeland Security
DOC U.S. Department of Commerce
DoD U.S. Department of Defense
DOI U.S. Department of the Interior
DOS U.S. Department of State
DVM Doctor of Veterinary Medicine

EID Emerging infectious diseases
EP Emergency Programs
EPA U.S. Environmental Protection Agency
EM Electron microscopy
EMS Emergency medical services
END Exotic Newcastle disease

FAD Foreign animal disease
FADDL Foreign Animal Disease Diagnostic Laboratory
FAO Food and Agriculture Organization
FAS Foreign Agricultural Service (USDA)
FBI Federal Bureau of Investigation
FDA Food and Drug Administration
FEMA Federal Emergency Management Agency
FMD Foot-and-mouth disease
FMDV Foot-and-mouth disease virus
FSIS Food Safety and Inspection Service (USDA)
FWS Fish and Wildlife Service (DOI)

GOARN Global Alert and Response Network

HACCP Hazard analysis and critical control point
HHS U.S. Department of Health and Human Services
HSPD Homeland Security Presidential Directive
HS-Centers University-Based Homeland Security Centers of Excel-

lence

IAIP Informational Analysis and Infrastructure Protection
Directorate
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IOM Institute of Medicine (National Academy of Sciences)
IS International Services (USDA-APHIS)

LRN Laboratory Response Network

NAHLN National Animal Health Laboratory Network
NAVLE North American Veterinary Licensing Examination
NBII National Biological Information Infrastructure (USGS)
NCID National Center for Infectious Diseases (CDC)
NCIE National Center for Import and Export (USDA-APHIS-VS)
NIH National Institutes of Health
NMFS National Marine Fisheries Service (DOC-NOAA)
NOAA National Oceanic and Atmospheric Administration
NPS National Park Service
NSF National Science Foundation
NVAP National Veterinary Accreditation Program (USDA-

APHIS-VS)
NVSL National Veterinary Services Laboratories (USDA-APHIS-VS)
NWHC National Wildlife Health Center (USGS)

OIE Office International des Epizooties, also World Organiza-
tion for Animal Health

OIG Office of the Inspector General

PCR Polymerase chain reaction
PEDV Porcine epidemic diarrhea virus
PIADC Plum Island Animal Disease Center (DHS)
POE Port(s) of entry
PPQ Plant Protection and Quarantine (USDA-APHIS)
PRRSV Porcine respiratory and reproductive syndrome virus

RT-PCR Reverse transcriptase-polymerase chain reaction

SARS Severe acute respiratory syndrome
SECWDS Southeastern Cooperative Wildlife Disease Study
S&T Science and Technology Directorate (DHS)

TGEV Transmissible gastroenteritis virus
TME Transmissible mink encephalopathy
TSE Transmissible spongiform encephalopathy

U.K. United Kingdom
USAHA U.S. Animal Health Association
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USAID U.S. Agency for International Development
USAMRIID U.S. Army Medical Research Institute for Infectious Dis-

eases
USDA U.S. Department of Agriculture
USGS U.S. Geological Survey
USTR U.S. Trade Representative

VMD Veterinariae Medicinae Doctor (Doctor of Veterinary
Medicine)

VPH Veterinary Public Health (WHO)
VS Veterinary Services (USDA-APHIS)

WHO World Health Organization
WNV West Nile virus
WS Wildlife Services (USDA-APHIS)
WTO World Trade Organization
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Appendix B

Glossary of Terms

Animal biosafety level 3 (ABSL-3) facilities: Involves practices suitable
for work with animals infected with indigenous or exotic agents that
present the potential of aerosol transmission and of causing serious or
potentially lethal disease. ABSL-3 builds upon the standard practices, pro-
cedures, containment equipment, and facility requirements of ABSL-2.

Animal health framework: The collection of organizations and partici-
pants in the public and private sectors who are directly responsible for
maintaining the health of all animals who are impacted by animal disease
or influence its determinants.

Antiviral: Destroying or inhibiting the growth and reproduction of viruses.

Assay: Qualitative or quantitative analysis of a substance. In the context
here, assay refers to determining presence of a toxin, chemical, infectious
agent, or antibodies to an agent.

Avian influenza (AI): A disease of viral etiology that ranges from a mild
or even asymptomatic infection to an acute, fatal disease of chickens, tur-
keys, guinea fowls, and other avian species, especially migratory water-
fowl (1,2,3,4,8,9,10,11).

Biosafety level: Laboratories are assigned a classification (levels 1 to 4)
based on the risk to human health of handling certain types of organisms.

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


174 APPENDIX B

Level 1 laboratories are designed for low-risk work; level 4 laboratories
can handle organisms that pose the most serious risks.  Laboratories at
each classification level must meet different design criteria and conform
to different operating procedures.  The University of Georgia AHRC
building will house level 2 and 3 laboratories.

Biosafety level 1 (BSL-1) is used for working with agents having no
known or minimal hazard to laboratory personnel and the environment;
the organisms are unlikely to cause illness in people or animals.

• Work is generally conducted on open bench tops with standard
microbiological practices.

• Examples: Bacillus subtilis, nonpathogenic E. coli

Biosafety level 2 (BSL-2) is suitable for work involving agents of moder-
ate potential hazard to personnel and the environment.  Should a person
become infected, treatment is available, and the risk of spreading the in-
fection to others is low.

• Any laboratory procedure with these agents that may create an
aerosol must be done within a biological safety cabinet.

• Examples: Salmonella spp., Shigella spp., most animal viruses

Biosafety level 3 (BSL-3) is applicable to work done with agents that may
cause serious illness to people or animals but cannot spread easily to oth-
ers; treatment is available.

• All procedures involving the manipulation of infectious materials
must be done within biological safety cabinets or other appropri-
ate containment devices. The laboratory has special engineering
and design features including separation from traffic flow, water-
resistant surfaces for cleaning, sealed windows, and ducted ex-
haust air ventilation.

• Examples: virulent Newcastle disease virus, HIV research level,
Coxiella burnettii (Q fever), E. coli 0157:H7

Bioterror: A form of terrorism that employs the use of biological and
chemical weapons.

Bovine tuberculosis: Tuberculosis in cattle caused by infection with the
bacterium Mycobacterium bovis, which can be transmitted to other animals
and to humans.

Brucellosis: A disease of domestic animals, such as cattle, sheep, goats,
and dogs, that is caused by brucellae and sometimes results in spontane-
ous abortions in newly infected animals. In humans it is caused by any of
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several species of Brucella and marked by fever, sweating, weakness, and
headache. It is transmitted to humans by direct contact with diseased ani-
mals or through ingestion of infested meat, milk, or cheese.

Cervid: Any of various hoofed ruminant mammals of the family Cervidae,
characteristically having deciduous antlers borne chiefly by the males. The
deer family also includes the elk, moose, caribou, and reindeer.

Classical swine fever (CSF): A highly contagious, deadly disease of
swine, also known as hog cholera.

Coronavirus: Any of various single-stranded, RNA-containing viruses
that cause respiratory infection in humans and resemble a crown when
viewed under an electron microscope because of their petal-shaped pro-
jections.

Chronic wasting disease (CWD): A transmissible spongiform encephal-
opathy (TSE) affecting elk and deer (cervids) in North America.

Endemic: The pattern of disease characterized by a sustained level of dis-
ease over time.

Epidemic: The pattern of disease characterized by an increase in fre-
quency of disease above the expected for the population.

Exotic animal disease: Diseases such as SARS and monkeypox that are
new and/or emerging diseases, but which are not listed by OIE. In the
report, the term refers to any animal disease caused by a disease agent
that does not naturally occur in the United States.

Exotic Newcastle disease (END): A contagious and fatal viral disease af-
fecting all species of birds.

Foot-and-mouth disease (FMD): A highly contagious viral infection pri-
marily of cloven-hoofed domestic animals (cattle, pigs, sheep, goats, and
water buffalo) and cloven-hoofed wild animals. The disease is character-
ized by fever and vesicles with subsequent erosions in the mouth, nares,
muzzle, feet, or teats.

Foreign animal disease (FAD): Long-standing diseases that have been
kept out of the United States (e.g., FMD, CSF, BSE, rinderpest, etc.) and
that are listed by OIE (list A and list B). In the report, the term refers to an
exotic animal disease limited to agricultural animals.
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Hog cholera: A highly contagious viral disease of swine that occurs in an
acute, subacute, chronic, or persistent form. In the acute form, the disease is
characterized by high fever, severe depression, multiple superficial and in-
ternal hemorrhages, and high morbidity and mortality. In the chronic form,
the signs of depression, anorexia, and fever are less severe than in the acute
form, and recovery is occasionally seen in mature animals.

Infectious: Capable of causing infection; communicable by invasion of
the body of a susceptible organism.

Johne’s disease: A chronic inflammatory bowel disease, primarily in
cattle, caused by Mycobacterium paratuberculosis.

Monkeypox: A rare viral disease that is found mostly in the rain forest
countries of central and western Africa. The disease is called
“monkeypox” because it was first discovered in laboratory monkeys in
1958.

Necropsy: An examination and dissection of a dead body to determine
cause of death or the changes produced by disease.

Pandemic: An epidemic that occurs worldwide.

Pathogen: Disease-producing organism.

Polymerase chain reaction: A technique for amplifying DNA sequences
in vitro by separating the DNA into two strands and incubating it with
oligonucleotide primers and DNA polymerase. It can amplify a specific
sequence of DNA by as many as one billion times and is important in
biotechnology, forensics, medicine, and genetic research.

Prion: A microscopic protein particle similar to a virus but lacking nucleic
acid, thought to be the infectious agent responsible for scrapie and certain
other degenerative diseases of the nervous system.

Protozoa: Any of a large group of single-celled, usually microscopic, eu-
karyotic organisms, such as amoebas, ciliates, flagellates, and sporozoans.

Pseudorabies: A highly contagious herpes virus infection of animals (es-
pecially pigs) that affects the central nervous system.
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Q fever: A disease that is characterized by high fever, chills, muscular
pains, headache, and sometimes pneumonia, that is caused by a rickett-
sial bacterium of the genus Coxiella (C. burnetii) of which domestic ani-
mals serve as reservoirs, and that is transmitted to humans especially by
inhalation of infective airborne bacteria (as in contaminated dust).

Rinderpest: An acute, often fatal, contagious viral disease, chiefly of
cattle, characterized by ulceration of the alimentary tract and resulting in
diarrhea.

SARS (Severe acute respiratory syndrome): A viral respiratory illness
caused by a coronavirus, called SARS-associated coronavirus (SARS-
CoV).

Serology: The science that deals with the properties and reactions of se-
rums, especially blood serum, and typically relates to the testing of sera
for antibodies against viruses or bacteria.

Surveillance: An active, systematic, ongoing, and formal process aimed
at early detection of a disease, an agent, or elevated risk of disease in a
population.

Toxin: A poisonous substance produced during the metabolism and growth
of certain microorganisms and some higher plant and animal species.

Transmissible spongiform encephalopathy (TSE): Examples include,
but are not limited to, the following diseases: feline spongiform encepha-
lopathy, bovine spongiform encephalopathy, chronic wasting disease, and
scrapie. See individual species.

Vaccine: Substance administered to animal to stimulate its defense
mechanism.

West Nile virus (WNV): The mosquito-borne virus that causes West Nile
fever, one of the flaviviruses, a family of viruses also responsible for den-
gue, yellow fever, and tick-borne encephalitis virus; like the other
flaviviruses, WNV is a positive-strand RNA virus containing three struc-
tural proteins and a host-derived lipid bilayer.

Zoonoses: Diseases caused by infectious agents that can be transmitted
between (or are shared by) animals and humans.
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Service (ARS)
1.2.4.3 DHS-Science and Technology

(S&T) Directorate,

1.2.4.4 DHHS - NIH
1.2.4.5 DOD—US Army Medical Research, Institute

of Infectious Diseases (USAMRIID)
1.2.5 Emergency Response and Communication

1.2.5.1 Existing Federal Emergency Response
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1.2.5.3 Communication
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2.1 The Department of the Interior (DOI), US Fish and Wildlife

Service (FWS)
2.2 The Department of Interior, Bureau of U.S. Geological

Survey (USGS), Biological Resources Division (BRD),
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Information Infrastructure (NBII) Programs
2.3.1 The NBII Wildlife Disease Information
Node (WDIN)

2.4 USDA-APHIS-VS’ Wildlife Service (WS)
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3.1 Department of Commerce, National Oceanic
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4 FOOD SAFETY
4.1 USDA-FSIS
4.2 FDA
4.3 CDC
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ACRONYMS AND ABBREVIATIONS

AAVLD American Association of Veterinary Laboratory
Diagnosticians

AFMIC DoD-Armed Forces Medical Intelligence Center
AIQ Agricultural inspection and quarantine
APHIS USDA Animal and Plant Health Inspection Service
AEOC APHIS Emergency Operations Center
ARS Agricultural Research Service
AVIC Area veterinarian in charge

BSE Bovine spongiform encephalopathy, also mad cow
disease

BSL Biosafety level
BTS Border and Transportation Security (DHS)
CBP Bureau of Customs and Border Protection (DHS-BTS)
CADIA Center for Animal Disease Information and Analysis

(CEAH)
CDC Centers for Disease Control and Prevention
CEAH Center for Epidemiology and Animal Health (USDA-

APHIS-VS)
CFSAN Center for Food Safety and Applied Nutrition (FDA)
CIA Central Intelligence Agency
CSREES USDA- Cooperative State Research, Education, and

Extension Service
CVB Center for Veterinary Biologics (APHIS-VS)
CVM Center for Veterinary Medicine (FDA)
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DHS U.S. Department of Homeland Security
DHHS U.S. Department of Health and Human Services
DOC U.S. Department of Commerce
DOE U.S. Department of Energy
DoD U.S. Department of Defense
DOI U.S. Department of Interior
DOJ U.S. Department of Justice
DOS U.S. Department of States
DOT U.S. Department of Transportation

EPA U.S. Environmental Protection Agency
EMS Emergency Management Response

FAD Foreign animal diseases
FADD Foreign animal disease diagnostician
FADDL Foreign Animal Disease Diagnostic Laboratory
FAS Foreign Agricultural Service (USDA)
FBI Federal Bureau of Investigation
FDA Food and Drug Administration
FEMA Federal Emergency Management Agency
FMD Foot-and-mouth disease
FSIS Food Safety and Inspection Service
FWS U.S. Fish and Wildlife Service

HHS U.S. Department of Health and Human Services
HSPD Homeland Security Presidential Directive
HS-Centers University-Based Homeland Security Centers of

Excellence

IAHI International animal health information
INS Immigration and Naturalization Service (DOJ)
IS International Services (USDA-APHIS)

JSA Joint Subcommittee on Aquaculture

LRN Laboratory Response Network

MOU Memorandum of understanding

NAAHC North American Animal Health Committee
NADC National Animal Disease Center (USDA-ARS)
NAHEMS The National Animal Health Emergency Management

System
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NAHLN National Animal Health Laboratory Network
NAHMS National Animal Health Monitoring System
NAHRS National Animal Health Reporting System
NBII National Biological Information Infrastructure (USGS)
NBACC National Biodefense Analysis Countermeasure Center

(DHS-S&T)
NCIE National Center for Import and Export (USDA-APHIS-

VS)
NCID National Center for Infectious Diseases (CDC)
NMFS National Marine Fisheries Service (DOC-NOAA)
NIAA National Institute of Animal Agriculture
NIC National Incidence Coordinator (USDA)
NIMS National Incident Management System
NOAA National Oceanic and Atmospheric Administration
NRMT USDA-APHIS-National Response Management Team
NRP National Response Plan
NSS National Surveillance System (USDA-APHIS-VS)
NSU National Surveillance Unit (USDA-APHIS-VS)
NVSL National Veterinary Services Laboratories (USDA-

APHIS-VS)
NWHC National Wildlife Health Center (USGS)
NWRC National Wildlife Research Center (APHIS-VS)

OIE Office International des Epizooties
OIG Office of Inspector General

PIADC Plum Island Animal Disease Center (DHS)
POE Port(s) of entry
PPQ Plant Protection and Quarantine (USDA-APHIS)

READEO Regional Emergency Animal Disease Eradication
Organization (APHIS-VS)

S&T Science and Technology Directorate (DHS)
SITC Smuggling Interdiction and Trade Compliance
SCO State Coordinating Officer

TECS Treasury Enforcement Communications System (U.S.
Treasury)

USAHA U.S. Animal Health Association
USAIP U.S. Animal Identification Plan
USARMRIID U.S. Medical Research Institute for Infectious Disease
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USDA U.S. Department of Agriculture
USERPS U.S. Emergency Response Plan System
USFWS U.S. Fish and Wildlife Service
USGS U.S. Geological Survey
USTR U.S. Trade Representative

VMO Veterinary medical officer
VS Veterinary Services (USDA-APHIS)

WDIN Wildlife Disease Information Node (USGS)
WS Wildlife Services (USDA-APHIS)
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EXISTING FEDERAL SYSTEM FOR
ADDRESSING ANIMAL DISEASES

During the past 10 years, emerging and reemerging pathogens have
become a major human and animal health concern.  The globalization of
trade, increased international travel, changing weather patterns, rapid
population growth in cities, intensive agriculture, limited genetic diver-
sity in farm animals, and changes in farm practices are creating new op-
portunities for the reemergence and spread of infectious diseases in both
humans and livestock.1  Reservoirs of infection in the wild also pose con-
stant and increasing threats to domestic livestock population.2   Cost of
losses from disease in livestock and poultry in the United States is cur-
rently estimated at over $17.5 billion dollars per year.3   Further, nearly
200 zoonotic diseases can be naturally transmitted from animals to man.4

Rapid diagnostic tests, novel genetic vaccines, vigilance in monitor-
ing and surveillance, and increased biosecurity measures will be needed
to effectively detect and control emerging diseases and to prevent future
animal disease outbreaks.  Expanded research will also be needed to ac-
celerate the development of information and technologies for the protec-
tion of U.S. livestock, poultry, wildlife and human health against zoonotic
diseases.  A complex infrastructure for protecting animal health has arisen
at the federal level from a number of statutory mandates and regulatory
authorities.  This infrastructure is based on a large number of program-
matic components of several federal agencies.   A flow diagram of the
existing organizational web of the major agencies involved in efforts to
ensure animal health in the United States is presented in Figure C-1.

This paper outlines the existing legal authorities that establish the ex-
isting federal infrastructure for addressing animal diseases.  Program-
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matic activities to carry out the following functions: deterrence and pre-
vention, monitoring and surveillance, detection and diagnosis, research
and education, and emergency response and communication, are profiled
in details for key federal agencies that are directly involved in the man-
agement of farm animal health, disease prevention and monitoring, and
response to disease outbreaks.  Readily available budget and capacity in-
formation is also summarized for several key USDA agencies and DHS.
Because of the potential for wildlife to impact farm animals, the program-
matic functions performed by federal agencies involved in the manage-
ment of wildlife diseases are also profiled. Since fisheries are part of the
U.S. agricultural system, federal agencies responsible for their health man-
agement are also described, albeit in a limited form, in this report.  Fi-
nally, diseases in farm animals could have direct impact food safety; thus,
federal agencies managing food safety are briefly summarized.
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1.1 LEGAL FRAMEWORK

The USDA Animal and Plant Health Inspection Service (APHIS) has
the lead role in protecting animal health. The Animal Health Protection
Act passed into law on May 13, 2002, (Public Law 107-171; Farm Security
and Rural Investment Act of 2002, 116 Stat. 134) repealing previous Ani-
mal Health and Quarantine laws and providing the Secretary of USDA
broad authority and discretion to prevent, detect, control, and eradicate
diseases and pests of animals.5  Animal disease means any infectious or
noninfectious disease or condition affecting the health of livestock or any
condition detrimental to production or marketing of livestock.6  The Sec-
retary of USDA has delegated the responsibility to APHIS.

Within APHIS, the majority of the responsibility to protect animal
health resides in Veterinary Services (VS). VS also derives its authorities
from the Virus-Serum-Toxin Act of 1913. Recently, the Agricultural
Bioterrorism Protection Act added responsibilities for overseeing agents or
toxins deemed a severe threat to animal health.7 ,8  Other USDA agencies,
including the USDA Agricultural Research Services (ARS) and the USDA
Cooperative State Research, Education, and Extension Service (CSREES),
also play critical roles in protecting animal health. The legal and regulatory
foundation for APHIS and other USDA agencies that engage in activities to
address agricultural animal diseases are summarized in Table C-1.

Interstate and Foreign Quarantine regulations (42 CFR70 and 71) au-
thorize the Secretary of the Department of Health and Human Services
(DHHS), through the Centers for Disease Control and Prevention (CDC)

1 FARM ANIMALS
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to make and enforce regulations to prevent transmission of infectious dis-
ease from foreign countries into the United States. Under these authori-
ties, CDC can set policy to embargo certain animals from entering the
United States.9  Title III of the Bioterrorism Act provides the Secretary of
the Department of Health and Human Services with new authorities to
protect the nation’s food supply. DHHS legal authorities in addressing
animal diseases are summarized in Table C-1.

The Public Health Security and Bioterrorism Preparedness Response
Act requires notification and controls on the movement of agents or tox-
ins deemed to be a threat to animal or plant health and to animal and
plant products. To prevent the incursions of adverse animal health events,
USDA-APHIS units are working with DHHS to implement the provisions
of this act.23

The Homeland Security Act of 2002 establishes the Department of
Homeland Security (DHS) and its directorates. More than 22 federal agen-
cies were consolidated into the new department, including components
of the USDA-APHIS that conduct inspection and animal quarantine ac-
tivities at U.S. ports and Plum Island Animal Disease Center (PIADC).24

Table C-2 provides a description of statutory authorities for the various
DHS directorates with Homeland Security programmatic responsibilities
that are either directly or indirectly addressing animal diseases.

1.2 FUNCTIONS

As authorized by various laws and regulations, the USDA agencies’
programs that address agricultural animal health cover a wide range of
functions. In this paper, these functions are grouped as follows: deter-
rence and prevention, monitoring and surveillance, detection and diag-
nosis, emergency response, research, education and training, and com-
munication. The programmatic activities that address these functions by
various USDA agencies are summarized in Table C-3. Other federal agen-
cies carry out a number of these functions to protect agricultural animal
health. In the following sections, existing programs at USDA and other
federal agencies performing these functions are described in more detail.

1.2.1 Deterrence and Prevention

Deterrence and prevention are considered the first lines of defense
against the introduction of animal and plant pests and pathogens from
foreign or domestic sources.35  Several strategies are involved including
global and regional strategies that are directed at reducing a potential
threat before it reaches the U.S. borders, and border strategy that focuses
on interdicting a threat agent at U.S. ports of entry.36
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202 APPENDIX C

1.2.1.1 Border Strategy

On November 21, 2002, President Bush signed legislation creating the
Department of Homeland Security (DHS) to unify federal forces and pro-
tect the nation from a new host of terrorist threats. Approximately 2,600
employees from APHIS’ Agriculture Quarantine and Inspection (AQI)
force became part of DHS’ Border and Transportation Security’s Bureau
of Customs and Border Protection (CBP) on March 1, 2003.37  This net-
work of veterinary inspectors and animal health inspectors at all U.S. ports
of entry is the first line of defense in identifying materials entering the
United States that may be introducing foreign animal diseases. A sum-
mary of the programmatic elements and functions of the DHS’ CBP is
provided in Table C-4.

Although DHS is now responsible for protecting the nation’s border,
APHIS through risk assessment, pathway analysis, and rule making, con-
tinues to set agricultural policy, including specific quarantine, testing, and
other conditions under which animals, animal products and veterinary
biologics can be imported, which is then carried out by DHS.38  At ports of
entry, there are also USDA-APHIS-VS port veterinarians who inspect live
animals at border ports and animals in quarantine until testing is com-
pleted. They are located at 43 VS office areas and report to the veterinar-
ian in charge of the VS-Area Office.39  With agricultural border inspectors
now being a part of the DHS, VS has identified the need for developing
new protocol for training and interacting with these inspectors and the
need to work with DHS to implement improvements recommended in
the Animal Health Safeguarding Review regarding exclusion activities in
its strategic plan.40

The Foreign Quarantine regulation (42 CFR Part 71.54, Etiologic Agents,
Hosts, and Vectors) governs the importation of hazardous materials (etio-
logic agents, vectors and materials containing etiologic agents. 51  CDC has
established regulations that govern the importation of dogs, cats, turtles,
monkeys, other animals, and animal products capable of causing human
disease. Under these regulatory authorities, CDC has established embargo
on monkeys and other animals that could carry the monkeypox virus and
on birds from specified Southeast Asian countries.52  At present, the CDC-
National Center for Infectious Diseases (NCID), Division of Global Migra-
tion and Quarantine has quarantine stations in Atlanta, New York, Miami,
Chicago, Los Angeles, San Francisco, Seattle, and Honolulu. The quaran-
tine operations involve coordination of numerous agencies, including:53

* Epidemic Intelligence Service (EIS) and other parts of CDC
* State and local health departments
* Customs and Border Protection (DHS)
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* U.S. Department of Agriculture
* U.S. Fish and Wild Life Service
* The aircraft and maritime industry

The APHIS National Center for Import and Export (NCIE) also works
to facilitate international trade, monitors health of animals presented at
border, regulates import and export of animals, animal products and
biologics, diagnoses foreign and domestic animal diseases. This APHIS
center works in partnership with DOI’s Fish and Wildlife Service, APHIS
Plant and Protection Quarantine and DHS’s CBP54

1.2.1.2 Offshore Strategy

 Offshore activities are designed to mitigate pest and pathogen threats
to the United States at points of origin. APHIS’ International Service (IS),
through international contacts, gathers and exchanges information on
plant and animal health. APHIS-IS cooperates in major surveillance, eradi-
cation, and control programs in foreign countries, focusing on nations
where economically significant pests or diseases are found. It has imple-
mented the Offshore Pest Information System to monitor and document
changes in distribution and outbreak status of specific, designated high
risk exotic pest plants and animal diseases, including pathways, in their
countries of origin. APHIS-IS currently has 64 foreign service officials sta-
tioned in 27 countries on six continents.55  These APHIS personnel are en-
gaged in surveillance and barrier programs, import and export trade fa-
cilitation, and commodity preclearance programs.56

USDA-ARS also operates six overseas locations for research on bio-
logical control of pests and pathogens. The research contributes to accu-
rate identification of foreign pests and pathogen species; knowledge of
basic biology; habitat characterization; assessment of ecological require-
ments; knowledge of limiting environmental conditions and patterns of
occurrence; climate matching; and identification of potential control
agents for foreign species. These programs target primarily unintentional
threats. 57

USDA-APHIS-VS’ Center for Epidemiology and Animal Health
(CEAH) is a collaborating center of the Office International des Epizooties
(OIE) for Animal Disease Surveillance and Risk Analysis. The OIE serves
as the world animal health organization. The VS’ Center for Veterinary
Biologics (CVB) and National Veterinary Services Laboratories (NVSL)
participate as collaborating centers for the Diagnosis of Animal Diseases
and Vaccine Evaluation in the Americas through their involvement in the
Institute for International Cooperation in Animal Biologics. The NVSL
also serves as an OIE reference laboratory for numerous diseases and pro-
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vides training, consultation, and assistance to both domestic and interna-
tional laboratories. As collaborating centers and reference laboratories,
VS provides training, consultation, and other services to OIE mem-
bers.58 ,59

1.2.1.3 Early Detection and Intelligence

In recent years, a few USDA staff have been detailed to intelligence
and law-enforcement organizations. However, from the review of the
these activities, the National Academy of Science has indicated in a 2003
report that it is unclear what information or approaches have been gleaned
from these details, or whether findings have been incorporated or used by
USDA.60  Recent inquiries also showed that APHIS coordinates with DoD-
Armed Forces Medical Intelligence Center (AFMIC) on intelligence infor-
mation through detailing its intelligence analysts.61  AFMIC is a field pro-
duction activity of the Defense Intelligence Agency and the sole DoD
producer of medical intelligence. The Center provides all source intelli-
gence on worldwide infectious disease and environmental health risks.
AFMIC maintains extensive databases; monitors foreign research, devel-
opment, production, and transnational flow of medical materiel for mili-
tary interest; and provides intelligence liaison services. APHIS intelligence
analysts detailed at AFMIC review AFMIC data and coordinate monthly
meetings on domestic and international threats for APHIS.62

The DHS Information Analysis and Infrastructure Protection (IAIP)
Directorate gathers and assesses intelligence and information about
threats and vulnerabilities from other agencies and takes preventive and
protective action. The Department of Commerce’s Critical Infrastructure
Assurance Office (CIAO) and the FBI’s National Infrastructure Protection
Center were folded into this directorate. Agriculture and food are 2 of 14
critical infrastructure and key assets identified in the President’s National
Strategy for Homeland Security and thus fall into the domain of the IAIP
Directorate.

Recently issued, the Homeland Security Presidential Directive/HSPD-9
establishes policy to defend the agriculture and food system against
terrorist attacks, major disasters, and other emergencies.63  The directive
makes the DHS responsible for coordinating federal programs aimed at
protecting U.S. agriculture and food from diseases, pests, and toxins. In
coordination with the Secretaries of USDA, HHS, and the Administrator
of EPA, the Attorney General, the Secretary of DHS, and the Director of
CIA are to develop and enhance intelligence operations and analysis ca-
pabilities focusing on the agriculture, food, and water sectors (section 9,
HSPD-9). The heads of Interior, Agriculture, Health and Human Services,
the Administrator of EPA, and other agency heads are responsible for
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expanding the current monitoring and surveillance programs (section 8,
HSPD-9) to develop:

• Robust, comprehensive, and fully coordinated surveillance and moni-
toring systems, including international information, for animal disease, plant
disease, wildlife disease, food, public health, and water quality that provides
early detection and awareness of disease, pest, or poisonous agents.

• Tracking system for specific animal, plants, commodities of food.
• Nationwide laboratory networks for food, veterinary, plant health,

and water quality that integrate existing federal and state laboratory re-
sources.

Additionally, the Secretary of DHS is directed to provide a report on
options of creating a new biological threat awareness capacity that is based
on this upgraded surveillance system to enhance detection and character-
ization of an attack. This report is not yet available at the preparation of
this paper.

1.2.2 Monitoring and Surveillance

APHIS defines monitoring as the routine collection of information for
a disease condition, characteristic, or state in an animal population; and
surveillance as the analyses of the collected data.64  A surveillance system
that provides adequate early information about diseases and other ani-
mal health situations is crucial for rapid response. APHIS considers sur-
veillance as the foundation for its Veterinary Services (VS) program ac-
tivities, which include: domestic disease control and eradication
programs, emergency preparedness, response, and trade. The APHIS
Animal Health Monitoring Surveillance program is mandated by the Ani-
mal Health Protection Act and is conducted through partnerships with
states, industry, and other federal agencies.

1.2.2.1 Current Animal Health Surveillance Program

The APHIS-VS Centers for Epidemiology and Animal Health (CEAH)
in Fort Collins, Colorado, administers the National Animal Health Moni-
toring System (NAHMS) and other surveillance efforts. NAHMS collects,
analyzes, and disseminates data on animal health, management, and pro-
ductivity across the United States. APHIS officials collaborate with state
and other federal agencies to conduct animal health surveillance activi-
ties, including: pre- and post-entry testing of imported animals, sample
collection at slaughter, and routine testing of animals for export and inter-
state movement. APHIS also conducts surveillance for domestic animal
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disease eradication programs, such as for brucellosis, tuberculosis, chronic
wasting disease, and others.65 ,66

The National Animal Health Reporting System (NAHRS) is a joint
effort of the U.S. Animal Health Association (USAHA), the American As-
sociation of Veterinary Laboratory Diagnosticians (AAVLD), and the
USDA-APHIS. It is a reporting system designed to collect data on the
presence of confirmed Office International des Epizooties (OIE) List A
and B clinical diseases in commercial livestock, poultry, and aquaculture
species in the United States. Using well defined reporting criteria, the chief
animal health official of the state reports OIE List A and B clinical diseases
for his or her state. USDA APHIS VS utilizes the data to complete
monthly/annual animal disease status reports to OIE and to support trade
negotiations. The report utilize multiple sources in reporting to OIE (the
United States has been reporting for 25 years).67  Figure C-2 describes the
NAHRS data flow.

APHIS also conducts surveillance for early identification of foreign
animal diseases (FAD). Surveillance is based on clinical symptoms
(syndromic). Throughout the United States, APHIS has foreign animal
disease diagnosticians (FADD) who are available within a 4-hour drive of
any continental U.S. location. This is a network of 3-4,000 accredited vet-
erinarians nationwide and about 400 state veterinarians.69  The FADDs
are especially trained to recognize, test, and diagnose FADs at Plum Is-

FIGURE C-268
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land. Samples are collected and confirmatory tests are carried out. Tissue
samples are sent to the DHS Plum Island Animal Disease Center or to the
NVSL in Ames, Iowa, to rule out the presence of a FAD. The total number
of FAD investigations in the United States has increased over the last few
years. In FY 2002, VS FADDs conducted 837 investigations, an increase from
801 in FY 2001.70  The scenario of a FAD involving live animals entering the
United States is not likely, given the safeguards at ports of entry. More likely
scenarios are passengers bringing in the virus inadvertently or intentionally.71

1.2.2.2 Animal Health Surveillance Enhancement at USDA

The demands of detecting foreign and emerging animal diseases,
monitoring disease trends and threats in the United States and abroad,
and providing adequate animal health information to various audiences
require a flexible and dynamic surveillance system. Toward this goal, in
October 2003, APHIS created the national surveillance unit (NSU) as the
operational unit for the development of the National Surveillance System
(NSS). It is a unit within the Center for National Surveillance at the
VS-CEAH. Also created are several new positions to improve coordina-
tion of surveillance activities, including a National Surveillance Coordi-
nator and a FSIS liaison. The main task of the appointed NSS Coordinator
is to enhance and integrate national animal health surveillance to imple-
ment the enhancements recommended in the National Association of State
Departments of Agriculture Animal Health Safeguarding Review and to
facilitate effective interaction between APHIS and other federal agencies
and stakeholders with surveillance activities. 72 ,73  Additional positions
will be created at the NVSL and at the CEAH. In addition, several work-
ing groups, including a field implementation team, are being developed
or are already in place.74

1.2.2.3 National Animal Identification and Tracking System

In collaboration with industry and stakeholders, VS is developing a Na-
tional Animal Identification System to meet current and future animal health
needs of American agriculture. The National Identification Development
Team, a group of over 70 individuals representing over 30 organizations has
developed the U.S. Animal Identification Plan (USAIP, see box). During the
next 5 years, VS will also implement a new electronic permit system. This
system will draw data from numerous sources, such as the ePermits system
and Import/Export databases, by identifying key electronic linkages between
these sources. This system should improve customer service and allow better
tracking of products imported into the United States.75 ,76
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The United States Animal Identification Plan (January 2004)77  has evolved
from the initial report, the National Identification Work Plan, that was pre-
sented at the 2002 USAHA meeting, with the recommendation that the
USDA APHIS establish a joint state, federal, and industry group to further
advance the work plan. Throughout 2003, approximately 100 animal and
livestock industry professionals representing more than 70 associations,
organizations, and government agencies, have formed the National Identi-
fication Development Team (NIDT) and worked to advance the work plan.
This national identification and tracking plan will enhance disease pre-
paredness by rapidly identifying animals exposed to disease, thus allowing
quick detection, containment, and elimination of disease threats. When
operational, the plan will be capable of tracing an animal or group of ani-
mals back to the herd or premises that is the most logical source of a dis-
ease concern. The plan’s long term is to establish a system that can com-
plete the traces (back and forward) within 48 hours of discovery of a
disease. The USAIP intends to define the standards and framework for
implementing and maintaining a national animal identification system for
the US. The immediate priority is to have these standards recognized in the
Code of Federal Regulations. The cattle, sheep, and swine industries have
already developed preliminary implementation plans. All other livestock,
including goats, cervids, equine, aquaculture, poultry, llamas, and bison,
are becoming engaged in the plan.

1.2.3 Detection and Diagnosis

Early detection and reporting systems are key elements in a quick
response in the event of an animal disease outbreak.78  Much of the
nation’s expertise and the laboratories designed to make critical diagnoses
of agriculturally important pests and pathogens are in the universities
and USDA-Agricultural Research Services (ARS).79

USDA-APHIS-VS’ National Veterinary Services Laboratories (NVSL)
are the only federal laboratories dedicated to the testing of diagnostic
specimens for domestic and foreign animal diseases. NVSL operates fa-
cilities in Ames, Iowa, and has diagnostic capabilities at Plum Island, New
York (high security biocontainment FAD Diagnostic Lab, FADDL). On
June 1, 2003, the property and facility of Plum Island Animal Disease Cen-
ter, jointly run by USDA’s APHIS and ARS, were transferred to DHS.
NVSL analyzes blood, tissues, and environmental samples to promote dis-
ease tracking and identification.80  VS continues to work with manufac-
turers, the ARS and other research agencies, and animal industry groups
to facilitate the licensing of diagnostic tests used in the detection of for-
eign and emerging animal diseases.81
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Although the authority for a federal response to animal diseases in
the United States resides with APHIS, as delegated by the Secretary of
Agriculture, the initial detection of new pathogen on a farm or ranch,
preliminary diagnosis, and development of a program for its control re-
lies heavily on collaborations with other groups, agencies, and individu-
als. Groups working together to ensure early detection and response to
animal disease outbreaks are: USDA- Cooperative State Research, Educa-
tion, and Extension Service (CSREES), Regional Emergency Animal Dis-
ease Eradication Organization (READEO), USDA-VS-NVSL (Ames,
Iowa), DHS’s Plum Island (FADDL), academics, professional societies, in-
dustry groups, other USDA agencies, other federal agencies, state depart-
ments of agriculture, state officials, and international organizations.82 ,83

In the past, VS has been able to rely on its close programmatic interface
and share regulatory responsibilities with the state veterinarians to create
consistency and standards in approaches taken to address animal health
concerns. VS, however, has a different relationship with state fish and game
agencies and with other federal agencies such as the DHS’ Federal Emer-
gency Management Agency (FEMA) and organizations such as the Ameri-
can Association of Veterinary Laboratory Diagnosticians (AAVLD). Addi-
tional models of cooperation will need to be developed and refined with
these organizations to ensure consistency and define VS’s leadership role.84

1.2.3.1 Laboratory Networks

1.2.3.1.1 National Animal Health Laboratory Network (NAHLN) In
June 2002, the Public Health Security and Bioterrorism Preparedness and
Response Act of 2002 was signed into law. Section 335 authorizes the Sec-
retary of Agriculture to develop an agricultural early warning surveil-
lance system enhancing the capacity and coordination among state veteri-
nary diagnostic laboratories and federal and state facilities and public
health agencies and provides authorization for Congress to appropriate
funding to the NAHLN.85  NAHLN addresses diagnostic needs for rou-
tine animal disease surveillance as well as diagnostic capacity for investi-
gations and control and eradication programs.86  The overall goal of the
NAHLN is to contribute to the improvement of national disease surveil-
lance capabilities. The concept was developed in discussion with NVSL
that resulted in an MOU with AAVLD. The initial support was provided
by CSREES and APHIS.87

The philosophy behind the design and implementation of NAHLN is
that animal disease surveillance functions are most effectively accom-
plished as a shared responsibility among all animal health agencies. Un-
der the NAHLN concept, state laboratories could provide significant
surge capacity during a disease outbreak. The state labs could assist in
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defining herds for depopulation, delimiting the extent of the outbreak,
and conducting follow-up surveillance to determine “free status.”88  The
key goals of the NAHLN are to expand detection and response measures
for pathogens that threaten animal agriculture and bolster laboratory ca-
pability for select agents with support for personnel, equipment, testing,
and training. Among the elements planned for the NAHLN systems are to
support the development and deployment of standard diagnostic ap-
proaches for identification of select agents, rapid diagnostic techniques,
modern equipment, and experienced personnel trained in the detection of
emergent, foreign, and bioteror agents; national training; proficiency test-
ing, and quality assurance; and upgraded facilities meeting biocontainment
requirements.89  NAHLN is also to bolster data sharing among animal
health agencies through the creation of a secure, two-way communications
network and the creation of a national repository for animal health data;
bolster cooperation and communication among animal health officials
through maintenance of confidentiality of source data and providing alerts
at appropriate response level.90

The network is currently in a pilot phase and modeled after the com-
prehensive response network in place for public health threats. The pi-
lot NAHLN involves 12 state/university diagnostic laboratories to de-
velop capacity and surveillance programs for eight high priority foreign
animal diseases considered to be a bioterrorist threat (agent for foot-
and-mouth disease, hog cholera, African swine fever, rinderpest, conta-
gious bovine pleuropneumonia, lumpy skin disease, highly pathogenic
influenza, exotic Newcastle disease). Other agents of interest for poten-
tial future inclusion include agents of zoonotic importance like West Nile
encephalitis virus, Rift Valley fever, Nipah encephalitis virus, Hendra
encephalitis virus, other encephalitides, and bovine spongiform en-
cephalopathy.91  Specifically, VS provided NAHLN laboratories with
training in the standard nomenclature to be used in the pilot lab results
reporting tool. VS anticipates that training in additional techniques will
be offered and the number of NAHLN laboratories will increase signifi-
cantly by FY 2009, attaining a broader pool of expertise to tap for surge
testing capacity in an outbreak.92

1.2.3.1.2  The Laboratory Response Network (LRN) VS and the AAVLD
are also partnering with the CDC to enlist state veterinary diagnostic labo-
ratories into the CDC Laboratory Response Network (LRN). VS will serve
as the gatekeeper for the veterinary diagnostic laboratory connection to
this wider network. Figure C-3 outlines NAHLN structure with linkage to
CDC-LRN. NVSL’s Diagnostic Bacteriology Laboratory has received ap-
proval from the LRN to conduct diagnostic testing for Clostridium botuli-
num, Francisella tularensis, and Yersinia pestis. NVSL had previously been
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approved for Bacillus anthracis and Burkholderia spp. The LRN laboratories
function as confirmatory laboratories for other diagnostic laboratories and
will process overflow samples in the event that a bioterrorist event were
to occur.93

LRN was instituted in 1999 in preparation for the U.S. response to
bioterrorism. The mission of LRN and its partners is to maintain an inte-
grated national and international network of laboratories that is fully
equipped to respond quickly to acts of chemical or biological terrorism,
emerging infectious diseases, and public health threats and emergen-
cies.94  CDC runs the LRN program with direction and recommendations
provided by the following agencies and organizations:95

• The Association of Public Health Laboratories
• The Federal Bureau of Investigation (Department of Justice)
• The American Association of Veterinary Laboratory Diagnosticians
• The American Society for Microbiology
• The EPA
• USDA
• DoD
• FDA
• DHS

LRN is a consortium of about 120 laboratories, which provide imme-
diate and sustained laboratory testing and communication in the event of
public health emergencies, particularly bioterrorism-related events. The
network includes the following types of labs:96

FIGURE C-3 NAHLN Structure.
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• Federal—labs at CDC, the USDA, the FDA, and other facilities run
by the federal agencies

• State and local public health—these are labs run by state and local
departments of health

• Military—labs operated by the Department of Defense, including
the U.S. Army Medical Research Institute for Infectious Diseases
(USAMRIID) at Fort Detrick, Maryland

• Food testing—the LRN includes FDA labs and others that are re-
sponsible for ensuring the safety of the food supply

• Environmental—includes labs that are capable of testing water and
other environmental samples

• Veterinary—some LRN labs, such as those run by USDA, are re-
sponsible for animal testing. Some diseases can be shared by humans and
animals, and animals often provide the first sign of disease outbreak.

• International—the LRN has labs located in Canada, the United
Kingdom, and Australia

The LRN labs are designated as either national, reference, or sentinel.
The structure is as follows:97

• National labs include CDC and USARMRIID labs with unique re-
sources to handle highly infectious agents and the ability to identify spe-
cific agent strains.98

• Reference labs, sometimes referred to as confirmatory reference,
can perform tests to detect and confirm the presence of a threat agent.
These labs ensure a timely local response, rather than having to rely on
confirmation from labs at CDC, allowing quick local response.

• Sentinel labs represent the thousands of hospital-based labs that
are in the front lines. Their responsibility is to refer a suspicious sample to
the right reference lab.

For example, in the case of severe acute respiratory syndrome (SARS),
the CDC labs identified the unique DNA sequence of the virus that causes
the disease. LRN developed tests and materials needed to support these
tests and gave LRN members access to the tests and materials.99

1.2.4 Research, Education and Training

Research and education programs that are needed for managing and
recovering from a new pest and pathogen typically involve a land-grant
university and ARS programs, state departments of agriculture, state offi-
cials, and APHIS.100
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1.2.4.1 USDA-Cooperative State Research, Education, and Extension
Service (CSREES)101

CSREES distributes money to geographically disperse state laborato-
ries to fund facility and equipment upgrades; participates in a nationwide
system of agricultural research and education program planning and co-
ordination between state institutions and the USDA; assists in maintain-
ing cooperation among the state institutions, between the state institutions
and their federal research partners; administers grants and payments to
state institutions to supplement State and local funding for agricultural re-
search and higher educations; funds animal health and disease research by
formula to support livestock and poultry disease research in 67 colleges of
veterinary medicine and in eligible agricultural experiment stations.

Under the National Initiative competitive grants, CSREES supports
research in plants and animals; natural resources and the environment;
nutrition; food safety; health; markets, trade, and rural development; and
processing for adding value or developing new products.

CSREES’s objective is to support animal health and disease research
at eligible schools and colleges of veterinary medicine and state agricul-
tural experiment stations whose purpose is to improve the health and
productivity of food animals and horses through effective prevention,
control, or treatment of disease, reduction of losses from transportation
and other hazards, and protect human health through control of animal
diseases transmissible to people.102

Through cooperative efforts with APHIS, CSREES established a uni-
fied network of public agricultural institutions to identify and respond to
high-risk biological pathogens in the food and agricultural system. This
program develops and promotes curricula for higher education programs
to support the protection of animals, plants, and public health; support
interdisciplinary degree programs that combine training in food and agri-
cultural sciences, medicine, veterinary medicine, epidemiology, microbi-
ology, chemistry, engineering, and mathematics (statistical modeling).103

Under the National Research Competitive Grants Program (NRI),
CSREES funds research on key problems relevant to agriculture, food,
and the environment on a peer-reviewed, competitive basis. It was estab-
lished in 1991 in response to recommendations outlined in Investing in
Research: A Proposal to Strengthen the Agricultural, Food and Environmental
System, a 1989 NRC report.104  Partnering with the university system,
CSREES programs support expertise in plant and animal sciences along
with extension and outreach capability that can be mobilized to provide
an immediate response to critical issues. Program efforts will focus on
early intervention strategies to prevent, manage, or eradicate new and
emerging plant and animal diseases. Funding also will facilitate improved

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


APPENDIX C 217

diagnostic tests for rapid response to emerging disease agents by expand-
ing the knowledge base of microbial genomics for both animal and plant
diseases.105

CSREES provides resources necessary to foster regional and national
joint planning, encourage multistate planning and program execution,
and minimize duplication of effort. In order to assure responsiveness to
emerging issues such as foot-and-mouth disease, E. coli, Salmonella, List-
eria, sorghum ergot, potato late blight, etc. CSREES provides funds along
with matching funds from the states. It has provided $43 million to states,
university, and tribal lands to increase homeland security prevention,
detection, and response efforts.106

1.2.4.2 USDA-Agricultural Research Service (ARS)
Over 1,200 USDA-ARS research projects are organized into 22 national

programs and three major areas of focus: Animal Production, Product
Value and Safety; Natural Resources and Sustainable Agricultural Sys-
tems; Crop Production, Product Value, and Safety. Under the Animal fo-
cus is the Animal Health Program.107  The mission of ARS-National Ani-
mal Health Program is to conduct basic and applied research on selected
diseases of economic importance to the U.S. livestock and poultry indus-
tries.108  The research is intended to provide scientific information for the
control or elimination of animal diseases, optimize animal production sys-
tems, and help to ease problems relating to sanitary regulations and food
safety disputes.

The ARS-National Animal Health Program, Pathogen Detection and
Diagnostics Component is intended to produce a new generation of diag-
nostic tools that will facilitate detection and identification of known patho-
gens and diseases, new variants of infectious and noninfectious agents,
and emerging organisms and diseases.109  USDA-ARS, National Animal
Disease Center (NADC) in Ames, Iowa, is the major federal center for
domestic and emerging animal disease research. The NADC opened in
1961 and consists of more than 80 buildings on 318 acres, with an annual
budget of $23M, and is staffed with 300 people, including 56 scientists.110

ARS’s other research locations include:111

• Animal Disease Research Unit, Pullman, Wash.
• Arthropod-Born Animal Diseases Research Laboratory, Laramie,

Wyo.
• Avian Diseases and Oncology Laboratory, East Lansing, Mich.
• Beltsville Agricultural Research Center, Beltsville, Md.
• Plum Island Animal Disease Center, Orient Point, N.Y.
• Poisonous Plant Research Laboratory, North Logan, Utah
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• Poultry Research Unite, Mississippi State, Miss.
• Roman L. Hruska U.S. Meat Animal Research Center, Clay Center, Neb.
• Southeast Poultry Research Laboratory, Athens, Ga.

Most ARS animal health programs are oriented toward understand-
ing the role of individual agents in disease or animal specific metabolic
problems. However, many current and future disease problems have a
multifactorial etiology, exist in a subclinical or chronic state, and produc-
tion losses are not always obvious. Research on these complex problems
requires multidisciplinary, multivariate dynamic analysis of real life field
situations, such as epidemiology. However, there is little epidemiological
expertise within ARS research programs. Although epidemiology exper-
tise in APHIS is a valuable resource, it is mostly devoted to disease moni-
toring and other APHIS programs, not hypothesis driven for research
purposes. ARS has indicated in its action plan that its goal is to incorpo-
rate hypothesis driven epidemiological analysis into selected current and
future ARS research programs and to establish cooperative agreements
with the APHIS-CEAH to promote ARS conducting experimental epide-
miology research.112

1.2.4.3 DHS-Science and Technology (S&T) Directorate113 ,114

This directorate coordinates DHS efforts in research and development,
including preparing and responding to the full range of terrorist threats
involving weapons of mass destruction. It conducts research on models,
simulations, and tabletop exercises designed to:

• Explore epidemiological and economic consequences
• Analyze research and development requirements for foreign ani-

mal disease and food security scenarios
• Develop key technologies and tools to prevent, detect, respond,

and recover from intentional and unintentional introduction of biological
agents to the national agricultural and food systems

The S&T plans to conduct systems studies to explore the potential
utility of technology such as BioWatch for agricultural scenarios. Its strat-
egy is to overlay protection form agricultural terrorism on the existing
research and regulatory programs at USDA and FDA. Two of the four
high-consequence biological scenarios that constitute the research pro-
grams for S&T Biological and Chemical Countermeasures Portfolio ad-
dress major concerns for agriculture and food, mainly, the deliberate in-
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troduction of foot-and-mouth disease into the United States and a classi-
fied food security event.

Plum Island Animal Disease Center (PIADC) June 1, 2003, the S&T Direc-
torate assumed responsibility for the operation of PIADC as mandated by
the Homeland Security Act of 2002 (PL 107-296 Section 310). PIADC con-
ducts research to protect the health of livestock across America from high-
consequence foreign animal diseases such as foot-and-mouth disease.
PIADC continues its veterinary sciences and animal health research under
the transition:

• Research on foreign animal diseases that are not present in the
United States (current focus on FMD and African swine fever)

• Developing a joint DHS/USDA comprehensive national strategy
for foreign animal disease with emphasis on FMD

• International collaboration and commercialization of vaccines and
diagnostic tools

• Work on zoonotic agents
• Biocontainment facilities operate at a biosafety level of 3

DHS and USDA have joint management over PIADC. USDA-ARS and
APHIS continues their research and development of diagnostic programs,
respectively. USDA research staff remains with USDA while contributing
to PIADC’s expanded agroterrorism mission. DHS assumed administra-
tion and management responsibilities for the facility.

Office of Research and Development (ORD)-National Biodefense Analy-
sis Countermeasure Center (NBACC) NBACC is dedicated to protect
health and agriculture by advancing the scientific community’s knowl-
edge of bioterrorism threats and vulnerabilities. NBACC integrates facili-
ties and technical expertise in biodefense through a hub and spoke struc-
ture. The NBACC hub is based on the National Biodefense Campus at
Fort Detrick in Maryland. The PIADC is one of the spokes. Additional
operations are at the DOE National Laboratories. The Center serves three
main functions:

• Provides scientific assessment of emerging biological threats both
to people and to agriculture

• In partnership with the FBI, establishes new national capability for
performing forensic analyses on bioterror events

• Works with the PIADC to conduct research to help defend against
agroterrorism
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University-Based Homeland Security Centers of Excellence (HS-
Centers)115 In December 2003, the S&T Division released a broad
agency announcement calling for proposals that will focus on research
effort to combat agroterrorism. DHS intends to establish two HS-Centers
by April 2004; one will focus on animal related agroterrorism and the
other on postharvest food security.

1.2.4.4 DHHS-NIH

Within HHS, a nontrivial amount of food safety research is funded by
the National Institutes of Health (NIH). It is unclear, however, whether
this research is coordinated with, or even complements, the research con-
ducted by USDA, the FDA, and the EPA.116

1.2.4.5 DoD-U.S. Army Medical Research, Institute of Infectious Dis-
eases (USAMRIID)

USAMRIID conducts research to develop strategies, products, infor-
mation, procedures, and training programs for medical defense against
biological warfare threats and infectious diseases. USARMRIID, an orga-
nization of the U.S. Army Medical Research and Materiel Command
(USAMRMC), is the lead medical research laboratory for the U.S. Biologi-
cal Defense Research Program. The institute plays a key role in national
defense and in infectious disease research as the largest biological con-
tainment laboratory in the DoD for the study of hazardous diseases.
USAMRIID has over 10,000 square feet of Biosafety Level 4 (BSL-4) and
50,000 square fee of BSL-3 lab space. Its 450 civilian staffs include veteri-
narians. Veterinary medicine is one of the major divisions of the Institute.
Its current studies include work on improving vaccines for anthrax,
Venezuelan equine encephalitis, plague, and botulism, and on new vac-
cines for toxins such as staphylococcal enterotoxins and ricin. Research on
medical countermeasures to viral hemorrhagic fevers and arboviral ill-
nesses also is conducted. A significant effort is devoted to developing both
laboratory and field diagnostic assays for agents considered to be biologi-
cal warfare or endemic disease threats.117

It has been previously suggested that research related to agricultural
bioterrorism be expanded in non-USDA agencies with relevant capabili-
ties or responsibilities, such as the FDA, CDC, USAMRIID, and Defense
Advanced Research Projects Agency (DARPA). DARPA does not pres-
ently have the legislative authority to support agricultural research.118
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1.2.5 Emergency Response and Communication

The Homeland Security Presidential Directive #5 (HSPD-5) enables
the Department of Homeland Security to assume responsibility for coor-
dinating federal response operations under certain circumstances. In par-
ticular, the DHS secretary will coordinate the federal government’s re-
sources in response to or recovery from terrorist attacks, major disasters,
or other emergencies, when any one of the following conditions applies:119

• The federal department or agency acting under its own authority
has requested assistance.

• The resources of state and local authorities are overwhelmed and
federal assistance has been formally requested by states/local authorities.

• More than one federal agency has become substantially involved
in responding to the incident.

• The secretary has been directed to assume responsibility for man-
aging the domestic incident by the president.

HSPD-5 describes the National Incident Management System (NIMS),
which is to cover all incidents, natural or unnatural, for which the federal
government deploys emergency response assets. Under this directive, the
Secretary of DHS is responsible for leading the development and imple-
mentation of NIMS.120

As directed by HSPD-5, APHIS has structured its Emergency Man-
agement Response Systems (EMS) systems according to NIMS. APHIS’
EMS is a joint federal-state-industry effort to improve the ability to deal
successfully with animal health emergencies, ranging from natural disas-
ters to introductions of foreign animal diseases. The EMS program identi-
fies national infrastructure needs for anticipating, preventing, mitigating,
responding to, and recovering from such emergencies. In FY 2003 APHIS
established five incident command posts in three states in response to the
exotic Newcastle disease (END) outbreak in California, Arizona, Nevada,
and Texas.121  Recent APHIS’ efforts to build emergency management ca-
pacity have included:122

1. Develop and implement plans for a secure operation in Riverdale,
Md.

2. Continually update two Regional Emergency Animal Disease
Eradication Organization (READEO) units capable of addressing an ani-
mal health emergency and interacting with the APHIS operations center
in Riverdale, Md.

3. APHIS, with the NAHEMS Steering Committee, developed strat-
egy for funding the construction of new emergency management
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biocontainment and laboratory facilities at Plum Island and in Ames,
Iowa.

1.2.5.1 Existing Federal Emergency Response Plan

USDA-APHIS-VS—National Animal Health Emergency Response Plan
For An Outbreak of Foot-And-Mouth Disease or Other Highly Contagious Ani-
mal Diseases123  outlines the national organization and concepts of opera-
tion for responding to a widespread highly contagious disease of animals.
Much of the information provided in this section came from this plan.
Specifically, this plan provides a unified response to all aspects of an FMD
outbreak and primarily addresses the coordination and resources that
would be required in a multiple-state outbreak. While the plan was writ-
ten to address a widespread outbreak of FMD, its operating principals
would also apply to large-scale outbreaks of other diseases, including, but
not limited to, highly pathogenic avian influenza, Newcastle disease, clas-
sical swine fever, and African swine fever. Response for an outbreak of
highly contagious zoonotic disease (transmitted to people from animals)
may be addressed under this plan or may be addressed under contin-
gency plans of the national human health system but will be coordinated
under the National Response Plan.124

Depending on the scope of the situation, USDA will ask the Depart-
ment of Homeland Security’s Federal Emergency Management Agency
(FEMA) to coordinate logistical response functions with other federal
agencies and state(s) where FMD exists. FEMA would use the framework
of the National Response Plan (NRP) in accordance with operational re-
quirements and priorities established by agricultural authorities. (A
memorandum of agreement [MOA] will be established between USDA
and FEMA to outline respective roles and responsibilities in the event of a
major FMD outbreak). The operational structure of the Federal Response
Plan (FRP) will be utilized, with or without a presidential emergency or
major disaster declaration, to provide an established federal/state coordi-
nation mechanism. (Currently an agricultural emergency is not covered
under a Stafford Act Declaration.)

When the FMD outbreak or threat is intentional, USDA’s Office of the
Inspector General (OIG) would be notified. As warranted by the situa-
tion, OIG will then notify and coordinate with the appropriate law en-
forcement agencies at the local, state, and federal levels. If there is a suspi-
cion that the outbreak was caused by criminal activity, the OIG would
work closely with the responding veterinary staff for the proper handling,
packaging, and shipment of any samples to the appropriate research labo-
ratory for testing and forensic analysis. OIG would conduct any subse-
quent criminal investigation. If an FMD outbreak is determined to be a

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


APPENDIX C 223

criminal but not terrorist act, OIG will assume federal lead responsibility
for a law enforcement response. If an FMD outbreak is the result of a
terrorist act, OIG would notify the Federal Bureau of Investigation (FBI),
Weapons of Mass Destruction Unit. OIG and the FBI would jointly con-
duct a criminal investigation. Well-coordinated interagency mechanisms
must be established among the FBI, USDA, and DoD for collaborative
forensic investigations.125

1.2.5.2 Federal Response to a FMD outbreak or similarly infectious dis-
eases126

If an FAD passes the first line of defense, responses are conducted
through six APHIS-VS national incident management teams (comprising
of federal employees) and one incident management team in each VS area
office (comprising both federal and state employees). Additional support
for the national response would be from the FEMA National Management
System, and would be coordinated out of DHS. There is a USDA liaison (at
present, the APHIS-VS Associate Deputy Administrator for Emergency
Management) to DHS Federal Emergency Management Agency.127

USDA is the lead agency for all agricultural emergencies at the fed-
eral level. Within USDA, APHIS is the lead agency for managing an ani-
mal disease outbreak such as FMD and within APHIS, the VS-EP (Emer-
gency Program) monitors foreign animal health and maintains
surveillance, detection, and diagnosis of outbreaks of exotic diseases in
the United States. In order to effectively deal with animal disease emer-
gencies, coordinated response among a number of local producers, veteri-
narians in private clinical practice, and state-level veterinarians and ani-
mal health organizations are required. The APHIS-VS-EP also enlists the
help of more than 40,000 federally accredited veterinarians from the pri-
vate sector who assist with disease exclusion and control.

The initial response to an animal disease outbreak involves the exist-
ing USDA expertise, resources, and authorities. The authority for estab-
lishing the national strategic response policy for containment and eradi-
cation of an FMD outbreak reside in the National Incident Coordinator
(NIC) (usually the APHIS-VS- Associate Deputy Administrator for Emer-
gency Management). The USDA-NIC coordinates activities through the
APHIS Emergency Operations Center (AEOC) in Riverdale, Maryland.
USDA-APHIS Senior Public Affairs Officer establishes a Joint Informa-
tion Center (JIC), collocated with the AEOC, to serve as the principal
source of information and coordinate with other federal agencies, indus-
try communications officials, and state-level JICs.128

APHIS opened the AEOC in March 2003. The center serves as the na-
tional command and coordination center for APHIS emergency programs
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disaster management. Teams working in the AEOC (the National Response
Management Team, NRMT) have enhanced ability to collect, analyze and
disseminate information. The NRMT can direct necessary resources and
communicate with appropriate stakeholders by coordinating with other
federal, state, and international organizations, including the Department of
Homeland Security. Communication capabilities include video-teleconfer-
encing, advanced computer interfaces, geographical information system
mapping, and a strong multimedia component.129 , 130 ,131

At the regional level, in each of the two APHIS-VS regions (Eastern
and Western), the APHIS Regional Director manages regional VS re-
sources and communications. APHIS-VS has a disease eradication team
made up of APHIS employees. These team members, as an additional
duty, train for a specific function of disease response and will deploy in-
dividually or as a group in support of the affected state or states based on
their needs. The state veterinarian can request that the APHIS area veteri-
narian in charge (AVIC) deploy this resource.132

In each infected state, the assigned AVIC is the authorized represen-
tative of USDA and is the senior federal official who interacts with the
state coordinating officer (SCO). The SCO is the designated lead state offi-
cial and may be the state veterinarian or some other official from either
the agricultural or emergency management community. The AVIC leads
the overall federal component of the integrated response within the state
and establishes operational requirements. The AVIC and the SCO coordi-
nate all activities at the state level.

In the field, the assigned incident commander (IC) will manage all
response operations at an infected site. The IC may be a state or federal
animal health official as designated by the SCO/AVIC team.

The Stafford Act, DHS-FEMA133  Under the Stafford Act, FEMA serves as
the coordinating agency for disaster response and recovery activities.
Without a Stafford Act declaration, USDA can request FEMA and other
federal agencies to provide support in performing traditional emergency
management functions using the framework of the Federal Response Plan.
In the event the President declares an emergency or major disaster under
the Stafford Act, FEMA assigns a primary federal official (PFO) and the
PFO. The PFO, in coordination with the SCO and AVIC, oversees federal
response support operations authorized under the presidential emergency
or major disaster declaration, and the AVIC continues to represent APHIS
for containment and eradication operations. At FEMA headquarters, the
FEMA Assistant Director for Readiness, Response, and Recovery provides
general direction and oversight for FEMA support of USDA. FEMA acti-
vates the interagency emergency support team (EST) located at the Na-
tional Interagency Emergency Operations Center (NIEOC) and coordi-
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nates with the Homeland Security Operations Center in Washington, D.C.
To facilitate coordination of animal health and emergency management
response functions, a USDA liaison reports to the NIEOC at FEMA head-
quarters and a FEMA liaison reports to the AEOC.

In the event of an agroterror attack, DHS leads the team of first re-
sponders to contain and manage the threat while APHIS provides crucial
scientific and diagnostic expertise. APHIS’ expertise is used in managing
a potential disease outbreaks as well as in assisting DHS in its investiga-
tive and intelligence-gathering efforts to find those responsible for the
terrorist attack.134  Figure C-4 outlines the infrastructure for a federal re-
sponse to an FMD outbreak.

Other Federal Agencies  Other possible federal agency resources available
for response to an FMD outbreak in the United States include:

• DOT for logistical, quarantine, decontamination, and animal carcass
disposal; prevention of vessels with suspected FMD cargoes from entering
U.S. waters; provision ships, planes, helicopters, and communication sys-
tems.

• National Communications System (NCS).
• U.S. Army Corps of Engineers for FMD debris and disposal, de-

contamination procedures, technical assistance in environmental site as-
sessments, ground water monitoring, soil sampling, contract preparation,
and GIS mapping.

• USDA/U.S. Forest Service can ensure that carcasses are disposed
of in accordance with state law or local ordinance; enforcement of federal
or state quarantine regulations.

• American Red Cross can provide hotline for affected farmers to
request assistance and for concerned citizens to get information on activi-
ties, current conditions, and referrals to other relief agencies; community
education to prevent disease spread.

• General Services Administration (GSA) can provide a number of
assists, including:

o provide contract support for risk assessment; public education;
monitoring; surveillance; detection; testing/diagnosis services; epi-
demiology; biosecurity; appraisal; vaccination; depopulation/dis-
posal; cleaning and disinfections (site/premises); decontamination of
equipment; public information and rumor control.

o GIS mapping services; environmental monitoring and plume
projections; feeding and lodging (mass care) of support response per-
sonnel; computer equipment, support, and operations in response to
federal operations; transportation services for team personnel and
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hazardous waste; public health and safety; mental health counseling;
and temporary personnel and services.

o There exists an MOA between GSA and USDA-APHIS detail-
ing the mechanism for requesting and receiving support in the event
that the presence of animal/plant disease and/or pests constitutes an
actual or potential emergency situation.
• DHHS:

o The FDA can provide food safety assistance, technical assis-
tance, vaccination assistance, veterinary surveillance, carcass disposal
assistance, direct animal care and assist in analyzing potential control
issues; regulate domestic and imported animal feed products to pre-
vent or curtail FMD; assist in environmental health, disease surveil-
lance, and vector control regarding food and feed.

o The CDC can assist in disease surveillance, epidemiological and
pest management, environmental risk assessment, worker safety is-
sues and the provision of veterinary/medical personnel.

o The NIH can assist in the assessment of environmental impacts,
disease surveillance, vector control issues and the provision of veteri-
nary/medical personnel and has a grant program that can assist labo-
ratories for addressing FMD.
• EPA can provide oversight in the decontamination effort by ensur-

ing chemicals are contained and disposed to prevent environmental con-
tamination; can review decontamination, chemical, and disposal plans;
environmental air and water sampling.

• USDA, Food and Nutrition Service (FNS) educates the public about
the safety of the food supply.

• DOE, through its atmospheric release advisory capability (ARAC),
can model the spread of the FMD virus as well as the dispersion of smoke
from burning debris.

• DOC-NOAA can provide weather forecast and observational data
upon request; provide on-site meteorologists to support incident com-
mand operations; provide dispersion wind forecasts in coordination with
other elements of NOAA; broadcast time-critical FMD information on
NOAA Weather Radio.

1.2.5.3 Communication

Communication is an important part of an emergency management
system. While communication flow through APHIS National Emergency
Operation Center at Riverdale for all national coordination during a dis-
ease outbreak is well detailed, a written plan for coordination and com-
munication of information that flows from the coordinating bodies at DHS
does not appear to exist.135
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1.3 BUDGET AND CAPACITY

Budget information and existing capacity at key USDA agencies with
programmatic activities that address animal health are summarized in
Table C-5. Budget information for the components of DHS with functions
that may include functions such as early detection, prevention, and man-
agement of incidents involving animal diseases is summarized in Table
C-6. APHIS FY 2005 budget for various programs addressing animal dis-
eases reflects request for increase in capacity in the following areas:136

Requested Budget
Program Areas Increase FY 2005$

• Animal Health Monitoring and Surveillance increase: to 8.641M
support and enhance BSE surveillance

• National Animal Identification program 33.197M
• State Cooperators 6.1M
• Biosurveillance program: to enhance data collection 5M

system, improve surveillance capabilities and establish
connectivity with the integration and analysis function at
DHS. Increase also allow increase in the number of FAD
tests at the NVSL and approved state labs

• Low pathogenic avian influenza program: to conduct 11.783M
surveillance and control program

• FMD/FAD program: to reduce domestic threats through 4.229M
increase offshore threat assessment, including more
officers overseas

• Emergency Management Systems program 10.625M
• Veterinary biologics 1.861M
• Veterinary diagnostics program: to enhance the NAHLN 4.347M

and continues its diagnostic work at the FADDL on Plum
Island to help protect U.S. herd against potential acts of
bioterrorism

• Import/Export program: to develop and implement an 1.355M
automated system to track animal and animal product
movements

xx

1.3.1 Laboratory Capacity

Adequate space at the appropriate biosafety level is essential to con-
ducting diagnostic activities. With DoD appropriations, VS began construc-
tion in December 2002 on a facility to relocate laboratories from leased space
to the main APHIS site at Ames, Iowa. With other appropriate funds, con-
struction began in the fall 2003 for the High Containment (BSL-3AG) Large
Animal Housing Facility, associated with infrastructure, and miscellaneous
support structures, which are targeted for completion in 2006. In addition,
planning/design are well underway for the remainder of the National Cen-
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ter for Animal Health Modernization Project. This project will bring VS’
NVSL and CVB together in one facility with the ARS’ National Animal Dis-
ease Center, which will enhance collaboration. Subject to appropriations,
construction will begin on the Low Containment (BSL-2) Large Animal Fa-
cility, the Consolidated Laboratory Building, Phase 2, and the balance of
the infrastructure in FY2005, with completion of the entire project targeted
for 2007.161  When completed the National Centers for Animal Health would
include nearly 1 million square feet of space with state-of-the-art capabili-
ties for research and diagnosis.162

A pilot NAHLN involving 12 state/university diagnostic laboratories
was funded through USDA in May 2002 for a 2-year period to develop
capacity and surveillance programs.163  A two-tiered funding structure is
in place for the first 2 years, with tier 1 funded at $2M (laboratories in
Calif., Colo., Ga., Tex., Wis.) and tier 2 at $750K (laboratories in Wash.,
Fla., N.Y., Iowa, Ariz., N.C., La.).164  Though these funds provide critical
pilot project start-up costs, they fall far short of developing a true national
network that will effectively provide surveillance for zoonotic and for-
eign animal diseases, bioterrorist agents, and newly emergent diseases
like West Nile virus. Federal funding to continue the pilot program and
address these deficiencies is critically needed. Both additional start-up
costs (estimated at $85M) and continuing funding (est. at $22M annually)
have been requested in FY’05 to expand an enhanced, coordinated, and
modernized NAHLN. Grants would be awarded directly to and coordi-
nated by an accredited animal disease diagnostic laboratory when such a
laboratory exists in the state, or in lieu of an accredited laboratory, to the
primary animal disease diagnostic laboratory within the state.165

The NAHLN is in an early development stage so any money received
for the state laboratories in FY 2004 will be concentrated on getting the 25
laboratories trained and provided with lab equipment, not adding an ad-
ditional state. However, future targets reflect an increase of one new state
each FY in 2005, FY 2006, and FY 2007.166

Currently, USDA has no BSL-4 facilities. BSL-4 facilities are required
for research on pathogens that confer highly contagious, hot diseases, in-
cluding the animal diseases bovine spongiform encephalopathy, as well
as Hendrah and Nipah viruses.167

CDC-National Center for Infectious Diseases (NCID) whose mission
is to prevent illness, disability, and death caused by infectious disease in
the United States and around the world, conducts surveillance, epidemic
investigations, epidemiological and laboratory research, training, and
public education programs to develop, evaluate, and promote prevention
and control strategies for infectious diseases. In October 2003, the center
announced grants to build 11 new biodefense laboratories around the
country, including 2 that will be authorized to study the most dangerous
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pathogens. Boston University Medical Center and the University of Texas
Medical Branch at Galveston each will receive about $120M to build BSL-4
labs. BSL-4 labs can handle pathogens that pose a high risk of causing a life
threatening diseases for which there is no vaccine or treatment, such as
Ebola virus. In addition, the agency announced grants of $7M and $21M
each for nine “Regional Biocontainment Laboratories,” which include BSL-
3 and BSL-2 space. Those facilities will be in Colorado State University, Fort
Collins; Duke University, Durham, N.C.; Tulane University, New Orleans;
the University of Alabama at Birmingham; the University of Chicago; the
University of Medicine and Dentistry of New Jersey; the University of Mis-
souri; the University of Pittsburgh; and the University of Tennessee.168

1.3.2 Veterinarian Capacity169

APHIS currently employs 2,053 veterinarians. Over half, 1,059, work
for the Food Safety and Inspection Service (FSIS) and 531 work for APHIS.
Of the 531 APHIS’ veterinarians, 322 work in the field, a 20 percent de-
crease from the 404 field veterinarians in 1994. More significant is the com-
parison between today’s resources and what was available in 1984. In
1984, when there was a large avian influenza outbreak in Pennsylvania,
APHIS-VS had nearly 3,000 employees, in contrast to today’s approxi-
mately 1,400. In contrast to shrinking resources, demand for investigation
of suspected foreign animal diseases has risen from an average of 300 per
year during the 1990s to 384 in 2000, 792 in 2001, and 837 in 2002. 170  This
imbalance between demand and available human resources was charac-
terized in the report on Declining Infrastructure of Governmental Animal
Health Professionals Puts American Agriculture at Risk by Dr. Ron DeHaven,
as follows:

The current APHIS cadre of veterinarians and animal health profession-
als is clearly insufficient to handle the increased workload associated
with trade obligations, emergencies, and already-apparent future de-
mands. . . . APHIS faced two extensive outbreaks—END in California
and last summer’s avian influenza program in Virginia. . . .VS has de-
tailed over half of its workforce to California, jeopardizing ongoing pro-
grams and leaving the United States vulnerable to any additional disease
incursions. It is accurate to say, though very disturbing, that APHIS could
not successfully respond to a significant foot and mouth disease (FMD)
outbreak and continue to operate the END program in California.

To prepare for shortage of veterinarians, APHIS has developed the
National Animal Health Reserve Corps to mobilize close to 300 private
veterinarians from around the United States to assist locally during an
emergency.171
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2 DISEASES IN WILDLIFE

Managing animal health in wildlife is a daunting task. Reservoirs of
infection in wild animals offer a constant threat to domestic livestock
population and human health. Reducing the risk of transmission and
spread may become an even larger factor in the future, with the potential
for wildlife-based transmissible encephalopathies.172

2.1 THE DEPARTMENT OF THE INTERIOR,
U.S. FISH AND WILDLIFE SERVICE (FWS)

FWS is responsible for the protection of wildlife from environmental
hazards, safeguarding habitat for endangered species, and the inspection
of wildlife shipments to ensure compliance with laws and treaties and
detect illegal trade.173  Generally, all wildlife imported into or exported
from the United States for any purposes must be declared to the U.S. Fish
and Wildlife Service and cleared prior to release by U.S. Customs and
Border Protection. The U.S. Fish and Wildlife Service has a system of ports
to allow for the import and export of wildlife, including parts and prod-
ucts.174  Some wildlife inspection requires coordination with USDA APHIS,
DOC’s NMFS, INS, FDA and CDC.175

2.2 THE DEPARTMENT OF THE INTERIOR, BUREAU OF U.S.
GEOLOGICAL SURVEY (USGS), BIOLOGICAL RESOURCES

DIVISION (BRD), THE NATIONAL WILDLIFE HEALTH CENTER
(NWHC)

NWHC is one of the 18 science and technology centers in the BRD of
the USGS, a bureau of the DOI, located in Madison, Wis. The NWHC was
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established in 1975 as a biomedical laboratory dedicated to assessing the
impact of disease on wildlife and to identifying the role of various patho-
gens contributing to wildlife losses.176  The center provides a multi-disci-
plinary, integrated program of disease diagnosis, field investigation and
disease management, research, and training, and maintains extensive da-
tabases on disease findings in animals and on wildlife mortality events.

NWHC has over 70 scientists (specialists in such fields as wildlife ecol-
ogy, epidemiology, veterinary medicine, pathology, virology, bacteriol-
ogy, parasitology, chemistry, biometry, and population ecology) and sup-
port personnel. Center field personnel respond to catastrophic events,
such as major die-offs, that threaten the health of wildlife populations.
The NWHC has specialized biological containment facilities that allow
investigation of infectious diseases affecting a broad spectrum of wildlife,
such as amphibians, eagles, sea turtles, sea otters, migratory birds, wolves,
large mammals, and other species. National wildlife refuge personnel, law
enforcement agents, state conservation agency biologists, university-af-
filiated scientists, and others send wildlife carcasses and tissue samples to
the NWHC for diagnostic examination.177,178,179

The NWHC is an international focal point for research, information,
and exchange of information on the study of wildlife health and disease.
The center’s researches on zoonotic diseases concentrate on better under-
standing the ecological relationships among free-ranging wildlife, domes-
tic animals, and public health concerns. This understanding is fundamen-
tal for developing effective disease prevention and control strategies.
Other center research is directed toward developing enhanced technol-
ogy for disease detection and diagnosis and toward developing biologics
to protect animals against infection.178 ,179

NWHC is currently monitoring the outbreak in Western Europe and
other parts of the world and gathering information from numerous
sources. Specialists are interacting with the USDA, and working with the
U.S. DOI land management and conservation agencies to provide infor-
mation on disease status and risks and assist in developing FMD preven-
tion and contingency plans.180  Congress requested that USDA and DOI
work together to create a national plan to assist the states and tribes in
addressing CWD in both farmed and wild animals. Budget and imple-
mentation plan has been developed. Implementation of this plan is pro-
ceeding as budgets allow.181

With available specialized containment facilities, NWCH is also pro-
viding diagnostic support and research results to federal, state, and local
wildlife agencies, as well as public health departments that are utilizing
dead wild birds as sentinel, for detecting the West Nile virus (WNV).
USGS is working with CDC to learn the current geographic extent of
WNV. Scientist at USGS Geographic Science Branch are providing CDC
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and public health agencies with real-time geographic information on land-
use and land-cover data, roads, and hydrography in areas where the vi-
rus is active. These data are used to identity bird and mosquito habitat for
placement of mosquito traps.182

2.3 THE DEPARTMENT OF INTERIOR, USGS, NATIONAL
BIOLOGICAL INFORMATION INFRASTRUCTURE (NBII)

PROGRAMS

The NBII is a broad collaborative program to provide increased ac-
cess to data and information on the national’s biological resources. This
web-based, biological information system draws together vast amounts
of scientific data and provides information via the Web. NBII partners
include fish and wildlife agencies and including NOAA, EPA, National
Science Foundation, Oak Ridge National Laboratory (ONL), USDA-ARS,
USDA Forest Service, U.S. Fish and Wildlife Service.183 ,184

NBII was created in 1993, based on the recommendation of a special
panel convened by the National Research Council to examine critical na-
tional biological resource issues. In 1998, the need for the NBII was reaf-
firmed by a team of internationally renowned scientists who also recom-
mend the creation of NBII “nodes” as focal points for various biological
and regional issues. The NBII Program initiated 10 nodes in FY 2001 and
began new prototype in FY 20002. The Fisheries and Aquatic Resource
node provides access to fisheries information resources from across the
world.185  The Wildlife Disease Information Node is to develop collabora-
tive national database of wildlife mortality events to facilitate tracking
and study of emerging wildlife diseases such as WNV and CWD.186

2.3.1 THE NBII WILDLIFE DISEASE INFORMATION NODE
(WDIN)187

The WDIN provides access to near real-time data on wildlife mortal-
ity events and other critical related information. The major objectives of
the Wildlife Disease Information Node include:

• Documenting the prevalence and spread of wildlife diseases at the
most discrete spatial and temporal levels possible via a nationwide web-
based reporting system.

• Maintaining current databases on wildlife mortality events and
other critical information.

• Providing Web access to wildlife and zoonotic disease information
for management, research, epidemiological, and educational purposes.
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• Providing Web access to the general public for educational pur-
poses and to disseminate information on the importance of wildlife and
zoonotic diseases and related ecosystem and community effects.

•  Developing partnerships to share wildlife mortality and other criti-
cal information in a distributed fashion and in a secure, partner-based
data system.

In FY 2004, the major WDIN undertaking in partnership with NWHC
was the development of a robust Web-based CWD national clearinghouse
that can accommodate contributed testing results as well as research,
monitoring, and surveillance data from state, federal, and tribal agencies
as well as other organizations doing CWD work into a common database
scheme. Mechanisms by which data can be queried, analyzed, and visual-
ized to make CWD data and information accessible to all parties dealing
with CWD issues are being established. Wild and captive cervid data
would be included.188

A prototype effort is also being funded by the National Science Foun-
dation and the Intelligence Technology Innovation Center, which is aimed
at developing scalable technologies and related standards and protocols
needed for a full implementation of a national infectious disease informa-
tion infrastructure for human, plant, and animal (domestic and wild) dis-
eases. The interdisciplinary team consists of the following groups for this
prototype effort:

• Artificial Intelligence Laboratory at the University of Arizona.
• The New York State Department of Health and its partner Health

Research Inc.
• The California State Department of Health Services and its partner

PHFE Management Solutions.
• The U.S. Geological Survey’s National Biological Information In-

frastructure and the National Wildlife Health Center.

The two diseases selected for this prototype are West Nile virus and
botulism because of their significant public health and homeland security
implications. After an extensive 4-month research and system develop-
ment efforts, the University of Arizona completed a research prototype
called the WNV-BOT Portal System, which provides integrated, Web-en-
abled access to a variety of distributed data sources related to WNV and
botulism. It also provides advanced information visualization capabilities
as well as predictive modeling support.188

Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing Animal Diseases

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/11365


APPENDIX C 239

2.4 USDA-APHIS-VS WILDLIFE SERVICE (WS)189

WS provides expertise to resolve wildlife conflicts that threaten live-
stock and protect livestock from wildlife-borne diseases such as CWD.
WS works with state counterparts to monitor wildlife diseases like rabies
and has cooperative agreements with state wildlife agencies to fund sur-
veillance and management.

The National Wildlife Research Center (NWRC) in Fort Collins, Colo.,
functions as WS’ research arm. It is the only federal research facility de-
voted exclusively to resolving conflicts between people and wildlife. WS
conducts research projects to study the interaction of deer and cattle, coy-
otes as reservoirs of tuberculosis, and CWD in elk.

The WS Aquatic Animal Health (AAH) program provides diagnostic
assistance to aquaculture producers experiencing health problems with
their products. VS works with U.S. Department of the Interior’s U.S. Fish
and Wildlife Service (FWS), the U.S. Department of Commerce’s National
Marine Fisheries Service, and members of the Joint Subcommittee on
Aquaculture to disseminate information and outline agency roles to best
meet the aquaculture industry’s animal health needs and develop aquatic
animal health monitoring and surveillance program.
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3 FISHERIES

3.1 DEPARTMENT OF COMMERCE, NATIONAL OCEANIC AND
ATMOSPHERIC ADMINISTRATION, NATIONAL MARINE

FISHERIES SERVICE (NMFS)

NOAA oversees fisheries management in the United States and,
through the 1946 Agriculture Marketing Act, provides a voluntary inspec-
tion service to the industry. The NOAA Seafood Inspection Program of-
fers a variety of professional inspection services, which assure compli-
ance with all applicable food regulations. These services are available
nationwide, at all types of establishments such as vessels, processing
plants, and retail facilities. All edible product forms ranging from whole
fish to formulated products and fishmeal products used for animal foods
are eligible for inspection and certification.190

Aquaculture: Global aquaculture now produces more than 31 mil-
lion metric tons of farm products (fish, crustaceans, and mollusks) annu-
ally, which have a value of some $38 billion. The United States is eighth
among leading aquaculture producers worldwide, with annual market
share value approaching $1 billion.191

Statutory authority: The National Aquaculture Act of 1980, as
amended (16 U.S.C. 22801 et seq.) allows the development of a U.S. aquac-
ulture industry. The Act established the Joint Sub-Committee on Aquac-
ulture as coordination group for the federal government activities relat-
ing to aquaculture, and charged JSA with development of a National
Aquaculture Development Plan. Amendments to the Act in 1985 desig-
nated the Secretary of Agriculture as the permanent chair of the JSA. The
secretaries of Agriculture, Commerce, and Interior make up the Executive
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Committee.192  These agencies are among those listed as resources to
aquaculture programs and services within the federal government by the
JSA:193

• U.S. Department of Agriculture: ARS, CSREES, Regional Aquacul-
ture Centers, Farm Service Agencies, AMS, NASS, FAS, APHIS, Federal
Crop Insurance Information, National Agriculture Library, Alternative
Farming Systems Information Center, Current Research Information Sys-
tem

• U.S. Department of Commerce: NMFS, National Sea Grant College
Program, Economics and Statistic Administration, National Weather Ser-
vice, National Environmental Satellite Data and Information Service

• U.S. Department of Interior: U.S. Fish and Wildlife Service, U.S.
Geological Survey

• U.S. DHHS: FDA-CVM, FDA-CFSAN
• National Science Foundation
• EPA
• Tennessee Valley Authority (TVA)
• U.S. Agency for International Development (USAID)
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4 FOOD SAFETY

Four federal agencies share primary responsibility for federal food
safety. The largest of these, the USDA-FSIS, regulates meat and poultry
through continuous inspection of processing operations and review and
approval of product labels. The EPA Office of Pesticide Program (OPP)
register pesticides and sets tolerances that are enforced by FDA and FSIS.
Finally, the CDC is the federal government’s primary clearinghouse for
disease morbidity and mortality surveillance data and its chief resource
for epidemiological investigations.194  See Table C-7 for food safety re-
sponsibilities for selected food products.

4.1 USDA-FSIS

FSIS inspects most meat, poultry, and processed eggs sold for human
consumption for safety, wholesomeness, and proper labeling. The Fed-
eral Meat Inspection Act of 1906, as amended [21USC 601 et seq.] requires
USDA to inspect all cattle, sheep, swine, goats, and horses brought into
any plant to be slaughtered and processed into products for human con-
sumptions. The Egg Products Inspection Act, as amended [21USC 1031 et
seq.] is the authority under which FSIS ensure the safety of egg products.
For bioterrorism preparedness, FSIS’ Food Biosecurity Action Team (F-
BAT) has placed the agency’s 7,600 inspectors on high alert to look for
antemortem and postmortem irregularities in meat animals and poultry,
and has conducted mock exercises to respond in emergency situations.
The Food Threat Preparedness Network (PrepNet) is a joint FSIS/FDA
group that works on threat prevention and emergency. 195
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TABLE C-7 Food Safety Responsibilities for Selected Food Products204

Food Regulators Comments

Eggs FDA, AMS, FSIS, APHIS FDA has lead jurisdiction over shell eggs;
FSIS continuously inspects egg products.
AMS operates a voluntary grading
program. APHIS monitors animal health.

Meat and poultry FSIS, FDA FSIS inspects meat during processing.
FDA holds regulatory authority once meat
leaves the slaughtering or manufacturing
plant.

Processed foods FDA FDA is responsible for most nonmeat
products.

Seafood FDA, NMFS FDA oversees seafood safety generally.
NMFS run a voluntary inspection service.

xx

4.2 FDA

The FDA regulates 80 percent of the nation’s food supply, except for
meat, poultry and certain egg products. Through its Center for Food
Safety and Applied Nutrition (CFSAN), FDA monitors the safety and la-
beling of most nonmeat and processed foods and licenses food-use chemi-
cals other than pesticides. CFSAN has the authority to regulate food pro-
ducers and distributors involved in interstate commerce and to issue
recommendations on food safety issues, including foods and cosmetics
using bovine ingredients.196  FDA also operates an oversight compliance
program for fishery products under which responsibility for the product’s
safety, wholesomeness, identity, and economic integrity rests with the
processor or importer, who must comply with regulations promulgated
under the Federal Food, Drug and cosmetic (FD&C) Act, as amended, and
the Fair Packaging and Labeling Act (FPLA). In addition, FDA operates
the Low-Acid Canned Food (LACF) Program, which is based on the haz-
ard analysis critical control point (HACCP) concept and is focused on ther-
mally processed, commercially sterile foods, including seafood such as
canned tuna and salmon.197

Title III of the Bioterrorism Act provide the HHS Secretary with new
authorities to protect the nation’s food supply against the threat of inten-
tional contamination and other food-related emergencies. The interim fi-
nal rule promulgated under this act requires domestic and foreign facili-
ties that manufacture or process, pack, or hold food for human or animal
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consumption in the United State to register with FDA. FDA expects up to
420,000 facilities to register under this requirement.198

The FDA-Center for Veterinary Medicine (FDA-CVM) ensures the safety,
efficacy and quality of drugs used in animals, including animal feed and
companion animals, animal food and feed, and medical devices used on
animals. CVM regulates all animal drugs and feed and works to increase
the availability of products to sustain the health, relieve the suffering, and
increase the productivity of all farm animals. CVM’s current top three
priorities are to prevent BSE, counter the risk of food associated with anti-
biotic resistance in humans, and ensure safe food derived from geneti-
cally modified animals.199

CVM monitors and establishes standards for feed contaminants, ap-
proves safe food additives, and manages the FDA’s medicated feed and
pet food programs. Office of Surveillance and Compliance monitors mar-
keted animal drugs, food additives, and veterinary devices. Also involved
in these activities are the USDA, EPA, and other state and other federal
agencies.200

CVM’s specifics activities in a BSE emergency response include201 :

• Collaborating with public health agencies (CDC, HHS, and USDA)
and with states, regarding feed contaminant, tissue residue programs, and
other monitoring programs for meat and poultry involving a BSE emer-
gency

• Providing information regarding manufacturer’s GMP compliance
and other relevant animal drug quality issues

• Providing advice in the assessment of animal drugs or feed prod-
ucts involving a BSE emergency

4.3 CDC

In the last decade, the CDC established more than 10 surveillance sys-
tems to identify and track the source of outbreaks of foodborne illnesses
and to assist regulatory agencies in their food safety activities. Conse-
quently, the agency now has separate surveillance systems to track botu-
lism, Creutzfeldt-Jacob disease (human form of mad cow disease), E. coli
O157:H7, Giardia, Salmonella, and Salmonella enteritidis, viral hepatitis,
trichinellosis, typhoid fever, and Vibrio infections in foods.202  CDC’s sur-
veillance systems for the most part depend on reporting capabilities of
local- and state-level health and agriculture officials. Since 9/11/2001, the
agency has been training these officials and laboratory technicians to rec-
ognize hazards in foods. It has also begun to refurbish public health labo-
ratories in most states to increase the capacity of these facilities to quickly
identify the act of terrorism.203
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In addition to the four major organizations, there are a number of
other federal agencies with ancillary or supporting roles in the
government’s regulatory programs to ensure food safety and counterter-
rorism efforts. These partners include: the USDA’s Agricultural Market-
ing Service; the USDA’s Grain Inspection, Packers, and Stockyards Ad-
ministration (GIPSA); the USDA’s Office of Risk Assessment and
Cost-Benefit Analysis; the USDA’s Agricultural Research Service (ARS);
the USDA’s Animal and Plant Inspection Service (APHIS); the USDA’s
Cooperative State Research, Education, and Extension Service (CSREES);
the USDA’s Economic Research Service (ERS); USDA-Foreign Agricul-
tural Service, USDA-ARS, USDA-Food and Nutrition Service, Department
of Commerce’s (DOC) National Oceanic and Atmospheric Administra-
tion (NOAA), the Treasury Department’s Bureau of Alcohol, Tobacco and
Firearms (ATF); Department of State, the Federal Trade Commission
(FTC); Custom and Border Protection (CBP) in DHS; Department of Army
Veterinary Services Activity, Department of Treasury’s Alcohol and To-
bacco Tax and Trade Bureau (TTB), the FBI and CIA.205 ,206

There is an increased participation by veterinary diagnostic labs in
public health programs, as evident in these programs:207  ELEXNET—an
integrated web-based data exchange system for food testing information
that allows multiple agencies engaged in food activities to compare and
communicate and coordinate findings of laboratory analyses;208  FERN
(food emergency response network)—to increase surge capacity. FDA and
USDA-FSIS are working with CDC to expand the LRN to include a sub-
stantial number of counterterrorism laboratories capable of analyzing
foods for agents of concern. As of November 2003, there are 63 labs repre-
senting 27 states expressing interest in participation in FERN), CELDAR
(CA DHS and CAHFS).
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255

The following conclusions were drawn in the NRC report Countering
Agricultural Bioterrorism (NRC, 2003a):

1. Some animal diseases are of greater economic than public health
importance. Even though significant public health impacts could in prin-
ciple result from intentional introduction of animal diseases, their spread
would likely be minimized by regulatory bans and procedures.

2. Limitations of current diagnostic tests and current understanding
of the pathogenesis and epidemiology of specific animal diseases may
make these diseases suitable for use in hoaxes.

3. Regulatory controls can substantially reduce the likelihood of
natural introduction of some animal diseases.

4. Because some animal diseases are not highly contagious, selective
culling would be possible if we had sensitive on-the-hoof preclinical diag-
nostic tools.

5. Development of effective diagnostic and identification tools for
the animal diseases of concern warrants a high research priority today.

6. Basic-science and technology programs will have broad applica-
tion in protecting us from harm.

7. Effective public information materials should be drafted in ad-
vance of natural or terrorist introduction of animal diseases of concern
into the United States, so that they will be available immediately when-
ever needed.

8. The threat of an animal disease as an agricultural terrorist agent
will be limited by factors such as
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• Difficulty in obtaining or producing the agent.
• Physical and biological security of the plants that manufac-
ture animal feeds, animal medicinals, and vaccines.
• Regulatory actions.
• An active national surveillance program.

9. Vulnerability to animal disease as an agricultural terrorist threat
agent is increased by

• Limited effectiveness of border controls (for example, inspec-
tion procedures that are not developed with terrorists in mind,
with a small proportion of luggage inspected at ports of entry).
• The small number and low sensitivity of diagnostic tests to
detect an agent in living animals or animal tissues.
• A high resistance of an agent to inactivation by physical and
chemical treatments.
• Lack of full compliance with regulations in place to control or
eradicate the disease.
• A long incubation period from exposure to onset of disease,
which would allow time for terrorists to escape detection and for
wide dissemination of infected animals before discovery.
• An unwarranted degree of public concern over the disease,
which could leverage a small number of cases or a hoax into an
event with major adverse economic, social, and political effects.

10. Modern molecular field tests for animal diseases of concern need
to be validated and introduced by USDA regionally and encouraged lo-
cally.

11. Vaccine stocks for animal diseases of concern need to be modern-
ized and expanded.

12. Research should be performed to develop vaccines suitable for
specific disease subtypes.

13. The United States should investigate the global eradication of
those animal diseases posing significant threats and cooperate with inter-
national agricultural and wildlife experts in doing so. A continuing inter-
national mechanism to identify measures needed for global eradication of
particular diseases should be established. Through such a mechanism, a
global vaccination and eradication strategy could be developed with the
participation of diverse experts and stakeholders. This could be a win-
win situation for the United States and for other countries.

14. Widespread distribution of potential vector species increases the
potential public health and economic impacts of a zoonotic disease.

15. It is essential for an effective response to have in place an infra-
structure of disease surveillance and response systems, as well as coop-
eration and communication among agricultural, wildlife, and public
health organizations.
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16. Early detection and diagnostic tools are pivotal for limiting the
extent of an outbreak. Education, limitation of animal movement, and
development of vector population control methods are other important
factors.

17. Basic research is critical for understanding of the pathogenesis
and epidemiology of many animal diseases.
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ter for 10 years, conducting pathogenesis and control studies on many of
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laboratory system. Her professional interests include serology, molecular
diagnostics, and diagnostic epidemiology. She serves on the USDA Na-
tional Surveillance System Steering Committee and is active in the Ameri-
can Association of Veterinary Laboratory Diagnosticians, the U.S. Animal
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Development at Iowa State University. Her current research focuses on
food and nutrition programs and policies, issues related to food security
and safety, including the economics of food safety, food systems and haz-
ard control options, and animal diseases. Dr. Jensen currently serves on
the editorial board of the Journal of Agricultural Economics and has been an
active member of the American Agricultural Economics Association,
where she has chaired several working committees. She was a member of
the National Research Council’s Panel on Animal Health and Veterinary
Medicine from 1995 to 1998, and a member of the Committee on Biologi-
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the Committee on National Statistics’ Panel to Review USDA’s Measure-
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tute of Medicine’s Committee to Review the WIC Food Packages. She
joined the faculty at Iowa State in 1985 and holds a Ph.D. degree in Agri-
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Carol A. Keiser is president of C-BAR Cattle Company, Inc., where she
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stock Dealer and was elected to the Board of Directors of the Council of
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University of Illinois Alumni Association and Board of UIUC Agricul-
ture, Consumer and Environmental Sciences Alumni Board. She is a
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Scott R. Lillibridge is Professor of Epidemiology and Director, Center for
Biosecurity and Public Health Preparedness at The University of Texas
Health Science Center at Houston. Most recently, he worked as Special
Assistant for National Security and Emergency Management for the Sec-
retary of the Department of Health and Human Services and assisted in
the development of a national bioterrorism program at HHS during a time
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ously, he developed and was the founding Director of the Bioterrorism
Preparedness and Response Program at the Centers for Disease Control
and Prevention (CDC) starting in 1998. This office was charged with en-
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to infectious disease concerns, other CDC efforts in support of this pro-
gram included consideration for chemical terrorism, a national pharma-
ceutical stockpile, health communication, training and national lab en-
hancement. His career at CDC focused on emergency public health
response issues. He was the lead physician during the initial United States
Public Health Service (PHS) response to the Oklahoma City bombing and
also led the U.S. Medical Delegation to Tokyo following the sarin release
in 1995. During the 1996 Olympics, he served as the HHS Science Advisor
to the multiagency task force that was assembled to protect the public
against biological and chemical terrorism. He has worked in emergency
response and preparedness roles throughout the world in support of the
United States government and nongovernmental organizations. Dr.
Lillibridge was recently appointed by President George W. Bush to the
White House Emergency Services, Law Enforcement, and Public Health
and Hospitals Senior Advisory Committee for Homeland Security. Dr.
Lillibridge earned his B.S. form East Tennessee State University and his
M.D. from the Uniformed Services University of the Health Sciences, F.
Edward Hebert School of Medicine.

Terry McElwain is the Executive Director of the Washington Animal Dis-
ease Diagnostic Laboratory and Director of the Animal Health Research
Center in the College of Veterinary Medicine at Washington State Univer-
sity. He is Past President of the American Association of Veterinary Labo-
ratory Diagnosticians and has been a key architect in the creation and
development of the National Animal Health Laboratory Network. He in-
teracts frequently with the Centers for Disease Control and is also a mem-
ber of the governor’s emergency preparedness task force in the state of
Washington. Dr. McElwain has a long and established research record in
the field of veterinary infectious diseases, especially those of agricultural
animals. He received his D.V.M. from the College of Veterinary Medicine,
Kansas State University, in 1980, and his Ph.D. from Washington State
University in 1986.

N. Ole Nielsen, a professor emeritus and former dean of the Ontario Vet-
erinary College (1985-94) and the Western College of Veterinary Medi-
cine, University of Saskatchewan, has particular interests in comparative
medicine and ecosystem health. He attended the University of Toronto,
receiving his D.V.M. in 1956, and the University of Minnesota, where he
received his Ph.D. in veterinary pathology in 1963. He joined the Univer-
sity of Saskatchewan in 1964 and subsequently became Dean of the West-
ern College of Veterinary Medicine (1974-1982). He has served on the
Boards of a number of research agencies including; the Veterinary Infec-
tious Disease Organization (VIDO), University of Saskatchewan; Cana-
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dian Centre for Toxicology; Association of Canadian Universities for
Northern Studies (ACUNS); International Laboratory for Research on
Animal Disease (ILRAD), Nairobi; and the International Livestock Re-
search Institute (ILRI), Nairobi. His interests in environmental issues and
the development of the concept of ecosystem health are reflected in: ser-
vice as chair of the Saskatchewan Environmental Advisory Council, (1978-
1982); symposia planning for the International Society for Ecosystem
Health (ISEH) in Ottawa (1994), Copenhagen (1996), Sacramento (1999);
promoting research in agroecosystem health at the University of Guelph;
and involvement in the Ecosystem Approaches to Human Health pro-
gram of the International Development Research Centre. He was presi-
dent of the Canadian Veterinary Medical Association in 1969. Dr. Nielsen
currently serves on the National Research Council’s Board on Agriculture
and Natural Resources.

Robert A. Norton is a Professor at Auburn University. A microbiologist
by training, he was educated at Southern Illinois University, where he
received his B.S. and M.S. Dr. Norton served in the U.S. Army Chemical
Corps and later with the United States Army Medical Research Institute
of Infectious Diseases at Fort Detrick, Maryland, where he worked on
projects including the development of novel vaccines for botulism and
other bacterial pathogens. After his service, Dr. Norton moved to the Uni-
versity of Arkansas, where he earned a Ph.D. in Veterinary Bacteriology.
He has been a member of the faculty at Auburn since 1995. He presently
serves as research leader in the Poultry Microbiology and Parasitology
Laboratory and conducts research on bacterial diseases in animals. Dr.
Norton also works on the issues of agricultural bioterrorism defense and
currently serves as the editor for Issues in Ag-Security, a monthly e-mail
newsletter that is sent to subscribers in government and industry.

Michael T. Osterholm is the Director of the Center for Infectious Disease
Research and Policy (CIDRAP) at the University of Minnesota, where he
is also Professor, School of Public Health.  He is also serves as the Associ-
ate Director of the Department of Homeland Security’s National Center
for Food Protection and Defense and was recently appointed to the newly
created National Science Advisory Board on Biosecurity. Previously, Dr.
Osterholm was the state epidemiologist and Chief of the Acute Disease
Epidemiology Section for the Minnesota Department of Health.  Follow-
ing the September 11 terrorist attacks, Dr. Osterholm has served as a spe-
cial advisor to the U.S. Secretary of the Department of Health and Human
Services on issues related to bioterrorism and public health preparedness.
He has received numerous awards from the National Institute of Allergy
and Infectious Diseases and the Centers for Disease Control and Preven-
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tion (CDC).  He served as principal investigator for the CDC-sponsored
Emerging Infections Program in Minnesota.  He has published more than
300 articles and abstracts on various emerging infectious disease prob-
lems and is the author of best selling book Living Terrors: What America
Needs to Know to Survive the Coming Bioterrorist Catastrophe.  He is past
president of the Council of State and Territorial Epidemiologists.  He is a
member of the Institute of Medicine and currently serves on the Institute’s
Forum on Emerging Infections.  He also served on the Committee to En-
sure Safe Food from Production to Consumption.

Patricia Quinlisk is a medical epidemiologist practicing at the Iowa De-
partment of Public Health, where she functions as both the Medical Direc-
tor and the State Epidemiologist. Her background includes training as a
clinical microbiologist (MT[ASCP]), training microbiologists while a Peace
Corps Volunteer in Nepal, a Masters of Public Health from Johns Hopkins
(with a emphasis in infectious disease epidemiology), a medical degree
from the University of Wisconsin, and training as a field epidemiologist
in the Centers for Disease Control and Prevention’s (CDC’s) Epidemic
Intelligence Service. Every year, for the last 12 years, she has conducted
weeklong epidemiologic training courses in Europe, and as a professor at
the University of Iowa and Iowa State University, lectures regularly at
other educational institutions around the Midwest. She serves, or has
served, on several national advisory committees including the National
Vaccine Advisory Committee, the Sub-Committee for Vaccine Safety and
Communication, the Advisory Committee of the U.S. Marine Corps Chemi-
cal/Biological Incident Response Force, the Department of Defense’s Panel
to Assess the Capabilities for Domestic Response to Terrorist Acts Involv-
ing Weapons of Mass Destruction (the Gilmore Commission), and as Presi-
dent of the Council of State and Territorial Epidemiologists (CSTE). She has
testified before two Congressional Subcommittees on Public Health aspects
of terrorism, and participated on the Institute of Medicine’s Committee on
Microbial Threats to Health in the 21st Century and its Committee on the
Psychological Consequences of Terrorism. Recently, she was named to
the Board of Scientific Counselors for the National Center for Infectious
Diseases, Centers for Disease Control and Prevention.

Linda Saif is a professor and researcher with Ohio State University’s Ohio
Agricultural Research and Development Center (OARDC), working on
the mechanisms in immunity against intestinal infections. Dr. Saif’s re-
search focuses on enteric viruses, including rotaviruses, caliciviruses, and
coronaviruses, which cause mortality and morbidity in both food-produc-
ing animals and humans. During the past 30 years, she has identified new
intestinal viruses and developed diagnostic tests and research methods
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for working with them in the laboratory. Furthermore, she discovered
viruses that cause intestinal diseases in livestock and developed methods
for their control. Her contributions to mucosal immunology and intesti-
nal virology have had major impacts on animal and human health re-
search and vaccine development. She is also credited with discovering the
potential of enteric viral infections in animals to infect human popula-
tions in epidemic proportions. One example is Dr. Saif’s ongoing effort to
develop safe and effective vaccines for rotavirus diarrhea, which kills
nearly one million children every year. Dr. Saif earned her bachelor’s de-
gree from the College of Wooster in 1969 and received her master’s de-
gree (1971) and doctorate (1976) in microbiology/immunology from Ohio
State. She has been an OARDC faculty member since 1979, garnering more
than $14 million in research grants and publishing numerous articles in
books and professional journals. In 2002, Dr. Saif became the first Ohio
State researcher not based on the Columbus campus to be recognized as a
Distinguished University Professor, and was awarded an honorary doc-
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National Academy of Sciences.

Mark Thurmond is a professor of medicine and epidemiology at the
School of Veterinary Medicine at UC Davis. Dr. Thurmond has 33 years of
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dairy cattle. Dr. Thurmond’s interests relate to the epidemiology of infec-
tious diseases of cattle and to application of epidemiological principles to
prevention, control, and eradication of diseases and infections that affect
animal health and productivity. Diseases of special interest include
bovine viral diarrhea, neosporosis, diseases of the mammary gland,
abortion, and foreign animal diseases, such as foot-and-mouth disease.
Research interests in epidemiologic methods relate to diagnostic epidemi-
ology, particularly population-based diagnostic approaches, modeling,
surveillance, and diagnostic screening. Dr. Thurmond received his D.V.M.
from the University of California, Davis in 1972, and the M.P.V.M. from
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Kevin D. Walker is Division Director of Agricultural Health and Food
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safety needs with financial institutions and support agencies. Dr. Walker
has also presented several analyses within the World Trade Organization
on the application of sanitary and phytosanitary standards and has
worked extensively with the World Organization of Animal Health (OIE)
in the development of a performance, vision, and strategy instrument to
enhance the modernization of national veterinary services across the
world. He is formerly a director of the Center for Emerging Issues at the
Animal Plant Health Inspection Service and a strategic and economic ana-
lyst at Farmland Industries, at one time the largest farmer-owned coop-
erative within the United States. Dr. Walker received his Ph.D. from the
University of Missouri in 1985.
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