http /A nap edu/catalog/12625 himl |

We ship printed books within 1 business day; personal PDFs are available immediately.

Sustaining Global Surveillance and Response to
Emerging Zoonotic Diseases

Gerald T. Keusch, Marguerite Pappaioanou, Mila C.
Gonzalez, Kimberly A. Scott, and Peggy Tsai, Editors;
Committee on Achieving Sustainable Global Capacity
for Surveillance and Response to Emerging Diseases of
Zoonotic Origin; National Research Council

ISBN: 0-309-13735-7, 340 pages, 6 x 9, (2009)
This PDF is available from the National Academies Press at:

http-/Ammw nap edu/catalog/12625 html

Visit the National Academies Press online, the authoritative source for all books
from the National Academy of Sciences, the National Academy of Engineering,
the Institute of Medicine, and the National Research Council:

e Download hundreds of free books in PDF

Read thousands of books online for free

Explore our innovative research tools — try the “Research Dashboard” now!
Sign up to be notified when new books are published

Purchase printed books and selected PDF files

Thank you for downloading this PDF. If you have comments, questions or
just want more information about the books published by the National
Academies Press, you may contact our customer service department toll-
free at 888-624-8373, visit us online, or send an email to
feedback@nap.edu.

This book plus thousands more are available at http://www.nap.edu.

Copyright © National Academy of Sciences. All rights reserved.

Unless otherwise indicated, all materials in this PDF File are copyrighted by the National
Academy of Sciences. Distribution, posting, or copying is strictly prohibited without

written permission of the National Academies Press. Request reprint permission for this book.

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine



http://www.nap.edu/catalog/12625.html
http://www.nap.edu
http://www.nas.edu/nas
http://www.nae.edu
http://www.iom.edu
http://www.nationalacademies.org/nrc/
http://lab.nap.edu/nap-cgi/dashboard.cgi?isbn=0309137349&act=dashboard
http://www.nap.edu/agent.html
http://www.nap.edu
mailto:feedback@nap.edu
http://www.nap.edu
http://www.nap.edu/v3/makepage.phtml?val1=reprint
http://www.nap.edu/catalog/12625.html

Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

SUSTAINING GLOBAL SURVEILLANCE
AND RESPONSE TO EMERGING
ZOONOTIC DISEASES

Gerald T. Keusch, Marguerite Pappaioanou, Mila C. Gonzélez,
Kimberly A. Scott, and Peggy Tsai, Editors

Committee on Achieving Sustainable Global Capacity for Surveillance
and Response to Emerging Diseases of Zoonotic Origin

Board on Global Health
Institute of Medicine

Board on Agriculture and Natural Resources
Division on Earth and Life Studies

INSTITUTE OF MEDICINE AND
NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

THE NATIONAL ACADEMIES PRESS 500 Fifth Street, NW  Washington, DC 20001

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the National Research Council, whose members are drawn from the councils of
the National Academy of Sciences, the National Academy of Engineering, and the Institute
of Medicine. The members of the committee responsible for the report were chosen for their
special competences and with regard for appropriate balance.

This study was supported by the U.S. Agency for International Development Award No. GHN-
G-00-07-00001-00. Any opinions, findings, conclusions, or recommendations in this docu-
ment are those of the authors and do not necessarily reflect the views of the organizations or
agencies that provided support for the project. Mention of trade names, commercial products,
or organizations does not constitute their endorsement by the sponsoring agency.

Library of Congress Cataloging-in-Publication Data

Institute of Medicine and National Research Council (U.S.). Committee on Achieving
Sustainable Global Capacity for Surveillance and Response to Emerging Diseases of
Zoonotic Origin.

Sustaining global surveillance and response to emerging zoonotic diseases / editors, Gerald
T. Keusch ... [et al.] ; Committee on Achieving Sustainable Global Capacity for Surveillance
and Response to Emerging Diseases of Zoonotic Origin, Board on Global Health, Institute
of Medicine, Board on Agriculture and Natural Resources, Division on Earth and Life
Studies.

p.; cm.

Includes bibliographical references.

ISBN 978-0-309-13734-8 (pbk.)

1. Zoonoses. 2. Public health surveillance. 3. Global health. 1. Keusch, Gerald. II. Title.
[DNLM: 1. Communicable Diseases, Emerging—prevention & control. 2. Zoonoses—
epidemiology. 3. Biosurveillance—methods. 4. Disease Outbreaks—prevention & control.
WA 110 I585s 2009]
RA639.157 2009
362.196°959--dc22

2009044034

Additional copies of this report are available from the National Academies Press, 500 Fifth
Street, NW, Lockbox 285, Washington, DC 20055; (800) 624-6242 or (202) 334-3313 (in the
Washington metropolitan area); Internet, http://www.nap.edu.

For more information about the Institute of Medicine, visit the IOM homepage at: www.
iom.edu.

Copyright 2009 by the National Academy of Sciences. All rights reserved.
Printed in the United States of America

Front cover, from top: Angus cattle on pasture. Photo by Scott Bauer, courtesy of USDA.
Laboratory technician with diagnostic materials at the Washington Animal Disease Diagnos-
tic Laboratory. Photo by Charlie Powell. Designation of HINT1 isolate digitally inserted by
Photoshop. Researcher administers a new medication for bird flu to a young chicken. Photo by
Steve Snowden, courtesy of iStockphoto. Laboratory scientist analyzes data at the Washington
Animal Disease Diagnostic Laboratory. Photo by Henry Moore.

Back cover, from top: Fruit bat surveillance. Photo courtesy of Wildlife Trust. A young male
with a puppy on Independence Day in India. Photo by Jay Graham, courtesy of Photoshare.
Deer runs through a suburban neighborhood. Photo by Lillis Photography, courtesy of
iStockphoto. A girl carries two lambs in rural Bolivia. Photo by Enriqueta Valdez-Curiel,
courtesy of Photoshare.

Suggested citation: IOM (Institute of Medicine) and NRC (National Research Council). 2009.
Sustaining global surveillance and response to emerging zoonotic diseases. Washington, DC:
The National Academies Press.

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

“Knowing is not enough; we must apply.

Willing is not enough; we must do.”
—Goethe

INSTITUTE OF MEDICINE

OF THE NATIONAL ACADEMIES

Advising the Nation. Improving Health.

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society
of distinguished scholars engaged in scientific and engineering research, dedicated to
the furtherance of science and technology and to their use for the general welfare.
Upon the authority of the charter granted to it by the Congress in 1863, the Acad-
emy has a mandate that requires it to advise the federal government on scientific
and technical matters. Dr. Ralph J. Cicerone is president of the National Academy
of Sciences.

The National Academy of Engineering was established in 1964, under the charter
of the National Academy of Sciences, as a parallel organization of outstanding en-
gineers. It is autonomous in its administration and in the selection of its members,
sharing with the National Academy of Sciences the responsibility for advising the
federal government. The National Academy of Engineering also sponsors engineer-
ing programs aimed at meeting national needs, encourages education and research,
and recognizes the superior achievements of engineers. Dr. Charles M. Vest is presi-
dent of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of
Sciences to secure the services of eminent members of appropriate professions in
the examination of policy matters pertaining to the health of the public. The Insti-
tute acts under the responsibility given to the National Academy of Sciences by its
congressional charter to be an adviser to the federal government and, upon its own
initiative, to identify issues of medical care, research, and education. Dr. Harvey V.
Fineberg is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sci-
ences in 1916 to associate the broad community of science and technology with the
Academy’s purposes of furthering knowledge and advising the federal government.
Functioning in accordance with general policies determined by the Academy, the
Council has become the principal operating agency of both the National Academy
of Sciences and the National Academy of Engineering in providing services to the
government, the public, and the scientific and engineering communities. The Coun-
cil is administered jointly by both Academies and the Institute of Medicine. Dr.
Ralph J. Cicerone and Dr. Charles M. Vest are chair and vice chair, respectively, of
the National Research Council.

www.national-academies.org

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

COMMITTEE ON ACHIEVING SUSTAINABLE GLOBAL
CAPACITY FOR SURVEILLANCE AND RESPONSE TO
EMERGING DISEASES OF ZOONOTIC ORIGIN

GERALD T. KEUSCH (Co-Chair), Boston University, MA

MARGUERITE PAPPAIOANOU (Co-Chair), Association of American
Veterinary Medical Colleges, Washington, DC

CORRIE BROWN, University of Georgia, Athens

JOHN S. BROWNSTEIN, Harvard Medical School, Boston, MA

PETER DASZAK, Wildlife Trust, New York

CORNELIS de HAAN, The World Bank (retired), Washington, DC

CHRISTL A. DONNELLY, Imperial College London, United Kingdom

DAVID P. FIDLER, Indiana University, Bloomington

KENNETH H. HILL, Harvard University, Cambridge, MA

ANN MARIE KIMBALL, University of Washington, Seattle

RAMANAN LAXMINARAYAN, Resources for the Future,
Washington, DC

TERRY F. McELWAIN, Washington State University, Pullman

MARK NICHTER, University of Arizona, Tucson

MO SALMAN, Colorado State University, Fort Collins

OYEWALE TOMORI, Redeemer’s University, Ogun State, Nigeria

KEVIN D. WALKER, Michigan State University, East Lansing

MARK WOOLHOUSE, University of Edinburgh, United Kingdom

Study Staff

KIMBERLY A. SCOTT, Study Director

PEGGY TSAI, Program Officer

MILA C. GONZALEZ, Research Associate

SARAH JANE BROWN, Senior Program Assistant

JULIE WILTSHIRE, Financial Officer

PATRICK W. KELLEY, Director, Board on Global Health

ROBIN A. SCHOEN, Director, Board on Agriculture and Natural
Resources

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

BOARD ON GLOBAL HEALTH!

RICHARD GUERRANT (Chair), University of Virginia School of
Medicine, Charlottesville

JO IVEY BOUFFORD, New York Academy of Medicine, New York

CLAIRE V. BROOME, Emory University, Atlanta, GA

JACQUELYN C. CAMPBELL, Johns Hopkins University, Baltimore, MD

THOMAS J. COATES, University of California, Los Angeles

VALENTIN FUSTER, Mount Sinai School of Medicine, New York

SUE GOLDIE, Harvard University, Boston, MA

PETER J. HOTEZ, George Washington University, Washington, DC

GERALD KEUSCH, Boston University, MA

MICHAEL MERSON, Duke University, Durham, NC

FITZHUGH MULLAN, George Washington University, Washington, DC

PHILLIP RUSSELL, Johns Hopkins University, Baltimore, MD

IOM boards do not review or approve individual reports and are not asked to endorse
conclusions and recommendations. The responsibility for the content of the report rests with
the authoring committee and the institution.

vi

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

BOARD ON AGRICULTURE AND NATURAL RESOURCES

NORMAN R. SCOTT (Chair), Cornell University, Ithaca, NY
PEGGY E. BARLETT, Emory University, Atlanta, GA
ROGER N. BEACHY, Donald Danforth Plant Science Center,
St. Louis, MO
HAROLD L. BERGMAN, University of Wyoming, Laramie
RICHARD A. DIXON, Samuel Roberts Noble Foundation, Ardmore, OK
DANIEL M. DOOLEY, University of California, Oakland
JOAN H. EISEMANN, North Carolina State University, Raleigh
GARY E. HARTNELL, Monsanto Company, St. Louis, MO
GENE HUGOSON, Minnesota Department of Agriculture, St. Paul
KIRK C. KLASING, University of California, Davis
VICTOR L. LECHTENBERG, Purdue University, West Lafayette, IN
PHILIP E. NELSON, Purdue University, West Lafayette, IN
ROBERT PAARLBERG, Wellesley College, Watertown, MA
KEITH PITTS, Marrone Bio Innovations, Davis, CA
CHARLES W. RICE, Kansas State University, Manhattan
HAL SALWASSER, Oregon State University, Corvallis
PEDRO A. SANCHEZ, The Earth Institute, Columbia University,
Palisades, NY
ROGER A. SEDJO, Resources for the Future, Washington, DC
KATHLEEN SEGERSON, University of Connecticut, Storrs
MERCEDES VAZQUEZ-ANON, Novus International, Inc.,
St. Charles, MO

vii

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

Acknowledgments

This report has been reviewed in draft form by persons chosen for their
diverse perspectives and technical expertise in accordance with procedures
approved by the National Research Council’s Report Review Committee.
The purpose of the independent review is to provide candid and critical
comments that will assist the institution in making its published report as
sound as possible and to ensure that the report meets institutional standards
of objectivity, evidence, and responsiveness to the study charge. The review
comments and draft manuscript remain confidential to protect the integrity
of the deliberative process. We wish to thank the following for their review
of this report:

Sir George Alleyne, Pan American Health Organization

Scott Barrett, Paul H. Nitze School of Advanced International Stud-
ies, Johns Hopkins University

Ron Brookmeyer, Johns Hopkins Bloomberg School of Public Health

Donald S. Burke, Graduate School of Public Health, University of
Pittsburgh

Seth Foldy, Division of Public Health, State of Wisconsin

Lawrence O. Gostin, Georgetown University

David Harlan, Global Animal Health and Food Safety, Cargill, Inc.

James M. Hughes, School of Medicine and Rollins School of Public
Health, Emory University

Anni McLeod, Food and Agriculture Organization of the United
Nations

Melinda Moore, RAND Corporation

x

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

X ACKNOWLEDGMENTS

Mark E. White, Division of Global Preparedness and Program Coor-
dination, Centers for Disease Control and Prevention

Tilahun Yilma, International Laboratory of Molecular Biology for
Tropical Disease Agents, University of California, Davis

Although the reviewers listed above have provided constructive com-
ments and suggestions, they were not asked to endorse the conclusions or
recommendations, nor did they see the final draft of the report before its
release. The review of this report was overseen by David Challoner, Vice
President for Health Affairs, Emeritus, University of Florida and James Fox,
Massachusetts Institute of Technology. Appointed by the National Research
Council and Institute of Medicine, they were responsible for making certain
that an independent examination of this report was carried out in accor-
dance with institutional procedures and that all review comments were
carefully considered. Responsibility for the final content of this report rests
entirely with the author committee and the institutions.

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

Preface

In April 2009, as the committee was preparing to respond to reviewer
input and finalize this report, a multi-country outbreak of a new influenza
A(H1NT1) virus was being reported. First detected as a cluster of cases of
severe respiratory illness with multiple deaths in Mexico, a unique influenza
A virus was isolated that was originally reported as having genes of swine,
avian, and human origin and therefore it was immediately referred to as
“swine flu.” Influenza A(H1N1) virus has since spread to 74 countries and,
as of June 11, 2009, the World Health Organization declared it the first
pandemic in more than 40 years. Although the virus is now circulating in
humans, the presumed link with swine led to public confusion on how the
virus was being spread, consequently leading to pork industry losses of
approximately $28 million dollars per week and the banned importation
of pigs and pork products by at least 15 countries. The specifics of when
and how this virus emerged, in what populations, how long its circulation
has gone undetected, and the identity of the source of exposure remain the
focus of ongoing investigations. While it is not possible to fully analyze the
progression and impact of events with the benefit of time and hindsight
before completing the work on this report, this outbreak serves to illustrate
many of the issues discussed in this report.

The committee’s consensus report traces the need and existing capacity
for global, sustained, integrated zoonotic disease surveillance and response
capacity; discusses the current gaps, challenges, and inadequacies with ex-
isting systems; and suggests new approaches to more effectively achieve the
requirements of an “ideal” system. Looking forward with the benefit of past
experience, including what we know about the current influenza A(HI1NT1)

xi
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2009 outbreak, we see a future of continued zoonotic disease agent emer-
gences, perhaps at an even more rapid rate given the sheer increases in hu-
man and animal populations, their encroachment on each other’s habitat,
continuing changes in climate, the intensification and consolidation of
agriculture, and the rapid movement of increasingly more people and goods
around the world. With the prominence of these drivers of emergence, when
a new zoonotic pathogen that is also readily transmitted from person to
person is detected first in humans, it will be extremely difficult to achieve
containment, even when everything that can be done is done efficiently
and effectively. Thus, looking for ways to prevent emergence and to detect
these pathogens at the first point possible in animal populations deserves
serious consideration.

The questions that ultimately must be asked in dissecting the influenza
A(H1NT1) 2009 outbreak are: what surveillance systems could have identi-
fied the problem more quickly, whether those systems could have triggered
a global response to limit its spread and/or impact in a more timely way,
and what lessons can be drawn from the experience and extrapolated to
other potential emergent disease agents—some of which are unknown at
the present time. Although the time from the detection of a cluster of severe
pneumonia cases in Mexico to the identification of the cause as influenza
A(H1INT1) 2009 and global awareness and a patchwork global response
was shorter than that experienced in previous outbreaks, we believe the ur-
gency will only grow to create an even more effective system for sustained,
integrated, early human and animal disease detection that is immediately
followed by and intimately linked to a timely and appropriately targeted
response. Achieving such a system is not easy: If it were, it would have been
accomplished decades ago. But given the inevitability of disease emergence
occurring again and again, the solution requires strong leadership and com-
mitment to ensure that multiple disciplines from different sectors will work
closely together to address the myriad complex and sophisticated challenges
they will pose.

For this reason, the committee believes it is high time for national and
international public health leadership, as recommended in this report, to
address how global and effectively integrated zoonotic disease surveillance
can be achieved. The recently announced USAID Predict and Respond ini-
tiatives are a good start, but more will be required from actors of all levels
to address a global concern. Little comfort can be taken in the fact that
SARS turned out to be readily controlled by simple barrier and sanitary
measures, that highly pathogenic avian influenza (HPAI) H5N1 influenza
virus has yet to acquire the necessary attributes for efficient human-to-
human transmission, and that influenza A(H1N1) 2009 does not, at this
time, seem to be both readily transmitted and highly virulent in humans.
Each of these agents may still evolve to become the highly pathogenic

Copyright © National Academy of Sciences. All rights reserved.
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pandemic strains of the future, or others may arise that are far more chal-
lenging to address.
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SARS severe acute respiratory syndrome
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Summary

Infectious disease surveillance systems play an important role in safe-
guarding human and animal health. By systematically collecting data on the
occurrence of infectious diseases in humans and animals, investigators can
identify new outbreaks, track the spread of disease, and provide an early
warning to human and animal health officials nationally and internationally
for follow-up and response. Unfortunately, for several reasons, the disease
surveillance systems operating around the world are not very effective or
timely in alerting officials to newly emerging zoonotic diseases—diseases
transmitted between humans and animals.

Emerging zoonoses are a growing concern given multiple factors. First,
zoonoses are often novel diseases that society is medically unprepared to
treat, as was the case with HIV/AIDS and variant Creutzfeldt-Jakob disease
(vCJD), better known as mad cow disease. Second, zoonoses are unpredict-
able and have variable impacts on human and animal health. For example,
different strains of influenza A virus—such as highly pathogenic avian
influenza (HPAI) H5N1 and pandemic HIN1 2009—have different host
ranges and cause illnesses of different degrees of severity. Third, zoonotic
diseases outbreaks are increasing in number: At least 65 percent of recent
major disease outbreaks have zoonotic origins. Fourth, because of increas-
ing international trade, travel, and movement of animals, zoonotic diseases
can emerge anywhere and spread rapidly around the globe, as demonstrated
by the recent outbreak of severe acute respiratory syndrome (SARS) and the
ongoing 2009 influenza pandemic. Fifth, the spread of zoonotic diseases can
take a major economic toll on many disparate industries, including those
in the agricultural, manufacturing, travel, and hospitality sectors, and can
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threaten the peace and economic stability of communities both directly
and indirectly connected to disease outbreaks. The economic cost of HPAI
HS5N1 between 2003 and 2006 was estimated to equal nearly 2 percent of
the regional gross domestic product of China, Taiwan, Hong Kong, and
Singapore.

In response to concern about the global spread of zoonotic diseases,
the U.S. Agency for International Development (USAID) approached the
Institute of Medicine and the National Research Council for advice on how
to achieve more sustainable global capacity for surveillance and response to
emerging zoonotic diseases. A study committee was formed to review global
responses to zoonotic diseases over the past several decades and to examine
the current state of global zoonotic disease surveillance systems in light of
the underlying causes of disease emergence and spread. The committee was
asked to examine how an investment in global disease surveillance should
be considered relative to funding emergency (critical situation) responses,
and to make recommendations for improving coordination between differ-
ent surveillance systems, different governments, and different international
organizations.

After its review,! the committee found that, in the United States and
elsewhere, traditional systems of infectious disease surveillance in humans
operate separately from those for animals. This separation impedes com-
munication between human and animal health officials on zoonotic disease
occurrences that can threaten human health. For example, during the 1999
West Nile virus outbreak in the United States, a veterinarian tried to notify
human health authorities about the possible connection between bird die-
offs in a New York zoo and human outbreaks of febrile illness occurring in
the same area. However, human health officials did not act upon the alert
to investigate the potential threat to humans in a timely manner. Another
problem is the mismatch of surveillance capabilities in locations where
diseases are most likely to emerge. The industrialized world has the most
robust surveillance systems for both human and animal health; however,
most recent zoonotic diseases have emerged in the developing world, where
surveillance systems are weaker.

Disease surveillance is essential to ensure that information is passed on
to authorities to implement an efficient, early response, averting the need
for a large emergency response after the disease has spread. A previous as-
sessment estimated that an investment of $800 million per year is needed
for global disease surveillance and early response capabilities; however, the

IThe committee’s review was based on its data-gathering sessions, survey data, expertise
of committee members, and Achieving Sustainable Global Capacity for Surveillance and
Response to Emerging Diseases of Zoonotic Origin: Workshop Summary (IOM and NRC,
2008).
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economic losses from emerging, highly contagious zoonotic diseases have
reached more than $200 billion over the past decade. Therefore, a global
zoonotic disease surveillance system to reduce the emergence of zoonotic
diseases in humans and to help detect other livestock diseases early could
help to prevent the staggering economic losses associated with zoonotic dis-
ease outbreaks. It was beyond the committee’s charge to comprehensively
assess how best to implement appropriate evidence-based responses to an
emerging zoonotic disease in human and animal populations; therefore,
significant further review and study of integrated emergency response sys-
tems is needed.

Detecting and responding to zoonotic diseases is challenging, the com-
mittee found, because the underlying drivers of zoonotic disease emer-
gence and spread result from an evolving complex of biological, genetic,
ecological, political, economic, and social factors. One catalyst for disease
emergence is the increasing demand for meat in developing countries where
there are also many challenges in proper animal production management.
In those countries, human populations and urban centers are expanding,
with housing and agriculture competing with existing wildlife habitat.
The movement of goods and people across borders—such as trade in food
animals and exotic pets, international travel, and the movement of refu-
gees into compromised living conditions—has increased the risk of disease
spread. Climate change models suggest that wildlife migration patterns
could change and that precipitation increases could lead to an expansion
of insect- and water-borne diseases. The convergence of these diverse and
nuanced drivers can create zoonotic disease “hotspots.”

However, effective surveillance systems rely on local and national par-
ticipants’ ability and willingness to accurately report disease outbreaks, and
their capability to implement local and national responses. Early identifica-
tion of zoonotic disease emergence is essential to rapidly contain outbreaks,
yet many local and national authorities lack the human and technical
capability, capacity, and supporting financial resources to do so. Tensions
increase when reporting can lead to international health and economic
consequences, such as trade sanctions, travel warnings, animal culling,
and declining public confidence in products, as was the case with pork
products during the influenza A(H1N1) 2009 outbreak. Local and national
incentives for reporting disease outbreaks help alleviate an individual or a
country’s fears about bearing such consequences alone and can diminish the
temptation to conceal or withhold information.

The drivers of zoonotic disease emergence and the measures to prevent
their emergence and spread are global in nature. The issues are important to
the international community and cannot be addressed by individual coun-
tries acting alone. Confronting the threat of zoonotic disease emergence
benefits governments and people of all states, thus the committee concluded
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that a global zoonotic disease surveillance system? is a global public good.?
While disease surveillance and response are the responsibility of every na-
tion, a system providing sustainable global coverage will only be possible
with the efforts of nearly all nations and will require active national and
international collaboration with relevant private and public stakeholders.
The committee concluded that because the U.S. government is among
the world leaders in disease surveillance and has a considerable stake in
preventing the emergence and limiting the spread of zoonotic diseases,
it should lead efforts to coordinate a globally integrated and sustainable
zoonotic disease surveillance system. However, improving global zoonotic
disease surveillance cannot be achieved without the proactive engagement
of the World Health Organization (WHO) and the World Organization
for Animal Health (Office International des Epizooties, OIE), the global
standard-setting bodies for human and animal health, respectively. It is im-
perative for the Food and Agriculture Organization of the United Nations
(FAO), the World Trade Organization, and private industry to be involved
because of their roles in global food safety and security through trade
agreements among their member countries, and because of their roles in
implementing disease surveillance to meet respective goals and missions.

RECOMMENDATIONS

Achieving an effective zoonotic disease surveillance system that is global,
sustainable in funding and capacity, and integrated across disciplines and
sectors will require technical, economic, and political improvements (see
Table S-1). Recommendations assigned as high priority are foundational for
a global, integrated, zoonotic disease surveillance and response system. The
remaining recommendations are considered priority, although not listed in
rank order. While resources and leadership sufficient for carrying out these
recommendations may result in different implementation timetables, each
of the 12 recommendations is essential to achieve and sustain a successful
global system.

2The committee defines “zoonotic disease surveillance” as the ongoing systematic and timely
collection, analysis, interpretation, and dissemination of information about the occurrence,
distribution, and determinants of diseases transmitted between humans and animals. Zoonotic
disease surveillance reaches its full potential when it is used to plan, implement, and evaluate
responses to reduce infectious disease morbidity and mortality through a functionally inte-
grated human and animal health system.

3The International Task Force on Global Public Goods defines “global public goods” as
“issues that are broadly conceived as important to the international community, that for the
most part cannot or will not be adequately addressed by individual countries acting alone and
that are defined through a broad international consensus or a legitimate process of decision-
making” (2006, p. 13).
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TABLE S-1 Recommendations by Priority and Category

Technical

Economic

Political

Strengthen Surveillance
and Response Capacity

Financing and Incentives
for Surveillance and
Response

Governance of Global
Efforts to Improve
Surveillance and Response
Capabilities

High Establish surveillance Establish sustainable Create a coordinating body
priority and response strategies funding strategies for global zoonotic disease
(Recommendation 1-1) (Recommendation 2-1) surveillance and response
(Recommendation 3-1)
Priority Improve use of Create an audit and Deepen the engagement

information technology
to support surveillance
and response activities

(Recommendation 1-2)

Strengthen the
laboratory network to
support surveillance
and response activities
(Recommendation 1-3)

Build human resources
capacity to support

surveillance and response

efforts
(Recommendation 1-4)

Establish a zoonotic
disease drivers panel
(Recommendation 1-5)

rating framework

for surveillance and
response systems
(Recommendation 2-2)

Strengthen incentives
for country and

local reporting
(Recommendation 2-3)

of stakeholders
(Recommendation 3-2)

Revise OIE
governance strategies
(Recommendation 3-3)

Mitigate disease threats
from wildlife and trade
(Recommendation 3-4)

NOTE: OIE = World Organization for Animal Health.

High-Priority Recommendations

The committee examined several infectious disease surveillance systems
already in operation to identify some effective systems, uncover gaps in ef-
forts, and examine improvements to existing systems to achieve the desired
global disease surveillance system. Table 4-2 in the report presents a sum-
mary of current system gaps and challenges.

Technical: Strengthen Surveillance and Response Capacity

The committee found that the United States and Europe are greatly
overrepresented in reports of emerging disease outbreaks, which is cer-
tainly related to disease surveillance and laboratory capacity. However,
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irrespective of resource availability, the committee was unable to identify
a single example of a well-functioning, integrated zoonotic disease surveil-
lance system across human and animal health sectors. The committee found
large gaps in existing disease surveillance networks, including coverage
across species and across geographic space. Of concern is that the cause for
90 percent of human infectious disease cases could not be identified, even
in developed countries.

Recommendation 1-1: The U.S. Departments of Health and Human
Services, Agriculture, Homeland Security, and the Interior should col-
laborate with one another and with the private sector and nongovern-
mental organizations to achieve an integrated surveillance and response
system for emerging zoonotic diseases in the United States. In addition,
these government agencies, including the U.S. Department of State and
USAID, should collaborate with WHO, FAO, and OIE to spearhead
efforts to achieve a more effective global surveillance and response sys-
tem, learning from and informing the experiences of other nations.

Given finite resources and the complexity of the challenge, an integrated
zoonotic disease surveillance and response system can succeed only if the U.S.
government and its partners, informed by best practices documented to date,
develop strategic approaches and strengthen the needed capacities at both the
national and global levels. Such strategic approaches would include

(a) Work with researchers to develop science-based criteria to determine
the magnitude and distribution of disease drivers.

(b) Immediately strengthen surveillance in human populations at high-
risk for zoonotic diseases (for example, livestock and poultry workers) in
countries where disease surveillance in animal populations is weak.

(c) Develop and strengthen surveillance systems in animal populations
so that outbreaks are detected early in animal populations rather than dis-
covered later through secondary human outbreaks.

(d) Synchronize and share surveillance information from both human
and animal populations in an integrated system, in as close to real time as
is possible.

(e) Engage science-based nongovernmental organizations as valuable
partners that provide the wide geographic reach and field-expertise needed
for more comprehensive surveillance and response activities.

Economic: Financing and Incentives for Surveillance and Response

Funding needs will be significant to develop and sustain a global disease
surveillance system for emerging and reemerging zoonotic diseases. Existing

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

SUMMARY 7

international aid architecture is fragmented and donor funding is unpredict-
able, especially during a global economic crisis. The committee concluded
that the long-term infrastructure for disease surveillance and response has
been underfunded in part due to the historical practice of time-limited do-
nor funding for specific diseases.

Recommendation 2-1: USAID—in partnership with international fi-
nance institutions and other bilateral assistance agencies—should lead
an effort to generate sustainable financial resources to adequately sup-
port the development, implementation, and operation of integrated zoo-
notic disease surveillance and response systems. An in-depth study of
the nature and scope of a funding mechanism should be commissioned
by these agencies, and the study should specifically consider a tax on
traded meat and meat products as a potential source of revenue.

Given the benefits the international community derives from early de-
tection of a potential health or economic (trade) risk, countries with greater
resources need to show leadership by supporting low-income countries and
international organizations. Whatever the source for sustainable financing,
it should be tied to activities that can increase the risk of zoonotic disease
emergence and spread, such as trade. The proposed levy on traded meat and
meat products places the burden on the wealthier importing countries. Ac-
cess to funding could be dependent on the recipient country’s commitment
to and development of national surveillance capabilities.

Political: Governance of Global Efforts to Improve Surveillance and
Response Capabilities

Recent concerns about a potential highly virulent human influenza
pandemic have resulted in coordinated international action to help coun-
tries improve their ability to detect disease outbreaks. In 2006, the UN
appointed a System Influenza Coordinator (UNSIC), which has been a key
factor in the development of strong partnerships among technical agencies
such as WHO, FAO, OIE, and other bilateral and multilateral partners, in-
cluding the World Bank. UNSIC provides a useful model for the governance
of a global zoonotic disease surveillance system.

Recommendation 3-1: USAID, in cooperation with the UN and other
stakeholders from human and animal health sectors, should promote
the establishment of a coordinating body to ensure progress toward
development and implementation of harmonized, long-term strategies
for integrated surveillance and response for zoonotic diseases.
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A streamlined architecture for global health governance on zoonoses
would benefit from structured coordination of critical intergovernmental
bodies. Establishing a permanent zoonotic disease coordinating body with
the authority and means to bring together technical agencies, including
WHO, FAO, and OIE, will ensure that all relevant stakeholders are con-
sulted and involved. The mechanism could also draw attention to problems
and challenges faced in implementation of the International Health Regula-
tions (IHR) 2005, OIE agreements, and OIE/FAQ strategies, and identify
additional funding streams for zoonotic disease control.

Priority Recommendations

Technical: Strengthen Surveillance and Response Capacity

Improve Use of Information Technology Information technology is es-
sential for early disease detection, monitoring, and surveillance by enabling
real-time collection and sharing of detailed information about outbreaks.
Technological breakthroughs have led to new ways to collect and transmit
epidemiological, clinical, demographical, and other information in the field.
These include the use of handheld computers, cell phones, remote sensing,
and web-based data streams, which are used to capture and disseminate in-
formation from even the most remote and resource-challenged countries.

Recommendation 1-2: With the support of USAID, international or-
ganizations (such as WHO, FAO, OIE, and the World Bank) and
public- and private-sector partners should assist nations in developing,
adapting for local conditions, and implementing information and com-
munication technologies for integrated zoonotic disease surveillance.
Effective use of such technologies facilitates acquisition, integration,
management, analysis, and visualization of data sources across hu-
man and animal health sectors and empowers information sharing
across local, national, and international levels. To establish, sustain,
and maintain this technologically sophisticated system, both leadership
and investment are critically needed.

Technology development should focus on bidirectional information
sharing with specific attention to data aggregation technology, open source
development, transparency, privacy, and standards to facilitate improved
communication within and between human and animal health sectors
and across borders. Leadership and investment is needed within each
country and will require partnership with key nongovernmental actors
such as private philanthropies, industry partners, and nongovernmental
organizations.
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Strengthen Laboratory Network Identifying the cause of emerging out-
breaks is a vital part of any disease surveillance system. Existing reference
laboratories lack broad capabilities in disease diagnosis because they often
have only agent-specific expertise and may lack a specific mandate for zoo-
notic disease surveillance. The committee found that no resource exists to
provide data on existing global zoonotic disease diagnostic laboratory capa-
bility and capacity for both human and animal health sectors. Moreover, no
model is available for a workable global laboratory network infrastructure
for integrated zoonotic disease diagnosis and reporting. What is clear is the
overall geographic mismatch between reference laboratory and collaborat-
ing center locations and hotspot regions (Figure S-1).

Recommendation 1-3: USAID should promote and initially fund the
establishment of an international laboratory working group charged
with designing a global laboratory network plan for zoonotic dis-
ease surveillance. The working group’s objective would be to design
a laboratory network that supports more efficient, effective, reliable,
and timely diagnosis, reporting, information sharing, disease response
capacity, and integration of human and animal health components. In
addition, a long-term coordinating body for zoonotic diseases, perhaps
modeled after the UN System Influenza Coordinator’s office (see Rec-
ommendation 3-1), should implement the global laboratory network
plan, manage it, and assess its performance in consultation with the
international laboratory working group.

Local and advanced reference technical laboratory capacity needs to be
organized into national, regional, and global networks. An international
working group—with representation from national human and animal
health laboratories from the public, private, and military sectors, interna-
tional nongovernmental organizations, professional associations, and wild-
life health—should be tasked to strategically outline steps to assess, plan,
and fund the needed global network laboratory capacity. Implementation
of the plan can be modeled on the U.S. Integrated Consortium of Labora-
tory Networks.

Build Human Resources Capacity To produce and retain a skilled mul-
tidisciplinary workforce capable of conducting integrated surveillance and
response, new and existing personnel need to be trained in field-based,
integrated emerging zoonotic disease surveillance and response.

Recommendation 1-4: Given the need for increased human capacity to

plan, conduct, and evaluate integrated zoonotic disease surveillance and
response, U.S. government agencies should take the lead in developing

Copyright © National Academy of Sciences. All rights reserved.
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new interdisciplinary educational and training programs that integrate
human and animal health and allied fields. Existing national and re-
gional training programs in field epidemiology, clinical, and laboratory
diagnosis supported by the U.S. Departments of Health and Human
Services, Agriculture, and the Interior should be improved to include
a better balance of human and animal health concerns, incorporate
contributions from laboratory and social science professionals, and
connect with one another where appropriate.

The National Institutes of Health’s Fogarty International Center—in
partnership with the Centers for Disease Control and Prevention (CDC),
U.S. Department of Agriculture (USDA) Agricultural Research Service,
USDA Animal and Plant Health Inspection Services, USDA National In-
stitute of Food and Agriculture (the former Cooperative State Research,
Education, and Extension Service), and U.S. Geological Survey—should
be funded to provide leadership and partner with educational institutions
and relevant ministries to develop these programs. The new curricula and
training programs need to include human and animal health profession-
als, paraprofessionals, and community and public health professionals for
maximal opportunities to improve interdisciplinary communication.

Establish a Zoonotic Disease Drivers Panel The drivers of zoonotic disease
are individually and collectively complex, and the measures for controlling
them are transnational in nature. Although some of these drivers are under-
stood in isolation or in simpler, temporal interactions with each other (e.g.,
food-insecure people resorting to hunting wild animals for bushmeat, which
in turn exposes them to HIV), the complex ways in which they change and
interact over time are not well understood. This is a serious and noticeable
gap in current global zoonotic disease surveillance and response efforts.

Recommendation 1-5: The U.S. Department of State, in collabora-
tion with WHO, FAO, OIE, and other international partners, should
impanel a multidisciplinary group of technical experts to regularly
review state-of-the-science information on the underlying drivers of
zoonotic disease emergence and propose policy and governance strate-
gies to modify and curb practices that contribute to zoonotic disease
emergence and spread.

The zoonotic disease drivers panel would regularly review scientific
information to inform national and global policymakers of strategic ac-
tions to mitigate consequences of driver interaction that can lead to disease
emergence. The group should be composed of the recommended coordi-
nating body for zoonotic diseases and international representatives with
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demonstrated technical expertise to examine the broad set of drivers. It
could be modeled after the Intergovernmental Panel on Climate Change.
The Science and Technology Advisor to the President and the Department
of State’s Science and Technology Advisor to the Secretary could co-lead
the effort and bring the results of the panel’s findings to the attention of
important stakeholders and diplomatic forums, including the UN, Group
of Eight (G8), Group of Twenty (G20), and regional intergovernmental
organizations.

Economic: Financing and Incentives for Surveillance and Response

Create an Audit and Rating Framework Countries participate in assess-
ments of national human and animal health systems under the IHR 2005
and OIE programs, respectively. At present, there is no independent mecha-
nism to review progress towards achieving integrated surveillance and
response system capabilities, increasing the likelihood of uneven or incom-
plete progress.

Recommendation 2-2: USAID should convene a technical working
group to design and implement, by the end of 2012, an independent
mechanism to audit and rate national surveillance system capacities
for detecting and responding to emerging zoonotic disease outbreaks
in humans and animals.

The technical working group needs representation from WHO, FAO,
OIE, academia, nongovernmental organizations, national governments, and
private-sector partners. The 2012 deadline coincides with the target date
for full implementation of IHR 2005. Assessing both country risk and reli-
ability of reporting disease outbreak can help stakeholders identify barriers
to improve national and global capabilities. National surveillance capacity
information should be made publicly available by each country and such
information should be subject to independent audit and verification by the
audit framework. Because information on national risk is a public good,
resources to support this activity should be sourced through the global
funding mechanism described in Recommendation 2-1. This audit and rat-
ing framework would be housed within an independent global technical
consortium.

Strengthen Incentives for Country and Local Reporting An important
lesson from disease outbreaks such as HPAI H5N1 is that the ability of the
global human and animal health systems to respond is only as good as the
ability and willingness of local and national systems to detect and report
outbreaks. Bilateral aid agencies and international organizations have not
yet paid enough attention to reducing the tendencies of countries to conceal
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outbreaks. Such measures would include designing economic incentives for
reporting outbreaks, providing adequate compensation to cover economic
impacts of response, and assuring that implemented control measures are
based on scientific evidence.

Recommendation 2-3: To reduce incentives to conceal outbreaks and
mitigate the negative social and economic repercussions of early dis-
ease reporting (e.g., stigma of disease, food safety concerns, culling,
and trade and travel disruptions), financial incentives at the following
levels are needed through partnerships among bilateral aid agencies, the
international community, and national governments:

(a) Country level: USAID—in partnership with international finance
institutions and other bilateral assistance agencies—should im-
plement economic incentives to encourage middle- and low-
income countries to report human, animal, and zoonotic disease
outbreaks.

(b) Local level: National governments, with added support from the
international community, should identify and provide the resources
needed for financial incentives to promote early disease reporting
and to engage in effective responses at the local level.

The international community can also minimize the unnecessary cost
of sanctions at both levels by using existing regulatory mechanisms, like
zoning and compartmentalization, where appropriate. International com-
munity application and acceptance of these initiatives allow for continued
trade of safe products from countries or zones that have reported a disease.
In addition to funding for upgrading surveillance capacity, guaranteed assis-
tance with outbreak containment needs emphasis, including the availability
of diagnostic kits and vaccines for humans or animals. Without such sup-
port, countries have fewer incentives to report disease outbreaks, regardless
of international legal obligations.

National governments need to make explicit plans to increase incen-
tives by allocating financial resources for adequate reparation to those who
stand to lose from reporting, while decreasing disincentives by reviewing
and reducing the unwarranted use of outbreak control measures such as
travel restrictions, quarantines, and culling.

Political: Governance of Global Efforts to Improve Surveillance and
Response Capabilities

Deepen Engagement of Stakeholders The complexity of achieving sustain-
able, integrated national and global surveillance and response systems for
zoonotic diseases requires deliberate and intensified efforts to engage and
connect all relevant stakeholders at each governance level—local, national,
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and global. Moreover, high stakes for trade or industry groups—as illus-
trated by the detection of bovine spongiform encephalopathy (BSE) in three
cows in the United States between 2003 and 2006, causing great economic
harm to that industry with a total loss of $11 billion—necessitate their
involvement as well.

Recommendation 3-2: In its work on zoonotic disease surveillance and
response, USAID—in collaboration with WHO, FAO, and OIE—should
convene representatives from industry, the public sector, academia,
nongovernmental organizations (NGOs), as well as smallholder farmers
and community representatives to determine how best to build trust and
communication pathways among these communities in order to achieve
the efficient bi-directional flow of both formal and informal informa-
tion needed to support effective, evidence-based decisionmaking and
coordinated actions.

The public desires higher levels of health and less risk of disease; gov-
ernments have a political interest in the trade-off between improving the
levels of sanitary health on behalf of citizens and the freedom of interna-
tional commerce; and industry has an economic interest in the trade-off
between quality and yield. Despite these often mutually beneficial interests,
different sectors can still be resistant to working together. To overcome such
barriers, it is critical to engage relevant stakeholders from all levels to help
build transparency and trust.

Revise OIE Governance Strategies The committee analyzed similarities
and differences in the governance strategies and legal obligations embed-
ded within WHO’s THR 2005 and OIE’s approaches, rules, and resolutions.
Although they have more similarities than some comparative analyses have
recognized, the committee concluded that the OIE rules lack important
provisions found in IHR 2005 that should be operative to promote animal

health.

Recommendation 3-3: To protect animal health and international trade,

and to contribute significantly to the reduction of human and animal

health impacts from zoonotic diseases, OIE members states should take
the necessary steps to:

(a) Adhere to Resolution 17 (adopted on May 28, 2009), which re-
minds OIE member states of their obligation to make available to
OIE all information on relevant animal diseases, including those
that are of zoonotic potential.

(b) Create legally binding obligations for OIE members to develop and
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maintain minimum core surveillance and response capabilities for
animal health risks, including zoonotic diseases.

(c) Authorize OIE to publicly disseminate information received from
nongovernmental sources, in the event OIE member states fail to
confirm or deny such information in a timely manner, or when de-
nials of such information run counter to persuasive evidence that
OIE has obtained from other sources.

(d) Empower the OIE Director-General to declare animal health emer-
gencies of international concern with respect to emerging or re-
emerging zoonotic diseases that constitute a serious animal or
public health risk to other countries and issue recommendations
about how countries should address such emergencies.

Adopting these four outlined principles will strengthen OIE’s ability
to ensure that its member nations have the minimal capacity for effective
surveillance and response to animal diseases, enabling them to control ani-
mal diseases before they decimate animal populations and impact human
health. These four recommendations provide a stronger foundation for
coordinating and collaborating among human and animal health organiza-
tions, ministries, and experts.

Mitigate Disease Threats from Wildlife and Trade The legal and illegal
trade in wildlife and wildlife products is an often ignored conduit for zoo-
notic pathogens, and it is apparent that the ability to monitor and control
this trade is limited. There is also a noted lack of coordination, even within
the United States, for disease detection in livestock and animal product
imports and in wildlife.

Recommendation 3-4: To mitigate and decrease the threat of zoonotic

diseases emerging from wildlife, U.S. government entities and their

international partners, especially OIE, should proactively take the fol-
lowing initiatives:

(a) Conduct a comprehensive review of federal and state laws on
trade in wildlife as a prelude to optimizing the policy and regula-
tory options to identify gaps and weaknesses in such laws, and to
enact new legislation, regulations, or administrative rule changes to
strengthen the government’s ability to protect human and animal
health from diseases carried by wildlife traded through foreign or
interstate commerce.

(b) Incorporate efforts and initiatives that support actions to prevent,
prepare for, protect against, and respond to threats to human and
animal health into current and new international negotiations and
cooperative processes that address drivers of zoonotic diseases
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(e.g., exotic pet trade, food safety and security, environmental
degradation, and climate change).

(c) Pursue negotiations for a new international agreement on trade
in wildlife species that improves international collaboration on
reducing the threat that such trade presents to human and animal
health. The objectives of the negotiations and the agreement would
be to make wildlife-related zoonotic disease prevention and control
a higher priority in the international management and control of
legal and illicit trade in wildlife species, the production and distri-
bution of food and animals, and environmental protection.

(d) Incorporate wildlife diseases and zoonoses into the OIE World Ani-
mal Health Information System and integrate reporting on wildlife
diseases and zoonoses in the Global Early Warning System. OIE
should also expand the role and capability of its Working Group
on Wildlife Diseases in order to more effectively meet the growing
zoonotic threat that wildlife diseases represent.

U.S. government entities including the Departments of Agriculture,
Commerce, Health and Human Services, Homeland Security, and the Inte-
rior should take the lead for these recommendations. Other relevant enti-
ties include the U.S. Postal Service and the U.S. Trade and Development
Agency. To overcome the current fragmentation of responsibility in the
United States, a first step would be establishing an inter-agency working
group to recommend a collaborative strategy for improved oversight and
action. Internationally, OIE should adopt a broader view of its remit by
forming an ad hoc committee to assess the most significant disease risks in
the international trade in wildlife, including those of potential impact to
human, livestock, and environmental health.

CONCLUSION

Minimizing morbidity and mortality in human and animal popula-
tions and protecting national and global security, international trade, and
individual livelihoods through a sustainable and integrated zoonotic disease
surveillance system is both a global public good and in the self-interest of
all nations. Steadfast global dedication of attention and resources from
multiple collaborating sectors is needed to achieve such a system, and it
will also require unprecedented collaboration across all levels, sectors, and
professional disciplines. Implementing all of the committee’s recommen-
dations would also strengthen the global implementation of IHR 2005,
WHO?’s legal mechanism for improving disease surveillance and response
capacities for its member countries. The committee’s recommendations re-
flect elements and resources needed to strengthen global efforts to improve
zoonotic disease surveillance and response.
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“The confluences of human and animal health, along with wildlife, create
new opportunities for pathogens to emerge and reemerge.”

—Animal Health at the Crossroads: Preventing
Detecting, and Diagnosing Animal Diseases
(National Research Council, 2005a)

Zoonotic! pathogens have caused the majority of the emerging infec-
tious disease events in the past six decades (see Figure 1-1) (Woolhouse
and Gowtage-Sequeria, 2005; Jones et al., 2008). These diseases have the
potential to cause significant morbidity and mortality in humans and ani-
mals, with resulting implications for international trade, travel, economies,
and national security. Global interconnectivity has increased opportuni-
ties for disease emergence and rapid disease transmission, and the various
linkages in the global economy also enable systemic social, political, and
economic consequences (World Economic Forum, 2006). Public awareness
and concern have grown dramatically as the potential for a global pandemic
of influenza was heightened by the emergence of highly pathogenic avian
influenza (HPAI) H5N1 infections and with the arrival of pandemic HIN1
in 2009. There is a need and possible momentum for new country-led
initiatives and international collaborations aimed at managing this global

threat (Murphy, 2008).

CHARGE TO THE COMMITTEE

Statement of Task

The Committee on Achieving Sustainable Global Capacity for Surveil-
lance and Response to Emerging Diseases of Zoonotic Origin was convened

1A zoonotic disease or infection is transmissible between animals and humans. Zoonoses
may be bacterial, viral, or parasitic, and may involve unconventional agents (IOM, 2003;
WHO, 2008).
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by the Institute of Medicine (IOM) and the National Research Council
(NRC) at the request of the U.S. Agency for International Development
to examine the needs and challenges associated with building sustainable
global disease surveillance and response for zoonotic diseases. This included
a review of the diseases that have emerged in the past several decades and
the drivers associated with their emergence and reemergence; a review of
the current state of existing global disease surveillance systems for zoonotic
disease; and an examination of policy and regulatory options to mitigate or
decrease the threat of zoonotic diseases globally. The committee was also
asked to recommend ways to strengthen and improve coordination of the
human and animal health systems and the mechanisms that govern them
to achieve sustainable and timely disease surveillance worldwide that could
improve the prevention of and response to these disease threats (see Box
1-1 for the Statement of Task).

Limitations on the Scope

Security threats can be caused by the intentional introduction of mi-
crobes for deliberate disease emergence. While the committee recognizes the
dual-purpose nature of zoonotic pathogens and its potential for biosecurity
concerns, this report is instead focused on nondeliberate disease emergence
and events.

In addition, the report predominantly addresses surveillance concerns
rather than focusing on response measures. The committee understood the
importance of acting on surveillance information to prevent and control
emerging zoonotic disease outbreaks. However, given the serious gaps and
challenges that currently preclude early detection and reporting and the
limitations of the committee’s charge, the committee primarily focused
its efforts to address these surveillance gaps and challenges. Significant
additional review, discussion, and consideration would be needed at a
future time to comprehensively assess how best to implement appropriate
evidence-based responses following the detection of an emerging zoonotic
disease in human and animal populations.

The Committee’s Approach to Its Task

Several publications from the IOM and the NRC have examined the
topics of infectious diseases and microbial threats to health and security
(IOM, 1992, 2003), and the challenges and resources needed to strengthen
animal health infrastructure, including the training of veterinarians (NRC,
2004, 2005a,b). This report builds on perspectives outlined in the report
Animal Health at the Crossroads: Preventing, Detecting, and Diagnosing
Animal Diseases (NRC, 2005a).
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BOX 1-1
Statement of Task

The charge to the committee was to provide consensus advice on the chal-
lenge of achieving sustainable global capacity for disease surveillance and re-
sponse to emerging diseases of zoonotic origin. Specifically, the committee was
to address the following issues:

1. Review the emergence and spread over the past several decades of a diverse
range of agents of zoonotic origin.

2. Summarize what is known about the causes underlying this growing phenom-
enon, trends in these factors, and the implications for long-term domestic and
international development and security.

3. Assess the evolving nature, extent, and risks of animal and human interac-
tions, focusing specifically on recent infectious disease events of international
significance, such as highly pathogenic avian influenza H5NI.

4. Review the historic human and animal health responses to emergent zoonotic
diseases along with lessons learned that may be applicable to future threats.

5. Review the current state of and gaps in global systems for disease surveillance
of zoonotic infections in human and animal populations.

6. Develop conclusions on the appropriate balance between emergency re-
sponse to threats and establishing sustainable global disease surveillance
capacity for early detection, mitigation, and characterization of known, chang-
ing, and unknown threats.

7. ldentify and prioritize for the international context recommendations to
strengthen and improve coordination of the human and animal health systems
to achieve a sustainable and integrated institutional capacity for timely disease
surveillance that could improve prevention of and response to zoonotic dis-
eases across both realms.

8. Explore options—including policy and regulatory options, such as international
agreements—to mitigate and decrease the threat of emerging zoonotic dis-
eases worldwide, and to improve coordination between governments and other
relevant international organizations.

The Committee on Achieving Sustainable Global Capacity for Surveil-
lance and Response to Emerging Diseases of Zoonotic Origin met over
10 months. A 2-day workshop was held in conjunction with the first com-
mittee meeting in June 2008 in Washington, DC. At the data-gathering
workshop, invited speakers and experts discussed aspects of building
capacity for disease surveillance and response to emerging zoonotic dis-
eases. Speakers and participants included representatives from international
organizations, U.S. government agencies, and researchers and academi-
cians from the Americas, Asia, and Africa. A summary of the workshop
proceedings, Achieving Sustainable Global Capacity for Surveillance and
Response to Emerging Diseases of Zoonotic Origin: Workshop Summary,
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was published in December 2008 (IOM and NRC, 2008).2 The committee
collected more information through four additional committee meetings,
two teleconference meetings with invited experts, and multiple conference
calls and electronic communications.

The committee defined several crucial terms for the purpose of this
report, and the definitions are found in Appendix A. The committee consid-
ers public health to include both human and animal health. When human
health officials, clinicians, researchers, or policymakers are referenced in
discussions, the reader should also assume the committee intends to include
their equivalents in the animal health realm, although such interactions are
not yet routine. The committee refers to integrated systems to convey the
importance of connecting and engaging both human and animal sectors in
addressing the problem of emerging zoonotic infectious diseases.

INTERNATIONAL CONTEXT FOR ZOONOTIC
DISEASE SURVEILLANCE AND RESPONSE

An important development in the past decade, driven by the emergence
of HPAI H5N1 and severe acute respiratory syndrome (SARS), has been a
transformation in how governments, international governmental organiza-
tions, and nongovernmental actors think about emerging zoonotic disease
surveillance and response capacities. Human and animal health threats—
and their intersections—have risen in public concern to become subjects
of foreign policy and diplomacy. In this rise to political prominence, the
committee recognized conceptual innovations in the way stakeholders think
about disease surveillance and response capacities, and why they are im-
portant. Through foreign policy and diplomacy, governments attempt to
achieve four objectives:

1. To protect the nation’s security;

2. To advance the nation’s economic well-being and power;

3. To foster development in countries and regions important to the
nation’s security and economic interests; and

4. To protect human dignity through humanitarianism and human
rights (Fidler, 2008).

Although past governance efforts against human and animal health threats
have touched on some of these functions, they have never been systematic
or conducted in ways that really mattered in the “high politics” of national
or international politics. That may explain why the international regimes
for human and animal health developed as devices to reduce the economic

2Available online through the National Academies Press at www.nap.edu.
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burden of outbreaks, even though the World Health Organization eventu-
ally linked human health to human rights by advocating “Health for All”
as a right under the Alma Ata declaration (WHO, 1978). Some key inter-
national governmental organizations relevant to the discussion on global
surveillance and response of zoonotic diseases are described in Box 1-2.

The formal legal obligations that countries have to report emerging
human and animal infectious disease events are only one part of the in-
ternational institutional frameworks that guide the behavior of actors at
the global level; also important are the set of informal norms, rules, and
expectations they share. Because the economic, political, military, or even
moral power relationships between nations are commonly asymmetric, it
is essential to have international governance structures in place to limit
the impact of the hierarchy of power among the participating nations,
particularly if global public goods®>—that is shared objectives for the good
of all—are ever to receive support over more narrow national interests.
International “institutions,” including the “persistent and connected sets
of rules (formal or informal), that prescribe behavioral roles, constrain
activity, and shape expectations” (Keohane, 1984; Ostrom, 2005) can play
this role by guiding the interactions of actors towards the achievement of
shared objectives. These institutions are distinct from the actors involved,
which may be states, government agencies, organizations, corporations,
foundations, or even individuals.

While the institutions and the actors can be stable for long periods
of time, some events can so perturb the institutional framework that it
becomes necessary to find and negotiate a new set of rules and roles.
Emerging zoonotic infectious diseases represent such a redefining event
with respect to tourism, travel, and trade of food and animal products
across national borders. Moreover, emerging zoonotic infectious diseases
are not currently predictable, and so the “global institutions” that will gov-
ern the interactions between sovereign states and non-state actors (firms,
nongovernmental organizations [NGOs], individuals) will need to have
flexibility built in and be able to evolve to allow the involved actors to
effectively meet the challenges of governance as they arise. The commit-
tee believes that it is important to distinguish between the institutions, in
the context described, and the actors that must participate in building and
supporting a global surveillance and response system to address emerging
zoonotic infectious diseases. For example, as extensively discussed later in

3The International Task Force on Global Public Goods defines “global public goods” as
“issues that are broadly conceived as important to the international community, that for the
most part cannot or will not be adequately addressed by individual countries acting alone and
that are defined through a broad international consensus or a legitimate process of decision-
making” (2006, p. 13).
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BOX 1-2
International Institutions and Actors

WHO: The World Health Organization (WHO), created by the United Nations
(UN) in 1948, is the directing and coordinating authority for health within the UN
system. It is responsible for providing leadership on global health matters, shaping
the health research agenda, setting norms and standards, articulating evidence-
based policy options, providing technical support to countries, and monitoring and
assessing health trends. The World Health Assembly is the supreme decisionmak-
ing body for WHO and is attended by delegations from all 193 member states.
The Secretariat of WHO is staffed by some 8,000 health and other experts and
support staff on fixed-term appointments, working at headquarters in Geneva,
Switzerland, in the six regional offices, and in countries. WHO is headed by the
Director-General, who is appointed by the Health Assembly on the nomination
of the Executive Board. WHO collaborates with more than 800 institutions in 90
countries to carry out its programs and activities (www.who.int).

FAO: The Food and Agriculture Organization of the United Nations (FAO), created
in 1945, has the mission of raising levels of nutrition, improving agricultural pro-
ductivity, bettering the lives of rural populations, and contributing to the growth of
the world economy. The organization, headquartered in Rome, Italy, is directed by
the Director-General, elected by the Conference. FAO employs more than 3,600
staff members (1,600 professional and 2,000 general service staff) and maintains
5 regional offices, 9 subregional offices, 5 liaison offices, and 74 fully fledged
country offices—excluding those hosted in regional and subregional offices (www.
fao.org/about/mission-gov/en/).

OIE: The Office International des Epizooties (OIE, also known as the World Orga-
nization for Animal Health) is responsible for improving animal health worldwide.
It was created in 1924 by the ratification of an agreement by member states of
the League of Nations, and it is recognized as a reference organization by the
World Trade Organization. As of June 2009, OIE had a total of 174 member states.
The daily operations are managed by the Director-General, elected by the OIE
International Committee, from the Paris, France, headquarters. The organization
has approximately 40 health experts and support staff. OIE maintains permanent
relations with 36 other international and regional organizations and has regional
and subregional offices on every continent (www.oie.int).

WTO: The World Trade Organization (WTO) is an international organization es-
tablished in 1995 with the primary purpose to open trade for the benefit of all.
It provides a forum for negotiating agreements aimed at reducing obstacles to
international trade and ensuring a level playing field for all, thus contributing to
economic growth and development. It also provides a legal and institutional frame-
work for the implementation and monitoring of 16 different multilateral agreements
(to which all WTO members are parties) and two different plurilateral agreements
(to which only some WTO members are parties), as well as for settling disputes
arising from their interpretation and application. Decisionmaking is generally by
consensus of the entire membership (currently 153 members, of which 117 are
developing countries or separate customs territories). The organization is led by
the Director-General. The Secretariat is in Geneva, Switzerland, with 700 staff
members (wWww.wto.org).
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this report, the revised International Health Regulations 2005 (IHR 2005)
have been ratified by 194 nations and thus represent a legal requirement for
compliance under the IHR protocol. However, the underlying institutions
that will guide behavior as new challenges arise are less clear and less well
understood. Without some debate and agreement on a basic set of rules and
expectations, implementation of IHR 2005 may lag, and a truly effective
global governance arrangement will remain elusive.

ORGANIZATION OF THE REPORT

The report presents the committee’s findings, conclusions, and recom-
mendations on achieving a sustainable global zoonotic disease surveillance
and response system. Chapters 2 and 3 provide background context for
exploring the magnitude of the challenges and threats posed by zoonotic
diseases to human and animal health, macro- and microeconomies, global
trade, and the sociocultural-political impacts and interactions for disease
prevention and mitigation. Chapter 4 analyzes the current global capacity
for zoonotic disease surveillance and response, while Chapter 5 examines
the incentives and protections for improving disease reporting at various
levels. Financing challenges for sustaining global disease surveillance are
discussed in Chapter 6. Chapter 7 describes the governance mechanisms,
processes, and innovations the committee deems critical to strengthening
disease surveillance and response capabilities for human and animal health.
Finally, Chapter 8 provides recommendations for sustaining global surveil-
lance and response to zoonotic diseases and also examines some possible
challenges that will need to be overcome in effectively implementing and
strengthening efforts to protect human and animal health.

REFERENCES

Fidler, D. P. 2008. Pathways for Global Health Diplomacy: Perspectives on Health in Foreign
Policy (WHO Globalization, Trade and Health Working Paper Series, June).

International Task Force on Global Public Goods. 2006. Meeting global challenges: Interna-
tional cooperation in the national interest. Final Report. Stockholm, Sweden: Interna-
tional Task Force on Global Public Goods.

IOM (Institute of Medicine). 1992. Emerging infections: Microbial threats to health in the
United States, edited by J. Lederberg, R. E. Shope, and S. C. Oaks, Jr. Washington, DC:
National Academy Press.

IOM. 2003. Microbial threats to health: Emergence, detection, and response, edited by M. S.
Smolinski, M. A. Hamburg, and J. Lederberg. Washington, DC: The National Academies
Press.

IOM and NRC (Institute of Medicine and National Research Council). 2008. Achieving sus-
tainable global capacity for surveillance and response to emerging disease of zoonotic
origin: Workshop summary. Washington, DC: The National Academies Press.

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

INTRODUCTION 25

Jones, K. E., N. G. Patel, M. A. Levy, A. Storeygard, D. Balk, J. L. Gittleman, and P. Daszak.
2008. Global trends in emerging infectious diseases. Nature 451(7181):990-993.

Keohane, R. O. 1984. After hegemony: Cooperation and discord in the world political economy.
Princeton, NJ: Princeton University Press.

Murphy, E. A. 2008. Emerging zoonoses: The challenge for public health and biodefense. Prev
Vet Med 86(3-4):216-223.

NRC (National Research Council). 2004. The national need and priorities for veterinarians in
biomedical research. Washington, DC: The National Academies Press.

NRC. 2005a. Animal health at the crossroads: Preventing, detecting, and diagnosing animal
diseases. Washington, DC: The National Academies Press.

NRC. 2005b. Critical needs for research in veterinary science. Washington, DC: The National
Academies Press.

Ostrom, E. 2005. Understanding institutional diversity. Princeton, NJ: Princeton University
Press.

WHO (World Health Organization). 1978. Declaration of Alma-Ata. International conference
on primary health care, Alma-Ata, USSR, September 6-12. http://www.who.int/hpr/NPH/
docs/declaration_almaata.pdf (accessed July 15, 2009).

WHO. 2008. Zoonoses. http://www.who.int/topics/zoonoses/en/ (accessed November 11,
2008).

Woolhouse, M. E., and S. Gowtage-Sequeria. 2005. Host range and emerging and reemerging
pathogens. Emerg Infect Dis 11(12):1842-1847.

World Economic Forum. 2006. Global risks 2006. Geneva, Switzerland: World Economic
Forum.

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

Copyright © National Academy of Sciences. All rights reserved.



Sustaining Global Surveillance and Response to Emerging Zoonotic Diseases
http://lwww.nap.edu/catalog/12625.html

Making the Case for Zoonotic
Disease Surveillance

“The difficulty of uncertainty is that we are dealing with things that are
likely to emerge at some time and that need attention. We have to per-
suade decision-makers to invest in surveillance systems and other actions
to deal with these uncertainties in a flexible and responsive way without
being able to tell them, with an absolute precision, when they are going to
emerge and what their economic or social cost might be.”

—Dr. David Nabarro
Senior United Nations System Coordinator
for Avian and Human Influenza
Special Interview with the Committee
(September 11, 2008)

Recent emerging zoonotic diseases have had significant impacts in in-
dustrialized countries, despite well-developed health systems and sanitary
infrastructures (Vorou et al., 2007; Jones et al., 2008; Murphy, 2008),
and their impacts have been even more devastating for middle-income
and developing countries. When emerging diseases become endemic, they
not only continue to cause morbidity and mortality in human and animal
populations, but also represent a threat of future epidemics if conditions
for explosive transmission are reestablished. Emerging infectious disease
trends suggest that the frequency of such disease events that are zoonotic
in nature will not lessen in the future (McMichael, 2004; Woolhouse and
Gaunt, 2007; Jones et al., 2008). If anything, with increasing human and
animal populations and changing environments, the trends are more con-
sistent with continual increases in the pace of emergence; however, it is
simply unknown where or when they will occur (King, 2004; Morens et
al., 2004).

Disease surveillance represents the eyes and the ears of the global public
health effort, systematically generating information that informs actions
to contain, control, and mitigate the consequences in at-risk humans and
animals. Detecting diseases early through surveillance and implementing
early response measures can reduce the scope, magnitude, and cost of
emergency response measures downstream. To better predict and prevent
zoonotic disease outbreaks, scientific approaches are needed to gather and
understand information about the nature of disease appearance and spread,

27
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and to understand genetic-, population-, social-, and ecological-level char-
acteristics that enable zoonotic pathogens to jump species and spread easily
to humans. National and international support is also critical in addressing
this global issue.

SOCIOECONOMIC FACTORS AFFECTING
ZOONOTIC DISEASE EMERGENCE

Humans and animals can serve as pathogen reservoirs and vectors, and
pathogens that may have resided in one part of the world can be carried
or spread across long distances to become established in another part of
the world. Technological advances now allow humans, animals, animal
products, and their disease vectors to circumnavigate the globe in the span
of 24 hours. Distance is no longer a barrier to disease. For example, in the
first half of 2003, the United States saw concurrent importation of two
zoonotic agents never before seen in the country—severe acute respiratory
syndrome (SARS) and human monkeypox—as well as the establishment
of new geographical niches for West Nile virus (WNV), an agent new to
the United States and now endemic across the country. That same year, the
United States also dealt with its first diagnosed case of bovine spongiform
encephalopathy (BSE) despite more than 10 years of broad preventive ef-
forts by the government and industry. In 2008, international tourist arrivals
reached 924 million (UNWTO, 2009), a number that is estimated to grow
annually by 5 percent over the next 20 years (FAO et al., 2008).

Globalization and Trade

Today, more goods, people, technology, and financial resources flow
between countries than ever before, making countries less self-reliant and
more dependent on each other. The level of economic interdependence
among countries has increased dramatically on a global scale, especially
in the past decade, as illustrated in Figure 2-1. In 2008, total global trade
stood at $32.5 trillion, almost equally divided between imports and exports
(WTO, 2009). In 2008, the total value of food imported into the United
States was $735 billion or about 7.5 percent of total imports (Collins, 2007),
and more than 25,000 shipments of food regulated by the U.S. Food and
Drug Administration! arrived daily in the United States from more than
100 countries (Koonse, 2008).

In particular, the international trade of live animals and animal products

1The U.S. Food and Drug Administration inspects and monitors the safety of all foods,
domestic and imported, except for meat, poultry, and egg products, which are regulated by
the U.S. Department of Agriculture.
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has sharply increased over the past decade (Figure 2-2). Increased trade
brings increased movement of animals and animal products, thereby in-
creasing the potential for disease emergence from zoonotic pathogens.

The global food production system is highly competitive and increas-
ingly mobile. With attractive export markets, it often pays for exporting
countries to establish the necessary veterinary infrastructure to meet the
sanitary requirements of the importing country, as shown by countries such
as Thailand for poultry and Brazil for beef. However, even competitive mar-
ket economies do not necessarily reward additional investments in animal
health infrastructure or encourage disease surveillance to track changing
risk factors that might signal the potential emergence of a new disease. This
failure to build veterinary capacity is even more relevant in countries where
the food-animal production sectors primarily serve the local economy. Only
with time and adverse experience are some countries and companies now
grappling with disease threats across their production and distribution sup-
ply chains, including the possibility of full-fledged disease outbreaks.

Evolving Animal Agriculture and Trade

To remain economically viable in highly competitive environments
and to produce affordable animal protein for the growing global popula-
tion, there is continued pressure to seek out economies of size and scale,
including expanding or establishing operations in those parts of the world
offering favorable cost structures. Thus, the geographic distance between
where animals are produced and where ultimate consumption occurs con-
tinues to expand. North America currently supplies one quarter of global
meat exports (FAO, 2006). Asia has approached the Americas in volume
of poultry production in a little more than a decade (see Figure 2-3). Bra-
zil is now the largest single country for poultry and beef exports, and its
diversified export market enables the movement of products to more than
150 countries (FAO, 2009).

Starting with more developed agricultural economies, such as the United
States, but then spreading to other countries, much of the agricultural prod-
ucts that flow into international trade originate from increasingly capital
intensive enterprises and well-coordinated supply chains. On the supply
side, improvements in technology, infrastructure, and animal health have all
contributed to this growth. Along with improvements in other areas such
as genetics, nutrition, and management, the growing recognition of animal
and herd health programs has enabled expansion and growth of large-scale
animal agriculture. Large-scale production with animal crowding and un-
sanitary conditions in some settings has contributed to the use of antibiotics
to fight disease, with secondary effects on selection for antibiotic-resistant
microorganisms and environmental contamination.
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For countries such as the United States, the recognition that herds free
of selected diseases could be translated into broader social and economic
benefits has led to the support and implementation of national disease
eradication campaigns. Freedom from brucellosis and tuberculosis not only
contributes to the improvement of human and animal health, but has also
lowered production costs, thereby establishing an international marketing
advantage over countries that are not elevating their level of sanitary health.
The public investment in animal health infrastructure includes the capacity
to carry out disease surveillance, diagnosis, and treatment, and helps to
facilitate export growth by enabling the movement of disease-free animals
and related products into new markets and countries. To ensure that such
improvements are not jeopardized or compromised, imports of susceptible
animals or products are restricted from those countries that have not elimi-
nated disease or achieved comparable levels of sanitary health. This allows
certain exporting countries to further grow production capacity for domes-
tic and international markets, largely through the adoption of standards
formulated through the World Organization for Animal Health (OIE).?

The higher level of sanitary infrastructure has provided benefits to both
producers and consumers. Producers benefit through factors such as de-
creased costs of production (e.g., the extra cost of raising healthier animals
is compensated by survival, weight gain, and increased market price), real
or perceived increases in product quality, and the ability to meet consumer
demand. Consumers benefit from the reduced risk of exposure to zoonotic
pathogens.

In many parts of the world, the public investment in national animal
health infrastructure has not been commensurate with agricultural devel-
opment. South and Central America provide more than one-fourth of the
world’s agricultural exports (WTO, 2008), yet only 5 percent or so of
national government outlays go into agriculture support. Moreover, only 5
to 10 percent of that finds its way into animal and plant health programs,
and that is for a limited array of existing pathogens and pests (Pomareda,
2001). In sub-Saharan Africa, where food-animal production contributes
about 30 percent of the agricultural gross domestic product (GDP) and is
a part of the livelihood of about 150 million people, public expenditure on
food-animal production research and development is less than 10 percent
of the total public agricultural research expenditure (World Bank, 2008a).?
In addition, private-sector expenditure for agricultural research is low,

2The Office International des Epizooties (OIE) is also known as the World Organization
for Animal Health. OIE formulates standards related to animal health through committees
consisting of representatives from member countries that are later adopted in its general as-
sembly. OIE is recognized as a technical reference organization on animal health by the World
Trade Organization.

3Adapted from agricultural expenditure data in the 2008 World Development Report.
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although philanthropic organizations have more recently emerged to sup-
port crop and livestock research.

Emerging Market Economies

In 2000, emerging market economies accounted for 56 percent of the
global middle class. By 2030, that figure is expected to reach 93 percent;
China and India alone will account for two-thirds of this expansion. Rising
incomes and growing demand can increase total trade while altering exist-
ing and/or creating new trade flows, resulting in new or changing risk fac-
tors. For instance, rapidly growing economies fuel an increase in individual
wealth, which also increases the demand for meat. In 2007, the average
Chinese consumer ate 50 kg of meat, which is more than twice the amount
consumed in 1985 (The end of cheap food, 2007). In 2008, an estimated 21
billion food animals were produced for a global population of 6.5 billion
people (FAO et al., 2008).

Market dynamics also led to more live animal auctions where animals
are brought together and then shipped across great distances and traditional
“wet markets” where local farmers market their live animals to local con-
sumers. These trends contribute to an increase in animal densities and closer
contact between humans and animals, with a considerably greater risk of
dispersing pathogens. International trade can transcend geographical bar-
riers that in the past may have naturally slowed the spread of disease. The
global market economy can also amplify disease effects through market in-
stability as characterized by price volatility, shifts in consumption patterns,
and variability in supplies.

International Wildlife Trade

Globalization has also impacted the movement of live, wild animals.
From 2000 to 2004, more than 1 billion live animals were legally im-
ported into the United States from 163 countries (Jenkins et al., 2007;
Marano et al., 2007). In 2007 alone, the U.S. Fish and Wildlife Service
processed 188,000 wildlife shipments worth more than $2.8 billion, and
recorded more than 200 million legally imported live wildlife (CRS, 2008a;
Einsweiler, 2008). These animals and animal products were imported for
zoo exhibitions, scientific research,* food and products, and increasingly for
the growing commercial pet trade, including many exotic animals (Marano,

#The U.S. Centers for Disease Control and Prevention (CDC) prohibited the importation of
most monkeys as companion animals in 1975, but some imported for research are now being
sold in the pet trade. CDC and other enforcement agencies do not track where animals go
after quarantine (Ebrahim and Solomon, 2006).
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2008). Most of these animals are not required under U.S. law to be screened
for zoonotic diseases before or after entering the country (Marano et al.,
2007). The effect of this, compounded by the lack of coordination among
U.S. government agencies involved in regulating different aspects of wildlife
imports, are important reasons for the failure to prevent the introduction of
new pathogens into the country (Stephenson, 2003). Some exotic animals
and wildlife that are banned from import are able to enter through the
illegal wildlife trade.’ These are likely to include less healthy, more risky
animals that pose a greater threat to human health and security (CRS,
2008a; U.S. House of Representatives, 2008). Even so, most of the zoonotic
diseases reported to be caused by wildlife trade involved imports of legal
wildlife (see Appendix B on monkeypox).

The European Union (EU) is the top global importer of wildlife and
wildlife products by value at €2.5 billion in 2005 (Engler and Parry-Jones,
2007), and it is concerned that increasing demands for wildlife importa-
tion is a driver of illegal and unsustainable trade. EU member states have
concluded that a major barrier to wildlife trade law enforcement and
implementation is their lack of a coordinated strategic approach to monitor
compliance (Theile et al., 2004; Engler and Parry-Jones, 2007). A review
of the socioeconomic factors that drive the wildlife trade in Southeast Asia,
which is both a consumer of wildlife products and a key supplier, revealed
the inadequacy of policies and interventions aimed at decreasing the illegal
and unsustainable trade of wildlife (World Bank, 2008b). Although poor
populations in this region are often involved in wildlife trade, they do not
necessarily drive this trade; therefore interventions for poverty reduction
are not likely to reduce wildlife exports. Instead, many experts consider that
the increased disposable income in consumer countries is the major con-
tributor of demand for Southeast Asian wildlife, parallel to the increased
access to these markets (World Bank, 2008b). These observations only serve
to highlight the complexity of market forces. On the supply side, the illegal
logging industry and the bushmeat trade has facilitated the extraction of
certain wildlife species and threatened local wildlife populations (Chomel
et al., 2007). Refugee camps set up in response to humanitarian crises, such
as northwestern Tanzania, have led to serious forest degradation and have
provided people with a greater proximity to wildlife habitats to hunt bush-
meat, resulting in a decline of wildlife populations (Jambiya et al., 2007).
The lack of a single international mechanism that captures data on wildlife
trade represents a serious shortcoming of current national and international
policies aimed at preventing illegal and unsustainable international wildlife
trade (Gerson et al., 2008).

SThe illegal wildlife trade is difficult to quantify, although some estimates range from $5
billion to more than $20 billion annually (CRS, 2008a).
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The Need for Disease Surveillance in Food Animals

Improved prevention and disease control efforts in food-animal health
has led to multiple benefits for human and animal populations, including
reduced human morbidity and mortality, enhanced food security, improved
market access for products, economic gains, and savings on potential out-
break costs (Caspari et al., 2007). Many countries have strengthened their
border controls and quarantine procedures, but the advances and benefits
in improving animal health through actions such as disease eradication,
prevention, and education have not been uniform across all countries.
However, as education has advanced and become more available, surveil-
lance and prevention efforts have also advanced and become specialized in
areas such as vaccines and diagnostics. Although significant investments
are needed to build infrastructure and institutional and regulatory capacity,
necessary investments have not yet been made to implement food-animal
disease surveillance, diagnosis, and treatment.

Countries such as the United States and Australia have made available
significant financial and technical resources for international disease eradi-
cation or control campaigns, especially in the past 5 years for the control
of highly pathogenic avian influenza (HPAI) H5NT1 in Southeast Asia. In
2006, the U.S. Agency for International Development (USAID) provided
$161.5 million for disease surveillance and pandemic preparedness for
avian influenza (CRS, 2008b). In 2009, USAID will award $260 million
over 5 years for the Predict and Respond initiatives aimed at four regions of
the world prone to zoonotic disease emergence (Grants.gov, 2009a,b). From
2003-2006, Australia’s Agency for International Development committed
$152 million to combat avian influenza and other emerging and reemerg-
ing zoonotic diseases (AusAID, 2009). The EU has supported major animal
disease eradication campaigns in Asia and Africa: Specifically in Africa, the
EU partnered with the Organization of African Unity in 1999, providing
an overall budget of €72 million for 7 years for the Pan African Programme
for the Control of Epizootics (PACE) (OAU-IBAR, 2009). PACE targeted
establishing and strengthening sustainable animal disease surveillance in
sub-Saharan Africa.

HEALTH AND ECONOMIC IMPACTS OF ZOONOTIC DISEASES

Human Health

Human mortality resulting from emerging zoonotic diseases has been
relatively low compared to other leading causes of death from infectious
diseases, with the exception of the 1918 influenza pandemic and HIV/AIDS,
a zoonosis that now transmits readily among humans. Between 2003 and
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2009, there were 421 confirmed human cases of avian influenza A(H5N1),
and as of April 23, 2009, 257 deaths were reported to the World Health Or-
ganization (WHO) (Figure 2-4). In contrast, between November 2002 and
July 2003, 8,096 individuals were diagnosed with SARS, which resulted in
774 deaths (WHO, 2004). As shown in Table 2-1, none of the recent major
emerging diseases has led to large fatality numbers. The number of people
infected or number of fatal cases, however, are not the only concerns.
Impacts on trade and movement of people, economic stability, and panic
and societal disintegration based on perception of danger can be seriously
disruptive to the global order.
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FIGURE 2-4 Number of confirmed human cases and deaths of avian influenza A
(H5NT1) reported to the World Health Organization by country and year. Confirmed

cases (left axis) and cumulative deaths reported (right axis) as of April 23, 2009.
SOURCE: WHO (2009).
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BOX 2-1
Examples of the Underestimated Burden of Zoonotic Diseases

Rhodesiense sleeping sickness: According to this study, the actual mortality
from sleeping sickness during an epidemic in southeast Uganda was approxi-
mately 12 times higher than reported. The authors considered that many sleep-
ing sickness cases were likely to have been misdiagnosed as malaria in poorly
resourced rural clinics and so were not properly treated; all such patients would
have died (Odiit et al., 2005).

Rabies: These studies estimated that the actual incidence of human rabies in
Tanzania was 10 times higher than reported through passive disease surveillance.
Worldwide, the number of rabies deaths annually was estimated to be 32 times
higher than the number reported to the World Health Organization (Fevre et al.,
2005; Knobel et al., 2005).

Leishmaniasis: The study reported that the actual incidence of visceral leish-
maniasis in Bihar, India, was estimated to be 8 times higher than reported by
passive disease surveillance (Singh et al., 2006).

Experience from past events and future projections based on contempo-
rary events warn that low mortality is not a given for all disease events. The
1918 pandemic influenza virus killed tens of millions of people in a short time
period, with estimates from 20 million to more than 50 million. Projections
on the potential human losses from HPAI H5N1, should it attain a similar
virulence as the 1918 virus, indicate that a severe pandemic of H5N1 virus
could kill as many as 1 in 40 infected individuals or some 71 million (Barry,
2005; McKibbin and Sidorenko, 2006). Approximately 1 million individuals
could die under a mild scenario (modeled after the Hong Kong influenza of
1968-1969), and 14 million under a moderate scenario (based on the char-
acteristics of the 1957 Asian influenza) (McKibbin and Sidorenko, 2006).
Looking at the same data, others suggest that as many as 180-260 million
could die in a worst-case scenario (Osterholm, 2005). Furthermore, zoonoses
can impose a significant human and animal health burden locally and, in
many cases, that burden is underestimated (see Box 2-1).

Economic Impact

The economic impact of disease outbreaks depends on several critical
factors, including public understanding and response, type of disease, and
market scope. Measuring the economic impact of emerging zoonotic infec-
tions is complex because there are so many sources of losses and dispropor-
tionate impacts on different sectors and geographic regions (Kimball and
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Davis, 2006). Table 2-1 provides estimated economic impacts associated
with outbreaks for selected zoonotic diseases.

Emerging zoonotic diseases can cause economic losses as a result of
morbidity and mortality among food animals, losses related to public inter-
ventions, and market losses at household, national, and global levels. Food-
animal morbidity and mortality losses can be the result of the disease itself,
or result from preventive actions such as culling of diseased, suspected, or
at-risk animals. As of January 2009, 61 countries reported outbreaks of
HPAI H5NT1 in poultry, of which slightly more than half were developing
countries. More than 250 million birds have died or been culled since the
onset of the disease; however, this accounts for less than 1 percent of the 52
billion birds slaughtered annually. However, in Vietnam, which has imple-
mented probably the most severe culling policy against HPAI H5N1, 50
million or 12 percent of the total annual poultry stock died or was culled,
heavily impacting household and national economies.

Economic losses related to public interventions can be the result of
efforts to prevent and eventually contain and eradicate the disease. Those
efforts include quarantine and disease surveillance systems, hospital and
medical services, and the cost and compensation for culling or eventual
other losses experienced by the private sector. This can also include losses
from unproductive “downtime” forced on affected poultry farms and mea-
sures to reduce human morbidity and mortality. During the SARS outbreak,
866 employees of the U.S. Centers for Disease Control and Prevention
participated in the human and animal health response, totaling 46,214
person-days at a cost of well over $20 million in salary alone. This in-
cluded deployments to 10 foreign countries and 19 domestic ports of entry
(Marano, 2008). In the course of the 1994 outbreak of plague in India, trade
and travel restrictions were imposed internally and externally, which led to
economic impacts that shocked the region’s stock markets with losses of
nearly $2 billion (Price-Smith, 1998; Cash and Narasimhan, 2000; Gubler,
2001). That 1994 plague outbreak in India is described in more detail in
Chapter 5. Similar travel and economic disruptions were seen with SARS:
Figure 2-5 shows tourist arrivals in China and Thailand and compares the
immediate impact of SARS with the 2004 Pacific Ocean Tsunami.

Losses through the market can result from changes in consumption
patterns and trade, which directly affect prices and can last long beyond
the period of risk. The spread of HPAI H5N1 caused international chicken
prices to fluctuate in major poultry markets in Europe, Africa, and the
Middle East (FAO, 2006). The EU’s total ban of beef and cattle exports
from the United Kingdom (UK) in March 1996 due to BSE (see Box 2-2)
resulted in the loss of trade estimated at £700 million per year (DTZ Pieda
Consulting, 1998; van Zwanenberg and Millstone, 2002; Kimball and
Taneda, 2004).
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FIGURE 2-5 Tourist arrivals in China (left axis) and Thailand (right axis) between
2001-2006.

SOURCE: Brahmbhatt (2006). Reproduced with permission from the World
Bank.

The combined economic impact of these losses indicates that outbreaks
and epidemics of zoonotic diseases can cause short- and long-term economic
consequences due to significant disruption of economic activities (Hanna
and Huang, 2004). Detailed breakdowns of economic losses as described
above are generally not available, but as shown in Table 2-1, total losses
from emerging zoonotic diseases over the past two decades exceed $200
billion. Economic losses would be even higher if one had reached a severe
pandemic scenario, which would amount to as much as 4.8 percent of
global GDP (Burns et al., 2008). The serious economic effects of pandemic
A(H1NT1) 2009 have yet to be realized presuming there is a major global
winter outbreak in the northern hemisphere. As shown in Figure 2-6, about
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BOX 2-2
The Economic Impact of Bovine Spongiform
Encephalopathy Outbreaks in the United
Kingdom, the United States, and Canada

In 1986, the United Kingdom (UK) had a major outbreak of a novel disease
in cattle, bovine spongiform encephalopathy (BSE) (Wells et al., 1987). By 1990,
British scientists suggested a possible link between BSE and Creutzfeldt-Jakob
disease (CJD); and thus, the UK government set up a new disease surveillance
unit with the mandate to identify any change in the pattern of this disease that
might be attributable to the emergence of BSE in humans. The existence of a
novel variant of CJD (vCJD) was first reported in 1996. A series of experimental
studies subsequently confirmed BSE transmissibility from animals to humans
(The BSE Inquiry, 2000). The years it took for scientists to gather the necessary
evidence to establish this linkage, however, delayed the introduction of measures
to protect human and animal health.

The costs associated with the BSE outbreaks in UK cattle from 1986 to 1996
were reviewed by the BSE Inquiry, a committee created to investigate the re-
sponse of the government to this animal disease. Based on this review, the public
sector and ultimately the taxpayers bore the brunt of the economic consequences
of BSE. Public expenditures due to BSE increased in the areas of biomedical re-
search, compensation payments, and operational overheads incurred by different
government agencies. From 1986 to 1996, the total expenditure on BSE-related
research was £61 million, while other government expenditures, including com-
pensation schemes and running costs, amounted to approximately £227 million
(The BSE Inquiry, 2000). The private sector also suffered, particularly the produc-
tion side of the beef industry and businesses (The BSE Inquiry, 2000). Before the
European Commission introduced a ban of UK beef and cattle exports on March
27, 1996, the economic impact suffered by the beef- and cattle-related industries
were relatively minor. The Inquiry concluded that the BSE-related costs suf-
fered by farmers and businesses accelerated the decline of the industry’s overall
growth. The introduction of the 1996 ban resulted in the collapse of the industry
that same year due to the loss of major export markets and related markets.

The United States and Canada suffered immense economic losses after
BSE-infected animals were detected in 2003. In the United States, the value of
U.S. beef exports dropped from $3.1 billion in 2004 to $2.5 billion in 2007 after
the detection of a BSE-infected cow in December 2003. Net revenues declined
by $1.5-2.7 billion per annum over the same period, resulting in a total loss to
the sector of $11 billion USD (USITC, 2008). In Canada, the subsequent ban of
Canadian beef and cattle imports by the United States and many other countries
following the detection of a BSE-infected cow in May 2003 resulted in a drop in
the value of beef and cattle exports of more than $1 billion in 2003, while domestic
cattle prices fell 50 percent (FAO, 2006).
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FIGURE 2-6 Economic impact of a potential human influenza pandemic by per-
centage of GDP (x-axis).

SOURCE: Brahmbhatt (2006). Reproduced with permission from the World
Bank.

60 percent of the economic losses would be from efforts to avoid infection
(e.g., minimizing face-to-face interactions). Although the economic impact
estimates in the case of an influenza pandemic show a high mortality in
humans, the largest impact might arise from the uncoordinated efforts of
people to avoid infection and the economic losses resulting from the reduc-
tion in the size and productivity of the world labor force due to illness and
death (Brahmbhatt, 2006).

Equity Impacts

In many of the least developed countries, both culling and the high
mortality of birds have had a major impact on the livelihoods of poultry-
dependent households. The poorest strata of rural households in developing
countries derive a higher portion of their income from food-animal produc-
tion than higher income households (de Haan et al., 2001). The importance
of food-animal production for the poor is even more pronounced in poultry.
In South Asian countries, more than 90 percent of flocks and 50-65 percent
of birds are kept under an extensive “backyard” system. Village household
surveys in Vietnam showed that income from the poultry sector was im-
portant for 99 percent of the poor households; losses because of death or
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FIGURE 2-7 Household income and expenditure effects of a backyard poultry ban
(percentage change in annual income).
SOURCE: Otte et al. (2006). Reproduced with permission from FAO.

culling of their flocks amounted to an average of $69 per household. A ban
on poultry would cause losses of up to 30 percent of the income for the
poorest households (see Figure 2-7). In Egypt, the poorest quintile of the
population, with a monthly income of $35, earned 52 percent of their in-
come from poultry, but suffered on average a loss of $22 from HPAI H5N1.
Losses from emerging zoonotic diseases therefore disproportionately affect
the poor (Otte et al., 2006).

DISEASE SURVEILLANCE TO MITIGATE EMERGENCY
RESPONSE MEASURES AND COSTS

In a functionally integrated disease surveillance system for human and
animal health, there are various opportunities for preventing, detecting, and
responding to zoonotic disease emergence and transmission. Through early
detection, a timely and effective response to zoonotic diseases in animal
populations can prevent or minimize the likelihood of transmission to hu-
man populations (see Figure 2-8). After detecting a zoonotic disease event
in either human or animal populations, surveillance data would inform
human and animal health decisionmakers so they can plan, implement, and
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evaluate responses to reduce morbidity and mortality from zoonotic infec-
tions. Without capacity or willingness to activate an emergency response,
surveillance merely occurs in a vacuum. Effective prevention and control of
emerging zoonotic diseases require both disease surveillance and emergency
response capabilities that include disseminating and communicating action-
able disease surveillance information to officials who have the authority,
motivation, and capability to implement a response. The relationship be-
tween disease surveillance and emergency response is typically in the size
and efficacy of the two efforts: The more effective and timely the disease
surveillance, the more likely it is to avert a relatively large emergency re-
sponse. Large and effective surveillance programs will detect the first sign
of a problem, then, if the actionable information is supplied to the proper
authorities, a relatively small and targeted emergency response may ef-
fectively curtail spread and mitigate the threat. On the other hand, small
and inadequate surveillance programs are likely to miss many new disease
events, so by the time the disease is recognized, a much larger emergency
response is necessary.

Surveillance information on zoonotic diseases in humans and animals,
however, is highly variable under different scenarios, making the response
to these zoonotic threats also variable. Box 2-3 and Appendix B provide
some examples of the imbalance in the surveillance-response dynamic. It is
also important to recognize that the threshold of detection will vary with
the capacity of the laboratory. For instance, a newly emerged agent may
be readily identifiable through basic technology widely available, such as
bacterial culture of Escherichia coli O157:H7. A slightly more sophisticated
laboratory, with the capability of embryonated egg inoculation, may be able
to identify a new strain of highly pathogenic avian influenza. Identification
of a disease entity such as BSE, which requires advanced technology such
as Western blotting or immunohistochemistry, will be beyond the capacity
of most laboratories, even if surveillance for other more easily detectable
agents is extensive.

Using current approaches, the cost of emergency response is usually
several times greater than the cost of disease surveillance. The more wide-
spread the disease is before detection and implementation of response, the
larger the cost of the control measures. Moreover, the case of HPAI H5N1
in Vietnam underscores the importance of continuous surveillance of this
virus to prevent subsequent waves of outbreaks (see Appendix B). As dis-
cussed in more detail in Chapter 6, the investment in a well-functioning
global disease surveillance system and in early response capability is roughly
estimated to amount to about $800 million per year, whereas the economic
losses from emerging, highly contagious zoonotic diseases have reached
more than $200 billion over the last decade.
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BOX 2-3
Selected Examples of the Balance and Imbalance Between Disease
Surveillance and Emergency Response for Past Outbreaks

* Limited surveillance not detecting a new disease, and once detection oc-
curred, linkage with control is slow, so that emergency response is futile
because it is so widespread: HIV emerged in central Africa in the 1970s. Because
of inadequate disease surveillance, authorities did not realize this was an emerging
problem. The lack of recognition, combined with the long incubation period, allowed
this disease to spread globally, so that it soon became the foremost infectious
disease in many parts of the world. Then once recognized and associated with
marginalized populations (homosexuals and drug abusers), effective control mea-
sures were slow to develop. Had early recognition occurred and been combined with
effective controls, there could have been an effective global emergency response
that might have prevented the majority of human morbidity and mortality.

e Example of surveillance detecting a new disease locally, but without ac-
tionable information shared regionally and globally so that when the global
spread of disease occurs, a global emergency response is necessary and
very costly: Severe acute respiratory syndrome (SARS) emerged in China, was
not diagnosed until it moved to Hong Kong, and affected visitors from multiple con-
tinents. The issue for SARS was the lack of actionable information at early stages
of the outbreak. Disease surveillance at the local level may have been effective,
but the information did not reach the level required to implement a timely global
emergency response. By the time it was recognized globally as a serious emerging
health threat, emergency responses on several continents had to be activated.

* Example of surveillance detecting a disease, but then no follow-through with
appropriate emergency response, so the disease continues to spread: In
2004, disease surveillance for highly pathogenic avian influenza (HPAI) H5N1
in Southeast Asia highlighted the presence of the HPAI H5N1 strain in chickens
and its association with human mortalities. There were two problems here. First,
disease surveillance detected the disease in humans and poultry, but only after the

Therefore, an effective global disease surveillance system can be ex-
pected to reduce the emergence of zoonotic diseases in humans and provide
early detection of zoonotic diseases in livestock, thereby reducing billions
in economic losses. In most emerging zoonoses, if the disease had been
recognized much earlier (as would happen with well-functioning disease
surveillance systems), effective emergency responses, if any, would have
been smaller and cost effective. However, global disease surveillance sys-
tems have not been adequate to detect disease in timely fashion and limit
impact, so more often than not massive and expensive emergency responses
have been required.
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disease had been observed in another region of the world. An emergency response
was instituted that was weighted more toward surveillance and control in human
populations rather than in poultry populations, thus allowing for continued spread
and circulation in poultry. Second, because of the lack of integrated human, poultry,
and wildlife expertise, considerable time was needed to identify disease transmis-
sion mechanisms. In the meantime, the virus continued to circulate, and eventually
spread across Asia into Europe and Africa. Several countries improved their dis-
ease surveillance system after the first outbreak. For example, after two waves of
HPAI H5N1, Thailand mounted an impressive disease surveillance system based
on human and animal health village volunteers and about 1,000 joint (Ministries
of Health and Agriculture) District Surveillance and Rapid Response teams, which
has probably kept the third wave of outbreaks much more localized. Vietnam, after
an initial delay in the reporting of the disease, also developed a community-based
animal healthcare worker system for early alert, which has proven to be effective.
* Example of good initial surveillance finding a disease, but delayed under-
standing of the disease epidemiology, then emergency response mounted is
effective: A new disease caused by Nipah virus surfaced in Malaysia in 1999. In
this case, disease surveillance highlighted the presence of a neurological disease
in pig farmers. The disease was initially misdiagnosed as Japanese encephalitis.
After some delay, the true causative agent, Nipah virus, was identified and linked to
infected swine, leading to the culling of 1.2 million pigs. It took longer to identify the
fruit bat reservoir and the presence of fruit trees on the pig farms as a predisposing
factor, and major economic losses could have been prevented. Another example
is human monkeypox in prairie dogs in the United States in 2003. Detection of the
zoonotic hazard was quickly followed by emergency responses to contain the threat.
Both of these examples are from countries with advanced economic and healthcare
systems, so both disease surveillance and emergency response were effective.

NOTE: For further details on surveillance and response of select zoonotic disease outbreaks, see
Appendix B.

The reality is that procuring funding for large, expensive emergency
response measures is easier than funding continual disease surveillance
for detecting future and unknown diseases. This is unfortunate because a
well-designed emerging zoonotic disease surveillance system is what will
ultimately result in less human morbidity and mortality and fewer adverse
economic impacts globally. It is widely recognized that emergency response
is essential. Yet it is penny-wise and pound-foolish to continually invest in
large emergency responses without investing in effective disease surveillance
systems that would lead to smaller, less costly control efforts.
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UNDERSTANDING ZOONOTIC DISEASE AGENTS AND
TRENDS TO PREDICT ZOONOTIC DISEASE EMERGENCE

To accurately predict and detect when and where zoonotic pathogens
might emerge, it is important to understand the biological pathways affect-
ing their emergence. Data gathered from disease surveillance systems are
crucial, enabling scientists to predict how and when pathogens may emerge
and the extent of their spread and impact. This information allows decision-
makers to more confidently allocate resources to prevent outbreaks from
occurring. If a zoonotic disease outbreak should arise, such data become
even more critical for informing effective control and response measures.

The Biology of Pathogen Emergence

Of approximately 1,400 species of human pathogens that are now
recognized, more than 800 (nearly 60 percent) are known to be zoonotic
(Woolhouse and Gaunt, 2007). Moreover, many nonzoonotic pathogens are
known or believed to have origins in nonhuman animals (Table 2-2). Some
of these have only recently emerged (e.g., HIV/AIDS, pandemic strains of

TABLE 2-2 Examples of Human Pathogens with Evolutionary Origins in
Nonhuman Hosts

Disease Pathogen Original Host

AIDS Human immunodeficiency virus-1 ~ Chimpanzees

AIDS Human immunodeficiency virus-2  Sooty mangabeys

SARS SARS coronavirus Bats/palm civets

Malaria Plasmodium falciparum Probably birds

Malaria Plasmodium vivax Asian macaques

Sleeping sickness Trypanosoma brucei subspp. Wild ruminants

Diphtheria Corynebacterium diphtheriae Probably domestic herbivores

Hepatitis Hepatitis B virus Apes

Viral lymphoma Human T-lymphotropic virus-1 Primates (possibly Asian
macaque)

(Unknown) Human T-lymphotropic virus-2 Bonobos

Respiratory infection Human coronavirus OC43 Bovine

Influenza Influenza A virus Wildfowl

Measles Measles virus Sheep/goats

Mumps Mumps virus Mammals (possibly pigs)

Smallpox Variola virus Ruminants (possibly camels)

Typhus Rickettsia prowazeckii Rodents

Plague Yersinia pestis Rodents

Dengue fever
Yellow fever

Dengue fever virus
Yellow fever virus

Old World primates
African primates

SOURCE: Adapted from Wolfe et al. (2007).
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influenza A), and others have origins going back thousands or millions of
years (e.g., plague, malaria).

Zoonotic disease emergence from nonhuman animals may be viewed
as a series of steps from primarily animal diseases, such as rabies that oc-
casionally are transmitted to humans, all the way to diseases originating
in animals, such as HIV-1 that jumped species to humans and successfully
transmitted from human to human without further involvement of the orig-
inal animal host. There are five stages in this “pathogen pyramid” wherein
the barriers to pathogens progressing from one stage to the next are both
biological (functional constraints, often at the molecular level, to infection
and transmission) and ecological (restricted opportunities to infect humans
or transmit between humans) (Wolfe et al., 2007; see Figure 2-5 in IOM
and NRC, 2008). Overcoming these barriers may involve evolution of the
pathogen, although increased opportunities to infect or transmit between
humans can arise purely from changes in human behavior or demography
(e.g., intensification of food-animal production and increased trade of
exotic species—see Chapter 3) or from changes in pathogen ecology (e.g.,
altered distribution of the reservoir host or vector). The example of HIV-1
suggests that a pathogen can rapidly progress through the stages of the
pyramid over time scales of decades. High variability in virus genomes
might generate high functional diversity, producing human-infective vari-
ants on a regular basis, some of which successfully “take off” in human
populations (Woolhouse and Antia, 2008).

Pathogen Discovery

Analysis of emerging diseases from 1940 to the present demonstrates
that the rate of emergence “events” rose significantly over this period (Jones
et al., 2008) after correcting for trends in disease surveillance effort. The
discovery of new human pathogen species continues at a rate of 3—4 spe-
cies per year (see Appendix C). The discovery of new human pathogens
has three components: (1) recognition of pathogens that have existed in
humans for a long time, but have just been detected (e.g., hepatitis C); (2)
pathogens that have existed for a long time, but have only recently had the
opportunity to infect humans (e.g., Baboon cytomegalovirus); (3) newly
evolved human pathogens that did not previously exist (e.g., pandemic
A(HINT1) 2009 virus as a relatively recent example in humans; canine
parvovirus as an animal example). Pathogens of all three kinds continue
to be discovered.

The majority of recent discoveries of new human pathogens are viruses
(see Figure 2-9 and Appendix C) (Woolhouse et al., 2008). The discovery
rate of human non-virus pathogens is much slower and mainly involves
rickettsia and microsporidia. There is every reason to expect current trends
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FIGURE 2-9 Patterns of pathogen discovery. Percentage of novel pathogen species

by type.
SOURCE: Adapted from data by Woolhouse and Gaunt (2007).

of virus discovery to continue in the immediate future (Woolhouse et
al., 2008). Although the rate of virus discovery has historically been re-
markably consistent since the advent of tissue culture, the introduction
of new technologies such as polymerase chain reaction and the advent of
high-throughput sequencing has led to a substantial increase in the global
capacity to identify novel pathogens. That, coupled with a great deal of
interest in pathogen discovery, makes it possible that the rate of discovery,
particularly of viruses, will accelerate as new efforts are made through
surveillance programs.

The majority of newly discovered human pathogens are either zoonotic
or have recent origins in nonhuman reservoirs. Most are associated with
other mammalian hosts, a few with birds, and only rarely with other classes
of vertebrates. The mammalian taxa most commonly associated with new
zoonoses are ungulates, carnivores, and rodents. These patterns are similar
to the known zoonoses; in other words, we share our new pathogens with
the same kinds of reservoir with which we have always shared our patho-
gens (Woolhouse and Gowtage-Sequeria, 2005).
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Many recent high-profile emerging zoonoses have spilled over from
wildlife hosts to humans. The rate of emergence of these wildlife-origin zoo-
notic diseases also appears to have increased significantly over the past six
decades, and pathogens of wildlife origin represent the majority of emerging
pathogens in the 1990s (Jones et al., 2008). Animal susceptibility studies
performed in laboratories worldwide in collaboration with WHO, the
Food and Agriculture Organization of the United Nations (FAO), and OIE
quickly identified a novel coronavirus as the etiological agent that caused
the 2003 SARS outbreak. Moreover, these studies revealed that a variety of
wild and domestic animals were harboring this agent (WHO, 2003).

Data Limitations and Information Gaps

The committee identified several issues in terms of the data limitations.
First, monitoring is subject to massive ascertainment biases. There are vast
differences in the efforts invested in different places and at different times,
leading to important gaps in information whether at the level of species
discovery, emerging disease “events,” or disease outbreaks in humans.
Adjusting for this bias is difficult. One-third of emerging disease events
are reported from the United States, 10 times as many compared to China,
India, Brazil, and other hotspot countries (see Figure 2-10), and that seems
unlikely to represent the frequency of emerging events in these countries.
Second, monitoring is ad hoc, not systematic, and is partly driven by re-
sponses to the most recent events (e.g., clusters of discoveries in eastern
Australia; spate of discovery of coronaviruses following the SARS out-
break) and partly by availability of detection and identification technolo-
gies. Third, determining the number of pathogens that have not yet been
identified or detected in mammalian and other reservoir hosts is difficult.
The inventory of species pathogenic to humans is incomplete but still grow-
ing (Woolhouse and Gaunt, 2007). The inventory of species pathogenic to
major domestic food-animal species, plus cats and dogs, is also incomplete.
In addition, there is very limited knowledge of the pathogens for the vast
majority of other mammal species, let alone birds or other vertebrates
(Dobson and Foufopoulos, 2001). Fourth, questions on the frequency with
which humans are exposed to animal pathogens (so-called “chatter”) and
what fraction of those exposures are capable of crossing the species barrier
to cause human infection remain unanswered. Fifth, the determination of
what constitutes a species barrier and what characteristics allow patho-
gens to overcome it (e.g., pathogen evolution, immunosuppression, new
transmission routes) are important issues that need to be addressed. And
sixth, whether a human infection that resulted from exposure to an animal
pathogen can be transmitted (directly or via an indirect route) to another
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FIGURE 2-10 Patterns of reporting of emerging disease “events”: five countries
reporting the highest number of “events” (left) and selected others (right).
SOURCE: Woolhouse (2008a). Reproduced with permission from Macmillan Pub-
lishers LTD: Nature.

human is simply not known for hundreds of pathogen species (Taylor et
al., 2001).

Domestic Animals and Wildlife Surveillance to
Predict Zoonotic Disease Emergence

Given the desire to more effectively predict where the next zoonotic
disease will emerge, there are many gaps in knowledge of potential emerg-
ing pathogens amidst the evidence of continuing events, underscoring the
need for active disease surveillance in animal reservoirs for known zoonoses
including domestic animals and also wildlife wherever possible. Improved
disease surveillance is particularly important where the protection of human
health depends wholly or partly on measures taken to prevent disease emer-
gence or control disease in the reservoir (e.g., BSE, rabies, African sleeping
sickness) and where the risk of outbreaks in humans is largely determined
by the epidemiology of infection in the reservoir (e.g., Nipah virus, WNV,
hantaviruses, plague). In addition, human resources and field capacity need
to be developed to be able to conduct surveillance for zoonotic pathogens
in animal reservoirs that often can be difficult to reach. Improved human
resources and field capacity will greatly improve capacity to detect novel
and emerging zoonoses.
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Statistical Analysis, Modeling, and Predicting Future Trends

Once a zoonotic pathogen has emerged and been identified, surveil-
lance data are critical for enabling researchers to predict the extent and
magnitude of the outbreak. Statistical methods are needed to make reli-
able inferences and hypothesis testing from epidemiological findings and
approaches (Jewell, 2003). The use of such analyses and disease models
can better inform decisionmakers on how to effectively respond to disease
outbreaks early on.

Statistical analysis and dynamical modeling have a long history of
providing insights into the importance of infectious diseases and their
transmission dynamics, beginning when Daniel Bernoulli modeled smallpox
transmission in 1760 (Bernoulli, 1766). With dramatic increases in both
computational power and detailed data on human and animal diseases
in recent years, statistical analyses and quantitative studies have been un-
dertaken in the wide range of issues related to zoonoses. These analyses
and modeling utilize data from a variety of sources, including those from
surveys (e.g., Easterbrook et al., 2007), from routine sentinel disease sur-
veillance, and from detailed experiments with randomized treatments to
identify and characterize key features of the epidemiological system. An
example is a study of the use of antibiotics in food-animals to reduce bac-
terial illnesses in animals, thereby reducing subsequent human illness, with
an associated risk of selecting for antibiotic-resistant bacteria, which could
make food-associated human infections harder to treat (Singer et al., 2007).
Synthesis of statistical and mathematical methods has allowed transmission
models to be based on robustly estimated parameter values. However, most
modeling studies have been limited in scope to one host and one pathogen,
even though most pathogens have multiple hosts (Woolhouse et al., 2001).
A good example of multihost modeling is the rabies study in the Serengeti
ecosystem of Tanzania (Lembo et al., 2008).

Uses of Statistical Analysis

Key statistical principles include those of quantitative hypothesis test-
ing, parameter estimation (with corresponding measures of parameter un-
certainty), and model fitting/criticism. Specific statistical methods have
been developed to allow the integrated analysis of data sources that vary
in source, type (e.g., combining retrospective studies of known outbreaks
and disease surveillance of key disease events) (Burkom, 2003), and qual-
ity (rigor and relevance) (Turner et al., 2009). The analysis of all the rel-
evant evidence relating to a particular disease can, however, lead to highly
complex probability models. In such cases, particular care must be paid to
model criticism and the detection of inconsistent or conflicting evidence
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(Presanis et al., 2008), taking into consideration the assumptions of the
model(s) underpinning the analyses.

A limitation of traditional statistical modeling and analysis (e.g., regres-
sion, survival analysis, and analysis of contingency tables) is that the insights
are typically limited to comparisons and quantification of association rather
than giving insights into the often complex mechanisms underlying the
observed epidemiological patterns. Good models are difficult because epi-
demic diseases and especially emerging epidemic diseases are multisystem,
dynamic, nonlinear, stochastic processes. Models for causal inference were
developed to overcome some of these limitations (Holland, 1986). There
are several examples from recent emerging infectious disease investigations
(including Hendra virus, Nipah virus, coral diseases, and avian influenza)
where techniques designed to infer causation—including epidemiological
causal criteria, strong inference, causal diagrams, model selection, and tri-
angulation—were successfully applied (Plowright et al., 2008).

Uses of Dynamical Modeling

Dynamical models of disease transmission are those developed to repre-
sent underlying epidemiological (and sometimes demographical) processes.
Four main aims of such modeling have been identified (Anderson, 1988;
Massad et al., 2005): (1) Enhancements to the logic and specification of
current theories and concepts relating to disease transmission; (2) Genera-
tion of new testable hypotheses through computer program-based (so-called
in silico) experiments or simulation processes; (3) Prediction of the future
course of an epidemic and/or the impact of preventive measures; and (4)
Identification of types of epidemiological data needed to refine understand-
ing of disease epidemiology and/or make better predictions.

On the basis of the particular aims of the exercise, models are some-
times applied retrospectively to interpret historical epidemiological data
and are sometimes used prospectively to generate predictions. In practice,
retrospective analysis often provides the basis for predictive modeling (see
Box 2-4). Examples of retrospective or historical modeling of emerging
zoonoses include analysis of both the recent past (e.g., modeling analy-
sis of recent Ebola outbreaks [Chowell et al., 2004; Ferrari et al., 2005;
Legrand et al., 2007]) and the more distant past (e.g., modeling of 1918
influenza pandemic [Mills et al., 2004; Sertsou et al., 2006; Vynnycky et
al., 2007]).

Predictive modeling is used to evaluate future scenarios as more or
less likely, and to explore the possible benefits and/or risks of alternative
realities. These alternatives could include alternative disease surveillance
efforts (e.g., increased testing of live cattle for M. bowvis or increased ef-
forts to detect bovine tuberculosis in slaughtered cattle); various possible
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culling policies designed to reduce future disease incidence; and alternative
policies aimed at controlling or eradicating disease. Predictive modeling for
disease emergence is a difficult and complex challenge. Although some data
on which to model do exist, the biological and ecological characteristics
needed for an outbreak to occur are unknown. Therefore, to improve the
science behind any effort in modeling emergence, particularly of pathogens,
it seems axiomatic that hypotheses need to be generated and data gathered
to either strengthen and support or refute and abandon the premise being
studied. The prospects of successfully predicting emergence events would
be greatly enhanced by systematic data collection on the patterns of pres-
ence and prevalence of infectious agents in animal populations, which
means developing and implementing a systematic, ongoing integrated dis-
ease surveillance program that is global in scope. A longitudinal study of
the underlying factors driving disease emergence, including those associated
with animal production systems and climate change, could provide valu-
able information to such a program. To inform such a study, the pairing of
complex mathematical models with remote sensing data could be useful to
correlate environment with disease outbreaks and more accurately predict
future disease events (Ford et al., 2009).

Mathematical models have also been developed and deployed during
ongoing epidemics to help advise control policies. Such “real-time” model-
ing presents a number of challenges, including rapid collection and com-
munication of input data, validating the process of model development, and
generating formal estimates of model parameters from initially sparse data,
noting that rigorous methods to fit such models to data are more complex
and computationally burdensome than those required for traditional sta-
tistical models. Even so, real-time modeling can inform the management
of an epidemic: Examples include the 2001 epidemic of foot-and-mouth
disease in the UK, the 2003 global SARS epidemic, and the 2009 influenza
A(H1NT1) pandemic.

Projecting into the Future

Projections are defined as “the numerical consequences of the assump-
tions chosen. The numbers are conditional on the assumptions being ful-
filled” (Keyfitz, 1972, p. 347). In the context of infectious disease, these
assumptions could take the form of “if” circumstances: a closed popula-
tion of a particular size, number of people encountering (and potentially
infecting) each other randomly at a particular rate, and the introduction of
a person infectious with a disease of a certain transmissibility into a fully
susceptible population. Possible epidemic scenarios could be described, al-
though the resulting incidence of disease on any subsequent day could not
be derived with certainty due to random chance. Projections provide useful
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BOX 2-4
Simulation of Human Influenza Transmission in Thailand

Using detailed demographic data (including population distribution and household
size) and newly derived parameter estimates from reanalysis of historic data (including
U.S. and UK 1918 pandemic mortality data), Ferguson and colleagues (2005) simu-
lated human influenza transmission in Thailand to evaluate the potential effectiveness
of targeted mass prophylactic use of antiviral drugs and social distancing to contain
influenza. Figure a shows the time sequence (in days) of an epidemic, with spreading
in a single simulation of an epidemic with R, = 1.5. Red indicates presence of infected
individuals, and green indicates the density of people who recovered from infection
or died. Figure b shows the daily incidence of infection over time for R, = 1.5 in the
absence of control measures. Thick blue lines show the average for realizations result-
ing in a large epidemic; grey shading represents 95 percent confidence limits of the
incidence time-series. Multicolored thin lines show a sample of realizations, illustrating
a large degree of stochastic variability.
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information to predict (or forecast) the future, insofar as the assumptions
(from model structure to parameter values) are realistic.

Traditional statistical methods (most often time-series and regression)
are sometimes used to provide short-term predictions of infectious dis-
ease incidence, quantifying past trends, and projecting them forward (see
Box 2-35). Temporal, seasonal, and spatial trends were quantified along with
temporal correlation to predict the incidence of meningococcal disease in
France, and the model was based solely on trends observed in the detailed
incidence data available (Knorr-Held and Richardson, 2003). An alterna-
tive approach is to predict incidence based on risk factors previously ob-
served to be associated with incidence rates. For example, having previously
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A similar study was published simultaneously in Science (Longini et al., 2005). The
World Health Organization issued the following statement:

The models provide additional information which will help WHO and public health
officials in our Member States to improve pandemic influenza preparedness planning.
... Several countries have already purchased stockpiles of antiviral drugs and WHO has
taken steps to establish an international stockpile. . . . If we have a chance to reduce the
scale of a pandemic with antivirals and other public health measures, the success of these
interventions will depend on effective disease surveillance and early reporting in risk-prone
countries. Before any stockpile can be used effectively, both must be strengthened. (WHO,
2005a)

These influenza studies offered the authors’ most plausible set of transmission
scenarios in order to inform policymakers, along with other available evidence. The next
decisions are how much effort and what type to invest in planning for a serious future
human and animal health crisis.

Surveillance data are critical to underpin estimation of key epidemiological param-
eters, which in turn determine which transmission scenarios are most plausible.

SOURCE: Ferguson et al. (2005); WHO (2005a).

shown an association between weather conditions and the presence of St.
Louis encephalitis hemagglutination inhibition antibodies in wild birds, a
hydrology model and a logistic regression model were combined to predict
the incidence of human cases of St. Louis encephalitis, and these predictions
were found to perform well looking 2 to 4 months ahead (Shaman et al.,
2003, 2006).

The predictions from transmission models under different scenarios
can be compared to inform debate about the potential consequences (both
risks and benefits) of alternative courses of action. In this context, math-
ematical models have the advantage of transparency, since the basis for
making predictions (for example, about the impact of control measures) is
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BOX 2-5
Predicting an Outbreak

Anyamba and colleagues (2006, 2007) observed that sea surface temperatures in
the equatorial east Pacific ocean increased anomalously during July to October 2006,
indicating El Nifio conditions. Such conditions previously had been associated with
excess rainfall in East Africa. Such rainfall was predicted to give rise to the normalized
difference vegetation index (NDVI), and a Rift Valley fever (RFV) model, based on the
NDVI data, indicated that in October to December 2006 there would be an elevated
risk of RVF in northern Kenya, central Somalia, and subsequently Tanzania.

Based on these results, early warning advisories were issued by the Food and
Agriculture Organization of the United Nations and the World Health Organization to
alert countries’ authorities in early November 2006 of the elevated risk of RVF out-
breaks (WHO, 2007c; Anyamba et al., 2009). On this basis “the [U.S.] Department
of Defense—Global Emerging Infections Surveillance and Response System and the
Department of Entomology and Vector-borne Disease, United States Army Medical
Research Unit—Kenya initiated entomological surveillance in Garissa, Kenya, in late
November 2006, weeks before subsequent reports of unexplained hemorrhagic fever
in humans in this area” (Anyamba et al., 2009, p. 957).

Hotspots of potential elevated risk for disease outbreaks under El Nifio conditions,
2006—-2007.

available for inspection, criticism, and change (Woolhouse, 2008b). Often,
models will be the best evidence we have to inform decisionmaking. Models
can also be used to gain insight into situations where an intervention was
implemented and an unexpected result was obtained. As with any model-
ing exercise (other factors being equal), a model that has been shown to
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SOURCE: Anyamba et al. (2006).

The index case was a patient in Kenya who experienced the onset of symptoms on
November 30, 2006 (CDC, 2007; WHO, 2007c), and the Kenyan cases peaked in late
December. From November 30, 2006, to March 12, 2007, 684 cases were reported in
Kenya, including 155 deaths; 114 cases were reported in Somalia, including 51 deaths;
and 290 cases were reported in Tanzania, including 117 deaths (WHO, 2007c).

The model’'s successful prediction of the epidemic enabled the affected countries
to be forewarned of the increased risk (Kaplan, 2007). “The early warning enabled the
government of Kenya, in collaboration with the World Health Organization, the United
States Centers for Disease Control and Prevention, and the Food and Agriculture Or-
ganization of the United Nations to mobilize resources to implement disease mitigation
and control activities in the affected areas, and prevent its spread to unaffected areas”
(Anyamba et al., 2009, p. 957).
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Cases of Rift Valley fever meeting inclusion criteria by date of onset of symptoms,
Kenya, December 2006—February 2007 (n = 617).

produce accurate predictions has increased credibility compared with one
that has only been shown to fit data well retrospectively.

Dynamical mathematical models of disease transmission, in contrast
to statistical models of trend or association, are better suited to longer
term predictions and predictions of new and emerging threats. They also
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have the potential to explore usefully “what if” scenarios, such as sudden
changes in control policies or human behavior (e.g., due to travel restric-
tions). There are considerable challenges posed by such studies. Infectious
disease incidence depends directly on various factors of the particular dis-
ease under study (e.g., population size, weather, or risk behaviors). Thus,
making accurate predictions requires both accurately incorporating the
roles of important drivers into the transmission model and making accurate
predictions of how these drivers will behave in the future. Mathematical
models are valuable tools for policymakers, but are best used as one com-
ponent of the decisionmaking process, which should draw on all kinds of
evidence available.

INTERNATIONAL AND NATIONAL SUPPORT IS CRITICAL

Zoonotic diseases can transcend boundaries and affect multiple coun-
tries, thus the support of both the national and international community is
critical for effectively responding to them. The control of HPAT H5N1 at
the international and national levels has provided insight into how different
actors cooperate and collaborate on zoonotic disease concerns. The expe-
riences reported here are based mainly on independent evaluation reports
from FAO, United Nations System Influenza Coordinator (UNSIC), and
the World Bank.

International Level

At the international level, WHO, FAO, and OIE are the main play-
ers in the international HPAI H5N1 arena.® According to their respective
mandates, WHO focuses on the human health aspects and FAO on the
implementation of the standards and strategies that OIE sets for animal
health. The scope and mode of operation of these three agencies is quite
different. WHO has a significant country presence, which enables it to more
directly affect national decisionmaking. FAO has a much-limited presence
at field level, normally without any animal health expertise in its country
offices. Finally, OIE has a 40-person staff, a limited number of regional
representatives, and no specific country representation. These organizations
(without the United Nations Children’s Fund, or UNICEF) cooperated well
in the Codex Alimentarius Committee, which sets food safety standards.
This committee was established by WHO and FAO, and now also has close
relations with OIE. It was described by the recent Independent External

¢To support communication about HPAI HSN1 and its control, UNICEF was added as an
additional technical agency, although its role and mandate were never clearly articulated.
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Evaluation panel of FAO as an example of an effective partnership among
international organizations (FAO, 2007).

The start-up of the collaboration among the international agencies in
addressing the HPAT H5N1 threat was difficult and slow, however. The first
outbreaks of the current H5N1 strain of HPAI occurred in December 2003,
with major outbreaks in 10 East Asian countries in January 2004. The
first WHO strategy (2005b), without any discernable FAO or OIE input,
was prepared in early September 2005. A joint FAO/OIE strategy prepared
in collaboration with WHO was prepared by November 2005, or nearly
2 years after the outbreak (FAO et al., 2005). The reasons for the delays
were caused by a lack of understanding of the mission of the involved agen-
cies, lack of understanding on the epidemiology of the disease, difference
of opinions among the agencies on how to respond, and the slow pace of
resource mobilization.

This delay led to a rather fragmented approach that was arguably one
of the main factors in the slow donor response in providing financial sup-
port, which caused donors to get involved in a bilateral fashion, based on
the advice of their own technicians. The overwhelming number of missions
of the technical agencies with large numbers of expatriate specialists and
the complexity of procedures were also frequently mentioned at the country
level as important issues (FAO, 2007).

Starting in mid-2005, and in particular leading up to and following
the Beijing Conference, the International Finance Institutions (IFIs) and
the World Bank also became directly involved in the HPAI H5N1 cam-
paign, although the World Bank had supported Vietnam with an earlier
emergency loan. This opened a new set of constraints, which affected the
implementation of the campaign, especially administrative and procedural
aspects. These constraints became especially apparent in the cooperation
between WHO, FAO, and the IFIs, where the respective roles of these
United Nation’s agencies as cooperators for technical expertise and as
contractors for services led to conflicts with the procurement rules of the
IFIs. These administrative differences were exacerbated by differences in
fiduciary requirements between the technical agencies and the IFIs (Willitts-
King et al., 2008).

The cooperation among WHO, FAO, OIE, and to some extent UNICEF
significantly improved over time because of the major increase in funding,
the strong pressure from donors, and the excellent coordination role of
UNSIC. There are now weekly conference calls, and there is a stronger co-
operation in the preparation of the strategy updates. The institutions work
together in the preparation of Integrated National Action Plans. A mutual
trust between the main day-to-day decisionmakers in these organizations
has emerged. However, even now, the cooperation is mainly concerned
with strategy development and planning, yet there are few joint activities
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on implementing disease surveillance and control. The relationship between
UNSIC and the technical agencies—especially WHO, which sees itself as
the lead technical agency in human health and pandemic preparedness—is
still a challenge (Willitts-King et al., 2008).

At the individual level, the three agencies provided a rapid reaction.
For example, FAO, with input from OIE, organized an international work-
shop in East Asia on HPAI H5N1 only 3 weeks after the first outbreak.
FAO became involved quite early with its Special Fund for Emergency and
Rehabilitation Activities in the implementation of control measures. This
flexible tool, with much lighter administrative requirements than normally
demanded in FAO, provided FAO with the flexibility to respond early to
the disease outbreaks. The lack of funds, however, caused the initial support
that FAO provided in the affected and at-risk countries to be limited and
restricted to strengthening disease surveillance systems, providing protective
gear, and supporting epidemiological studies. Funding included almost no
support in containing the disease, such as support of public administrations
to be able to enforce movement control, compensation for culling, and vac-
cination. Similarly, WHO focused on the stocking of antivirals, although it
could have used its much greater country presence to raise greater aware-
ness and train local staff in the epidemiology and control of HPAI H5N1.

National Level

At the national level, cooperation among the respective ministries of
health, agriculture, and the environment in many countries is cumbersome
at best. They often have separate human and animal disease reporting
procedures and communication channels during a disease outbreak. En-
vironmental agencies are the weakest in the public sector, and efforts to
bring them together are often confronted with major transaction costs,
bureaucratic delays, and competency issues. The main lessons learned from
the HPAI H5N1 campaign point to the importance of political support for
disease control and the existence of an institutional framework.

Political support is crucial for disease control. The picture, which
emerges from the reviews, shows ownership and political will at the highest
levels to effectively plan and implement HPAT H5N1 campaigns. In several
countries, this lack of ownership has led to inadequate interministerial
collaboration; grossly insufficient national funding for human, veterinary,
and wildlife services; and reluctance to share animal disease incidence
information. These trends will severely affect the sustainability of future
HPAI HS5NT1 activities.

The institutional framework is another critical element. Key observa-
tions that emerge from the reviews concern these factors: (1) the hierarchi-
cal place of HPAI H5N1 campaigns in government, and experience in the
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current campaigns seems to indicate that placement at a higher level (deputy
prime minister, ministry of finance) than the line ministries of health or
agriculture gives better results’; (2) decentralization, which, with some ex-
ceptions,? severely obstructs lines of command’; (3) the limited simulation
testing and the general neglect in the preparation of most national prepared-
ness and Integrated National Action Plans; and (4) the limited involvement
of the private sector and, in particular, the nearly complete lack of use of
private service providers (private veterinarians and paraveterinarians) under
a sanitary mandate.

Lessons Learned

In an early phase of an emerging outbreak, countries need to de-
fine a mutually agreed-upon strategy with the international organizations
concerned and with other relevant institutions. As was the case with the
HPAI H5NI control campaign, it is important to collaborate early on with
institutions specialized in environmental health and wildlife. This could be
the function of the current UNSIC, whose current mandate expires in De-
cember 2010 and would have to be extended. Many developing countries
lacked funding for investment in the surveillance of and response to HPAI
HS5N1. To avoid lack of funds to control an emerging disease at an early
stage, sustainable funding is needed for highly infectious zoonotic diseases.
To foster cooperation at the national level, governments need to establish
special permanent, functional cross-sector coordination mechanisms, either
through the exchange of memorandums of agreement between the different
ministries and agencies involved, or a coordinating authority (e.g., special
task force) above the sectoral human health, veterinary, and environmental
agencies (e.g., the prime minister or deputy prime minister). In the case of
an emerging disease outbreak, such institutions would define the control
strategy, prepare contingency plans, and oversee their implementation; an
option would be to let such a task force evolve into an independent agency.
Finally, they need to cultivate a new style of leadership that promotes co-
operation, teambuilding, and mentoring. This would need to be achieved
through education and underpinned by incentive systems, which recognizes
achievements in these areas rather than the current performance systems
that often promote single department goals and individual achievements.

7Other disease control campaigns (HIV/AIDS) find that strengthening line ministries might
be more efficient.

8For example, in India, where the identification of HPAI HSN1 was a national priority, with
upfront government financial support and technical assistance from the central level, the full
cooperation of the states was secured.

9At the local level, early communication between the human and animal health authorities
may reduce the likelihood of the spread of disease from animals to humans.
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CONCLUSION

Recent human outbreaks of zoonotic diseases have unavoidably re-
sulted in increased attention to their impacts on national economies, inter-
national trade, household livelihoods, and human morbidity and mortality.
Recent socioeconomic changes and the increase in international trade have
also been critical drivers of zoonotic disease emergence and spread.

Disease surveillance is critical for detecting the emergence of zoonotic
pathogens in human populations, preventing their spread between animal
populations, and preventing transmission to human populations. The ear-
lier an emerging pathogen can be detected and eliminated or controlled,
the smaller the emergency response and cost will be. In addition, models
of disease transmission have been successful in predicting future zoonotic
disease outbreaks and trends. They have been used to make informed de-
cisions on the relative risks and benefits of preventive measures aimed at
managing the risk at low levels prior to infection. Data from surveillance
systems are necessary for more accurately predicting future disease out-
breaks. Accurately predicting or anticipating a disease outbreak enables
local human and animal health authorities to implement prevention and
control efforts, averting the need for costly emergency responses. Accurate
prediction is important for preventing an outbreak altogether, decreasing
an outbreak’s duration, and lessening its impact on national and household
economies and on human health.

The case for systematic and sustainable zoonotic disease surveillance,
as presented in this chapter, is based on the committee’s conclusion that
conditions promoting the driving forces for zoonotic disease emergence
are intensifying (further discussed in Chapter 3), that technologies and
approaches that could be employed to develop a global system are avail-
able, and that the socioeconomic and health consequences for humans and
animals are too enormous for inaction.
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Drivers of Zoonotic Diseases

“A transcendent moment nears upon the world for a microbial perfect
storm. Unlike the meteorological perfect storm—hbappening just once in
a century—the microbial perfect storm will be a recurrent event. The two
events share a common feature; a combination of factors is the driving

force behind each.”

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

Zoonotic disease emergence is a complex process. A series of external
factors, or drivers, provide conditions that allow for a select pathogen to
expand and adapt to a new niche. The drivers for the most part are eco-
logical, political, economic, and social forces operating at local, national,
regional, and global levels. Regions where these factors are most densely
aggregated, most highly prevalent, and where risk of a disease event are
most intense can be considered zoonotic disease “hotspots.” In this chapter,
the committee reviews many of the drivers underlying this process of disease
emergence and reemergence. Though not an exhaustive review, it reveals the
multiplicity and the complexity of their inter-relationships.

OVERVIEW OF ZOONOTIC DISEASE
EMERGENCE AND REEMERGENCE

Zoonotic disease emergence often occurs in stages, with an initial series
of spillover events, followed by repeated small outbreaks in people, and
then pathogen adaptation for human-to-human transmission. Each stage
might have a different driver, and therefore a different control measure. As
mentioned in Chapter 2, human immunodeficiency virus-1 (HIV-1) emerged
from chimpanzees in Africa, spilling over to humans repeatedly before its
global spread (Hahn et al., 2000). This initial phase of emergence was
driven by bushmeat hunting and was the primary driver of its emergence.
A second phase of emergence was driven by increased urbanization and
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road expansion in Central Africa beginning in the 1950s, and dispersal of
index cases harboring prototype HIV-1 infections that were transmissible
from person to person. The virus then entered the rapidly expanding global
air travel network and became pandemic, with its emergence in North
America, Europe, and Asia, accelerated by changes in sexual behavior, drug
use, trade in blood derivatives, and population mobility.

Nipah virus is another example of a recently discovered paramyxovirus
with fruit bat reservoir hosts. It caused a large-scale outbreak in Malaysian
pig farmers in 1998. It is a growing threat due to its broad host range, wide
geographical distribution, high case fatality, reports of human-to-human
transmission, and the lack of vaccines or effective therapies (CDC, 1999;
Eaton et al., 2006; Gurley et al., 2007). A recent analysis of food-animal
production data from the index site—a commercial pig farm in Malaysia—
before and during the outbreak shows that the emergence was likely caused
by repeated introduction of Nipah virus from the wildlife reservoir into an
intensively managed, commercial pig population site planted with mango
trees (Daszak et al., 2006). This repeated introduction led to changes in
infection dynamics in the pigs and a long-term, within-farm persistence of
virus that would otherwise have died out. This causative mechanism has
been previously proposed as a driver of highly pathogenic avian influenza
(HPAI) H5N1 dynamics in poultry and the emergence of other pathogens
(Pulliam et al., 2007).

An overview of how certain factors lead to disease emergence and
reemergence is outlined in Figure 3-1. There is currently a great deal of
interest in studying the underlying drivers of emerging diseases, from the
proximal to the primary, to better target control programs.

THE HUMAN-ANIMAL-ENVIRONMENT INTERFACE

Historical Perspective on the Human—Animal Interface

The hunter-gatherer lifestyle supported early human societies for mil-
lennia, and this lifestyle could support an estimated 4 million people world-
wide. About 10,000 years ago, hunter-gatherers began to settle, planting
crops and husbanding wild animals to the point of domestication. This pat-
tern continued more or less uninterrupted until the end of the 17th century
when Thomas Malthus wrote in An Essay on the Principle of Population
that human growth would soon outstrip the ability of the world to feed
it. Fortunately, Malthusian predictions proved untrue, largely because of
the change in agricultural systems from extensive to intensive. This change
was accelerated by the growth of large urban centers and the invention of
the railway, allowing food to move more freely from the farm to the table.
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The “Green Revolution™! further increased crop yields and the separation
of humans from the source of their food.

Since the 1960s, the production of food animals has grown phenom-
enally. Global milk production has doubled, meat production has tripled,
and egg production has increased four-fold. Part of this is due to greater
numbers of animals. However, genetic enhancement has also played a role,
leading to higher overall production per animal.

Current Trends in Animal Protein Production

World demand for animal protein is increasing, and projections for con-
sumption are staggering. Between 2000 and 2030, global meat production
is expected to increase by approximately 2 percent per annum until 2015
and then slightly more than 1 percent per annum until 2030 (Steinfeld,
2004). Most of this demand is expected to come from the developing
world, where rapid population expansion and higher per-capita incomes
will drive people to change from a diet of rice, beans, and corn to one that
incorporates more animal protein, a phenomenon known as the “nutrition
transition” (Delgado, 2003). How will this demand be met? Most recent
growth in intensive agriculture and projected growth for the next 30 years
is mostly in the developing world, where intensive food-animal production
facilities are being set up. These facilities are almost entirely based on feed
grain, and in Asia, feed grain is imported from other parts of the world (see
discussion later in this chapter on Global Food Systems and Food Safety).
These collective changes in agricultural production and distribution, re-
ferred to as the “Livestock Revolution,” are driven by globalization and
the developing world’s emerging middle class. The Livestock Revolution is
characterized by vertical integration, the introduction of large supermarkets
in developing countries, regional concentrations of animals, and a move to
locate production facilities geographically at the farthest reaches permitted
by regulations (Steinfeld, 2004).

Fueled by a growing population, rising incomes, and related urban-
ization, the consumption of meat and milk in the developing world grew
slightly more than 3 and 2 percent per year, respectively, from 1992 to

IThe term “Green Revolution” was coined by the director of the U.S. Agency for Interna-
tional Development in 1968 to describe the phenomenal growth in production of rice and
wheat. The Rockefeller and Ford foundations made research investments to improve breeding
varieties combined with expanded use of fertilizers, other chemical inputs, and irrigation. This
led to dramatic yields of these grains, particularly in Asia and Latin America, in the late 1960s.
Although heralded as a major achievement in establishing levels of national food security for
developing countries, it is also criticized for causing environmental damage, including pol-
luting waterways with chemicals, affecting the health of farm workers, and killing beneficial
insects and wildlife (IFPRI, 2002).
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FIGURE 3-2 Projected production of animal meat by species, 1961-2025.
SOURCE: Newcomb (2004). Reprinted with permission from Bio Economic Re-
search Associates, LLC (bio-era™). All rights reserved.

2002.2 Growth was particularly strong in China, where over that same
period meat and milk consumption grew by nearly 6 and 8 percent per
year, respectively. Most of the growth occurred in poultry and swine; beef
consumption grew at a much lower rate (see Figure 3-2). In contrast, per-
capita total meat consumption in the developed world remained practically
static in the same period, although there has been a slight shift from beef
to chicken.

This strong expansion and resulting concentration of meat and milk
production in the developing world has consequences for global human
and animal health, which is explored in more detail later in this chapter.
The shift of production to the developing world transfers the industry
to a region with generally weak public services and regulatory oversight

2The underlying quantitative parameters driving this growth over the period 1992-2002
are (1) population increases of 1.7 percent per year in the developing world versus 0.4 in the
developed world; (2) per-capita gross domestic product increase of 3.9 percent in the develop-
ing world versus 0.4 percent in the developed world; and (3) expenditure elasticity (percentage
increase in expenditure on an item with a 1 percent increase in total expenditure) for meat
in low-income countries of 0.78 percent, in middle-income countries of 0.64 percent, and in
high-income countries of 0.36 percent (Searle et al., 2003).
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mechanisms, which were unprepared for fast growth and major structural
changes.

Intensified food-animal production has epidemiological consequences
(see Box 3-1). Natural herds often have a low rate of reproduction and
production. Humans have domesticated animals to ensure a more regular,
safer, and convenient food supply. The objective of husbandry is to reach a
natural balance between the host and its parasites while promoting efficient
and economical production. Any increase in production must be matched
with a refinement of management and disease control strategies. Although
the factors listed under a “man-made ecosystem” (Box 3-1) are caused by
influences of human intervention, their adjustments or maintenance are not
necessarily under human control, and could lead to higher levels of disease
risk. But at the same time, the level of risk could be reduced through more
intensively managed and maintained factors with respect to animal health
and well-being.

BOX 3-1
Epidemiological Factors Comparing
Natural and Man-made Ecosystems

Natural Ecosystem Man-made Ecosystem

* Wandering herds grazing e Herds are permanently housed (zero
extensive areas grazing)

* Intermingled species so that * Mixed herds have become single
mixed grazing occurs species

 Different species unaffected by * Excreted pathogens are available to
the parasites of others others of the same species

* In the open air, expiratory droplet * Animals are crowded on limited land
infections are of little importance

* Natural avoidance distances » Crowding allows closer contact
minimize direct contact

* Predators remove diseased * Predators are eliminated; sick are
animals early in the course of the helped to survive while excreting
disease pathogens

* Hosts and parasites reach a ¢ Balance is upset as new niches are
balance so that both live with little created
harm

* Epidemics occur only when * Increased risk of disease

populations increase past a
certain point
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DRIVERS INFLUENCING EMERGING AND
REEMERGING ZOONOSES

Human Population Growth and Distribution

Global Population Growth

The second half of the 20th century was a time of unprecedented popu-
lation growth. According to United Nations (UN) estimates and forecasts,
the world population more than doubled from an estimated 2.5 billion in
1950 to more than 6.5 billion in 2005 (see Figure 3-3), an annual average
growth rate of 1.72 percent (United Nations, 2007). Although growth rates
peaked in the late 1960s at slightly more than 2 percent and had declined to
slightly more than 1 percent in the first § years of the 21st century, annual
population increments continued to increase in the late 1980s and were
projected to peak at about 8 billion by 2050. The UN’s medium variant
forecast, based on the assumption of continued fertility declines in low-

income countries, shows the world population continuing to increase to
slightly more than 9 billion by 2050.

Population (billiens)

Other less developed countries

More developed countries

1950 1970 1990 2010 2030 2050

FIGURE 3-3 World population projections, median variant forecasts.
SOURCE: United Nations (2007). Reprinted with permission from the Population
Reference Bureau.
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Population growth has been unevenly distributed around the globe and
is expected to become even more so in the next few decades. The developed
countries—essentially Europe, North America, Australia, Japan, and New
Zealand—represented nearly a third of the total growth in 1950, a propor-
tion that had declined to less than 19 percent by 2005 (see Figure 3-3).
Sub-Saharan Africa has shown the highest growth rates, averaging nearly
3 percent per annum in the late 1980s. The bulk of the absolute population
increments have occurred in Asia, with annual increases reaching 57 million
around 19835, declining only to slightly less than 50 million by 2005. More
than half of these annual increases are now accounted for by South Central
Asia, predominantly India, Pakistan, and Bangladesh. The bulk of future
population growth is expected to occur in developing countries. The share
of world population of the developed countries is forecast to decline to less
than 14 percent by 2050, while sub-Saharan Africa is forecast to increase to
nearly 20 percent. By 2050, of the global annual increment of 37 million,
22 million will occur in sub-Saharan Africa, whose population will still be
increasing by more than 1 percent per annum, and 12 million will occur in
South Central Asia (United Nations, 2007).

Population Mobility

Once a zoonotic disease has emerged, its spread in the human popula-
tion is likely to be facilitated by population movements. Migration, also
called long-term population resettlement, is likely to spread diseases that
have a long period of latency or duration of infectiousness, whereas short-
term mobility for periods of days or weeks, typical of “travel” patterns,
may rapidly spread diseases with short resolution periods. The latter is il-
lustrated by the spread of severe acute respiratory syndrome (SARS) from
Hong Kong to Toronto within weeks in spring 2003, and the spread of the
influenza A(H1NT1) virus from Mexico to New York in April 2009.

Measurement of both intra- and international migration is poor, with
most estimates coming from census data on birthplace. The global count of
foreign-born persons now living in a different country has increased moder-
ately, from about 75 million in 1965 to about 175 million in 2000 (United
Nations, 2002). This growth is somewhat misleading, however, because
a portion of the increase resulted from the break-up of the Soviet Union.
About half of the world’s international migrants have moved between de-
veloping countries. As of 1990, the United Nations (2002) estimated that
about 13 percent of international migrants were living in Africa, 36 percent
in Asia, 21 percent in Europe, 20 percent in North America, 6 percent in
Latin America, and 4 percent in Oceania.

Population displacements as a result of conflict or natural disaster are
likely to create conditions of crowding and poor sanitation that are highly
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conducive to the spread of infectious diseases. As of 2007, the Office of the
United Nations High Commissioner for Refugees reported a total of 16
million refugees, under its or the United Nations Relief and Works Agency
mandates, 26 million persons reported internally displaced as a result of con-
flict, and 25 million reported internally displaced as a result of natural disas-
ters (UNHCR, 2009). Given the caveat that definitions and data collection
procedures have varied over time, the numbers of refugees and internally
displaced persons have not changed dramatically over several decades.

Human travel associated with tourism, business, and other moves not
associated with changing residence have increased rapidly over the past 50
years and are projected to continue to increase. As shown in Figure 3-4,
the revenue passenger kilometers represent the total number of passengers
traveling globally multiplied by the number of kilometers they commercially
fly, illustrating the increasing number of people and goods that are traveling
farther and faster around the globe.

Human movement has significant implications for human and animal
health. Not only are travelers (tourists, businesspeople, and other workers)
at risk of contracting communicable diseases when visiting tropical coun-
tries, but they also can act as vectors for delivering infectious diseases to
a different region or potentially around the world, as in the case of SARS.
Refugees have become impoverished and more exposed to a wide range
of health risks because of their status (Toole and Waldman, 1997), and
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FIGURE 3-4 Volume of global air traffic, 1985-2001, and projection of future
trends, 2001-2021.
SOURCE: Adapted from Daszak and Cunningham (2003).
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their populations have been reported to harbor hepatitis B, tuberculosis,
and various parasitic diseases (Loutan et al., 1997). Immigrants may come
from nations where infectious diseases such as tuberculosis and malaria are
endemic, and refugees may come from situations where crowding and mal-
nutrition create ideal conditions for the spread of diseases such as cholera,
shigellosis, malaria, and measles (CDC, 1998).

Urbanization

Populations in urban areas are typically less exposed to animal contact
than rural populations, depending on the market structures and production
systems of live food animals, but urbanites may also live in more crowded
conditions conducive to disease transmission. The increase of global popu-
lation over the past 50 years has been roughly paralleled by an increase in
the level of urbanization. In 2005, the world’s population was nearly 50
percent urbanized, a figure forecast to rise to nearly 70 percent by 2050
(United Nations, 2008). Developing countries as a whole, and South Cen-
tral Asia and sub-Saharan Africa in particular, are somewhat less urbanized
than the global average, though the differences have narrowed over time. By
contrast, in all regions except sub-Saharan Africa, the rural population is
forecast to be declining by 2050, and has probably been declining since the
early 1990s in Latin America. Of course, cities grow in part by encroaching
on surrounding farmland. The combination of reduced population incre-
ments and declining rural populations is likely to increase pressures on land
resources in the future.

Human Behavior and Cultural Factors

Researchers have identified several social and cultural factors as drivers
of emerging zoonotic diseases (Mayer, 2000; Patz et al., 2000; Daszak et
al., 2001; Macpherson, 2005). Changing demographics and unprecedented
population movement, as well as increased global flow of people, goods,
food-animals, food products, and domestic and wild animals, all affect
“microbial traffic” and emerging viral, bacterial, and parasitic zoonoses
(Morse, 1993; Mayer, 2000). Social changes resulting in altered land and
water-use patterns, intensified agricultural practices, deforestation and re-
forestation, and human and domestic animal encroachment on wildlife
habitats also affect the movement of pathogens. These factors contribute
to cross-species pathogen transmission and the emergence of new epidemic
diseases that affect humans and animals, including the transmission of zoo-
notic diseases to humans and the anthropogenic movement of pathogens
into new geographic spaces affecting the health of wildlife (Daszak et al.,
2001).
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Natural and Built Environments

The built environment—environments made, modified, and used by
humans—is characterized by a sense of cultural aesthetics that influences
how buildings, gardens, ponds, and parks are constructed. Environments
are modified not only for aesthetic reasons, but also for utilitarian needs to
provide a larger, general population with access to a public good or utility,
such as dams for hydroelectric power or canal-building for transportation.
Built environments have provided breeding sites for disease vectors such as
Aedes aegypti, the mosquito which transmits dengue fever.

Culture, society, and religion influence the kinds of foods people eat,
how foods are prepared, and the demand for foods at particular times
(Shanklin, 1985). For example, each year 2—4 million Muslims from more
than 140 countries make the pilgrimage to Mecca in Saudi Arabia for the
Hajj or for Umrah (year-long lesser religious rites). During the religious fes-
tivals of Eid al-Adha,3 up to 10-15 million small ruminants or 64 percent of
the global trade of live sheep (Shimshony and Economides, 2006) are ritu-
ally slaughtered in various countries, including Saudi Arabia where Mecca
is located, but even outside urban areas such as Washington, DC, to feed an
estimated 12-15 million people. Most of these animals are shipped alive to
the Arabian peninsula from countries across the Red Sea in East Africa and
the Horn of Africa, where diseases that affect both humans and animals,
such as the mosquito-borne disease Rift Valley fever (RVF), are endemic
(Ahmed et al., 2006; Davies, 2006). Because animals are dispatched rapidly
to preserve their value and the incubation period of diseases such as RVF is
days longer than the transport time, conditions are ripe for disease spread.
In 2000-2001, RVF was reported in Saudi Arabia (CDC, 2000) and has
the potential to become an epidemic if not carefully monitored. Challenges
to disease surveillance include not only heavy human and animal traffic
and crowded conditions in ports and pilgrimage sites, but also political
instability in the region and lack of cooperation among countries, which
undermines the reporting of sick animals.

Food Preferences

Taste is a cultural phenomenon that influences food preparation and is
also a driver of zoonotic disease transmission and infection. Globalization
has also fostered the taste for foods from other cultures that contain raw
meat or fish (e.g., sushi), and this can facilitate a number of parasitic zoo-
noses (Macpherson, 2005). In both Indonesia and China, a preference for

3Eid al-Adha (Arabic for “Festival of the Sacrifice”) is a major Islamic festival that takes
place at the end of the Hajj observed by Muslims throughout the world to commemorate the
faith of Ibrahim.
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the consumption of freshly slaughtered local chicken draws people to “wet
markets” that vend live poultry (as well as other animals) for slaughter
either onsite or at the buyer’s home (Liu, 2008; Padmawati and Nichter,
2008). Local chickens in Indonesia are considered better tasting, resistant
to disease, and strength-enhancing when consumed. Local chickens also
fetch a higher price in the market and are trucked to major cities from the
countryside to meet demand (Diwyanto and Iskandar, 1999). This practice
puts consumers in contact with live fowl and freshly killed wild animals
(primates, reptiles, bats, etc.) as well as domesticated animals (e.g., dogs,
civets, pigs) and their feces, which may be infected with pathogens and
contribute to the transmission of zoonotic diseases such as SARS and HPAI
HS5N1. Consumer preference for fresh products of wet markets is a compli-
cating factor for health authorities that are trying to reduce health risks.

Bushmeat consumption, especially of primates, has been tied to zoo-
notic diseases such as HIV and Ebola (Peeters et al., 2002; Chapman et al.,
2005; Daszak, 2006). Bushmeat may either be consumed as an inexpensive
source of protein or as a sought-after delicacy, according to cultural value
related to taste, wealth, and cultural significance. Bushmeat has cultural
significance in not only religious rites, which increase demand for meat
(Adeola, 1992), but also ethnic identity, nostalgia, and social memory
(Holtzman, 2006). The demand for bushmeat is driven by cultural factors
as well as wild game availability, poverty, food insecurity,* and an increased
demand for protein. Increases in household wealth, however, appear to shift
preference from bushmeat to the meat of domesticated animals (Schmink
and Wood, 1992; Stearman and Redford, 1995) or narrow the range of
bushmeat species consumed (Hames, 1991; Layton et al., 1991).

Most bushmeat is not taken in a simple subsistence manner, that is, di-
rectly from the forest to the table. An estimated 90 percent of all bushmeat
consumed moves through a distinct and well-organized market chain, with
numerous nodes along the supply chain where the meat changes hands mul-
tiple times between the animal’s death and its presence on the dinner table
(de Merode and Colishaw, 2006). The exchangers in this process include,
among others, hunters, porters, bicycle traders, wholesalers, market-stall
owners, and food preparers. Each person handling the meat or carcasses is

4In 2007, more than 900 million people suffered from malnutrition due to chronic food
insecurity, an increase of 75 million in 1 year (FAO, 2009a). Recent events such as increased
farming for use in biofuels, high world oil prices, and escalating consumer demand in emerg-
ing economies such as India and China have caused major fluctuations in food security, par-
ticularly for the urban poor, raising the number of people who are at least periodically food
insecure to 2 billion (FAO, 2009a). Globally, bushmeat forms an important part of the diet
for many poor households (de Merode et al., 2004). As prices of imports increase or strife
breaks down international market chains, the consumption of bushmeat increases (Karesh et
al., 2005).
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exposed to the normal flora as well as any pathogens present. Additional
sources of infection include the remnants and wastes from the carcasses,
which could be scavenged and taken to even more new hosts.

Repeated transmission of viruses to humans, most of which do not
result in human-to-human transmission, is termed “viral chatter” (Wolfe
et al., 2005). For example, simian foamy viruses are known to infect
bushmeat hunters regularly, but to date there has been no evidence of
human-to-human transmission (Wolfe et al., 2004). More bushmeat means
more viral chatter, which will increase the incidence of human infections,
increase the number of pathogens that may infect humans, and increase
the probability of eventual human-to-human transmission of one of these
agents. As food insecurity increases, the bushmeat market becomes more
essential and more lucrative, creating more opportunities for transmission
of pathogens to humans.

The consumption of wild-animal products is also driven by cultural
dietetic practices related to health promotion and disease treatment, known
as zootherapeutics. Animal products are deemed to have medicinal value,
and when consumed, play an important role in ethnomedical systems to
increase strength as well as enhance virility (Afolayan and Yakubu, 2009)
or to treat illness in humans and domestic animals (Martin et al., 2001;
Mathias and McCorkle, 2004; Kakati et al., 2006; Mahawar and Jaroli,
2008; Soewu, 2008).

Companion Animals

The popularity of companion animals is a cultural phenomenon sub-
ject to social and economic contingencies. These include animals kept for
display as well as animals for which humans develop a special relationship
that extends beyond the animals’ value for work, substance, or sale. For
example, despite the risk of HPAI H5N1, backyard chickens are allowed
in the kitchen and treated as companion animals by some Indonesians the
same way an American might care for a dog or cat. Fighting cocks are
groomed and handled daily by their owners who express considerable af-
fection for them. Primates are kept as pets in parts of the Cameroon where
high rates of simian immunodeficiency virus have been recorded (Peeters
et al., 2002). Pastoralists in Africa and Hindus in India have special re-
lationships with cattle that extend beyond their monetary or exchange
value. Dogs and cats are the most popular companion animals (found in
63 percent of American homes) and are at once associated with positive
health benefits ranging from physical health (e.g., lower blood pressure and
cholesterol, increased exercise) to mental health (e.g., improved psychologi-
cal coping with stress, decreased psychotropic medication use among the
elderly). At the same time pet ownership increases the chances of zoonotic
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infection from several different types of diseases (e.g., salmonellosis and
Giardia, Cryptosporidium and toxoplasmosis, rabies). The transnational
trade in exotic animals from birds to nontraditional companion animals
(e.g., prairie dogs that carry monkeypox in the United States) is growing
and creating new challenges for both human and animal health profession-
als and demands their closer collaboration (Pickering et al., 2008).

Global Food Systems and Food Safety

The livestock production system,’ farm and market structure, and farm
geography are major variables that define the emergence and consecutive
spread of a zoonotic disease.

Production Systems

Seré and Steinfeld (1996), who prepared the standard work on live-
stock production systems, distinguished two groups of farming systems.
The first are the pure animal production systems, in which less than 10
percent of the total value of outputs comes from non-livestock farming ac-
tivities, can be further differentiated into pure grassland-based systems and
landless (or industrial) systems, which buy at least 90 percent of their feed
from other enterprises. The second are the mixed farming systems, where
livestock farming is associated with cropping. Globally, the mixed farming
system is the most important producer of beef and milk. The production
of pork is about equally distributed over mixed and industrial systems,
whereas the industrial system is the dominant origin of poultry meat. The
future will probably see a stagnation of the grazing system, a slight decrease
in the mixed farming system, and a continuation of the strong increase in
industrial swine and poultry production units (Steinfeld et al., 2006).

Farm and Marketing Structure

Projections suggest that farm size will increase in about one-half of the
world, and shrink in the other. Economies of scale in production, and in
particular in meeting stricter food safety and environmental standards and
the low, marginal returns to labor in the food-animal production sector,

SA production system clusters production units (herds, farms, ranches), which, because of
the similar environment in which they operate, can be expected to produce according to similar
production functions. This similar environment can be characterized by the physical (climate,
soils, and infrastructure) and biological environments (plant biomass production, food-animal
species composition) and economic and social conditions (prices, population pressure and
markets, human skills, and access to technology and other services) and policies (land tenure,
trade, and subsidy policies) (Seré and Steinfeld, 1996).
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will drive the process of the increase in size and scale in the industrialized
world. For example, in the United States, the share of the value of pork
production from farms with sales of $500,000 increased from 14 percent
in 1989 to 64 percent in 2002, and for poultry meat, from 40 to 68 per-
cent over the same period (McDonald et al., 2006). On the other hand, in
most developing countries, population pressure has led to an increase in
the number of farm holdings and a subsequent decrease in farm size. For
example, in India, the number of farm holdings increased from 70 million
in 1970-1971 to nearly 98 million in 1985-1986. Farm holdings further
increased to approximately 105 million in 1990-1991, with a major shift
to landless and marginal farm holdings (AERC, 2005).

Balance of Food Production and Its Ecological Impacts

Livestock production is strongly linked to land. Livestock production
uses nearly 4 billion, generally intensively managed hectares (ha) of land, of
which 0.5 billion are for feed crops such as corn and soya (33 percent of the
total cropland); slightly more than 1 billion are for pasture with relatively
high productivity, and the remaining 2 billion ha are extensive pastures with
relatively low productivity (Steinfeld et al., 2006). Expansion of demand for
food-animal products can be met by intensifying land use, increasing the
yield per unit area, or expanding the area under feed crops or grassland.
Until the 1960s, increasing the livestock population and expanding the area
under feed and fodder crops have been the main trends. As a result, the
conversion of natural habitats to pastures and crop land has been rapidly
growing. More land has been converted for the growing of crops between
1950 and 1980 than in the preceding 150 years (MEA, 2005). There are
major regional differences, however, with continuing strong crop-land area
expansion in Asia and Latin America, but a reduction of agricultural land-
use in North America and Europe. These trends are expected to continue,
with a stronger accelerating conversion of natural habitat into crop land in
sub-Saharan Africa (Steinfeld et al., 2006).

Recent trends show a tendency toward intensification, with higher
yields per area of feed crops and per animal, and lower feed inputs per
unit of production. For example, global corn yields increased from 31,542
hectograms (hg) per ha in 1980 to 50,102 hg per ha in 2005 (FAO, 2009b),
and the amount of feed required to produce 1 kilogram (kg) of poultry meat
decreased in the United States from 1.92 kg in 1957 to 1.62 kg in 2001
(Havenstein et al., 2003). This increase in productivity has been achieved
through a greater use of capital and technology, mainly through purchased
goods (e.g., feed and pharmaceutical inputs) and services (e.g., animal
health and expert advice).
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Parallel Evolution of Marketing Systems and Production Geography

Production and marketing systems develop to supply demand for ani-
mal products most efficiently while reducing production and delivery costs.
The marketing system differs depending on the pattern of food-animal
production. In relatively simple production systems, distances to markets
are short, and most products are marketed on foot or fresh in wet mar-
kets. Unsold stock or products, after having been in contact with live or
fresh material from other origins, are often taken outside the market, thus
increasing the chance of disease spread. As economic development pro-
gresses further, and distances between producer and consumer lengthen,
supermarket chains with more stringent standards emerge. Their share in
total sales is rapidly increasing, in particular in East Asia and Latin America
(Reardon et al., 2003).

These trends have major implications for the emergence of zoonotic
diseases. In countries where consumption and production grow most, which
cover a large part of the developing world, there is still a high density of
smallholders, together with an emerging, often poor biosecure industrial
sector. This was described as a high-risk situation in the emergence of
HPAI H5N1 (Slingenbergh et al., 2004). Moreover, the concentration of
the larger industrial operations around the urban centers results in major
environmental pressures on soil and water. This presents another set of con-
ditions favorable for the emergence of new zoonotic pathogens, although
if they are professionally managed and adopt highly integrated production
compartments with strict biosecurity measures, they actually reduce the
animal-human interface and can reduce the disease pressure. Finally, these
risks are further exacerbated by the open market system.

The Case of Poultry Production in Southeast Asia

Smallholder poultry keeping, also known as “backyard poultry,” has
been advocated for decades by the Food and Agriculture Organization of
the United Nations as a strategy for poverty reduction. The greatest density
of poultry is in East and Southeast Asia (see Figure 3-5). Along with wet
market supply of fresh poultry, there has been an increasing urbanization
of smallholder poultry keeping. As previously mentioned, urbanization of
the human population has been rapid, and the migration of people has
been accompanied by the migration of their animals. For example, the
global distribution of swine appears to be heavily concentrated in East and
Southeast Asia, along with poultry (see Figure 3-6). This can present public
health concerns and challenges, given that pigs can play a crucial role in
influenza ecology and epidemiology because of their susceptibility to both
human and avian viruses; scientists consider them a “potential ‘mixing
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FIGURE 3-5 Distribution of poultry in East and Southeast Asia.
SOURCE: FAO (2007). Reprinted with permission from FAO.

vessel’ for influenza viruses, from which reassortants may emerge” (Capua
and Alexander, 2008, p. 4).

Two major trends have occurred in poultry agriculture in the region
since the 1960s. First, intensive poultry agriculture was introduced into
Thailand in the late 1960s through a strategic partnership between the
Charoen Pokphand Corporation (known as “CP Corp”) and Arbor Farms
in the United States. This was a core technology that was adopted to cre-
ate the first fully vertically integrated approach (seeds for animal feed, and
animals purposed for fast food) in Asia. In 1978, CP Corp registered as
corporation #001 in the People’s Republic of China and introduced the first
barns containing more than 5,000 birds into that country. By the 1990s,
CP Corp was the largest chicken producer in Asia (Horn, 2004), and by
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2003, Thailand was the third largest producer of poultry in the world. It
is not known to what extent these coincidental trends may have “set the
stage” for the avian influenza outbreaks that have ravaged the region since
2003 (Kimball, 2006). Other issues unique to Southeast Asia confound the
control of avian influenza. Waterfowl are asymptomatic reservoirs for HPAI
HS5N1. Thus, the traditional practice of free-range raising of ducks serves
to disseminate infection among vulnerable poultry flocks.

Legal and Illegal Trade

Legal Wildlife Trade

Few reliable estimates can quantify the global illegal trade in wildlife®
or its value, but some estimates are in the billions of dollars annually. Some
analysts identify the United States, the People’s Republic of China, and the
European Union as the areas with greatest demand, driven by the need
for specific animal parts to use in zootherapeutics (e.g., powdered rhino
horn), for human consumption (e.g., bushmeat), as symbols of wealth (e.g.,
hunting trophies), and as exotic pets (e.g., black palm cockatoos). The
United States purchases nearly 20 percent of all legal wildlife products on
the global market (CRS, 2008). Source countries of both legal and illegal
exports tend to include developing countries with rich biological diversity
(CRS, 2008).

The World Organization for Animal Health (OIE), acting through the
World Trade Organization, deals almost entirely with a series of diseases
listed as “notifiable,” which are of importance to agriculture and trade.
High-impact diseases that are present in introduced wildlife and that do
not affect human or food-animal health are rarely the subject of legisla-
tion, even though OIE has the authority to list wildlife diseases as notifiable
due to their impact on wildlife and the environment. In both developed
and developing countries, the legislative authority and responsibility over
human and ecosystem health impacts of the wildlife trade are unclear or
poorly coordinated.

A recent study by the Consortium for Conservation Medicine showed
that more than half a million shipments containing more than 1 billion
live animals were imported into the United States between 2000 and 2006

®Illegal trade in wildlife is defined as “Illicit procurement, transport, and distribution—in-
ternationally and domestically—of animal parts and derivatives thereof, in contravention of
laws, foreign, and domestic, and treaties. Illegal wildlife trade ranges in scale from single-item,
local bartering to multi-ton, commercial-sized consignments shipped all over the world. Wild-
life contraband may include live pets, hunting trophies, fashion accessories, cultural artifacts,
ingredients for traditional medicines, wild meat for human consumption, and other products”

(CRS, 2008, p. 1).
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(Smith et al., 2009). Nearly all of these shipments were designated for com-
mercial purposes (e.g., pet and food trade), and nearly 80 percent contained
animals from wild populations (Smith et al., 2009). Annual shipments of
live animals traded by the United States increased significantly over the time
period of the study, as did the number of individual animals traded.

In the United States, the U.S. Department of Agriculture is responsible
for health inspection of wildlife shipments, but only for those animals
used in food production. Thus, when wildlife are imported into the United
States, they are inspected by the U.S. Fish and Wildlife Service (USFWS)”
to examine their CITES (The World Conservation Union’s Convention on
International Trade in Endangered Species of Wild Fauna and Flora) status,
but minor clinical signs are unlikely to be reported. Wildlife reservoirs of
zoonotic pathogens often show no clinical signs, so they would likely be
missed in the USFWS screenings of shipments.

Furthermore, the focus of the agency is conservation, not disease pre-
vention and detection. In 2007, the USFWS processed 188,000 wildlife
shipments worth more than $2 billion, conducted 14,000 investigations,
and recorded a total of more than 200 million live wildlife legally imported
into the United States (Einsweiler, 2008). By the fourth quarter of 2008,
USFWS had 114 inspectors stationed at 38 ports of entry/exit and 201
special agents stationed around the country. Even with these resources,
the agency physically inspects an average of only 25 percent of all wildlife
shipments (Einsweiler, 2008).

The U.S. Centers for Disease Control and Prevention (CDC) also plays
a role in regulating and monitoring the U.S. importation of animals used for
nonfood production purposes.® A recent example is the 2003 U.S. outbreak
of human monkeypox, a zoonosis harbored by African rodents imported
into the United States for the pet trade. After 215 CDC employees spent
65 person-days investigating 72 human cases and confirming 37 of the
cases (Marano, 2008), CDC and the Food and Drug Administration (FDA)
jointly used emergency powers to ban importation of this pathogen’s species

7The U.S. Fish and Wildlife Service (USFWS) conserves, protects, and enhances fish, wildlife,
and plants and their habitats and is responsible for ensuring that imports meet international
CITES (The World Conservation Union’s Convention on International Trade in Endangered
Species of Wild Fauna and Flora) requirements. The USFWS collaborates with the U.S. De-
partment of Agriculture, the U.S. Food and Drug Administration, the U.S. Centers for Disease
Control and Prevention, and U.S. Customs. Globally, it collaborates with the INTERPOL
Wildlife Crime Working Group and the Association of Southeast Asian Nations Wildlife Law
Enforcement Network (Einsweiler, 2008).

8The U.S. Centers for Disease Control and Prevention’s Division of Global Migration and
Quarantine enforces Department of Health and Human Services’ authority at 20 ports of entry
to protect human health and has the authority to restrict importation of animals and products
if they pose threats to human health. These may include dogs, cats, turtles, tortoises, terrapins,
nonhuman primates, etiologic hosts, vectors, agents, African rodents, persons, carriers, and
things (IOM, 2006; Marano, 2008).
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reservoirs and restrict interstate movement of African rodents and prairie
dogs. In September 2008, FDA lifted its restrictions on the interstate move-
ment of prairie dogs, but the CDC national importation ban remained in
place. A CDC official noted, however, that the ban on African rodents also
resulted in an increase in the U.S. importation of rodents for the commercial
pet trade from other continents, especially Asia (Marano, 2008).

The trade in wildlife has led to the introduction of pathogens that
threaten human and animal health, agricultural production, and biodiver-
sity. The human-mediated introduction of infectious disease and vectors,
termed “pathogen pollution” (Daszak et al., 2000), is expected to continue
to rise via future expansion of global travel and trade (Cunningham et al.,
2003; Daszak and Cunningham, 2003). There appears to be a growing
awareness of this impact by the wildlife trade, particularly following SARS
and human monkeypox. This adds pressure to deal with the welfare and
conservation impact of the trade, in particular the repeated introduction
of invasive species (Eterovic and Duarte, 2002; Reed, 2005; Fowler et al.,
2007).

ENVIRONMENTAL FACTORS

Emerging infectious diseases are by definition in a process of flux, either
rising in incidence, expanding in host or geographic range, or changing in
pathogenicity, virulence, or some other factor. It is increasingly clear that
large-scale, often anthropogenic, environmental changes are among the
most important drivers of emerging zoonoses. These drivers include land-
use changes (e.g., deforestation, agricultural encroachment, and urban
sprawl), climate change, and more subtle products of anthropogenic change
such as biodiversity loss (IOM, 1992; Krause, 1992, 1994; Morse, 1993;
Daszak et al., 2000, 2001; Anderson et al., 2004). These drivers often act
via complex pathways that are poorly understood. For example, fragmenta-
tion, which may be due to suburban expansion of housing developments,
generally leads to loss of biodiversity; this has been linked to heightened
Lyme disease risk in the northeastern United States (Ostfeld and Keesing,
2000; Allan et al., 2003; LoGiudice et al., 2003).

Unraveling this complexity will require long-term field research to ac-
count for annual variation in environmental or other factors. For example,
it has taken more than a decade to demonstrate the mechanistic interaction
of biodiversity changes and Lyme disease risk in the United States, and the
link between El Nifio-Southern Oscillation (ENSO), rainfall, and hantavirus
pulmonary syndrome in the Southwest desert (Mills et al., 1999). However,
these studies have key value to human and animal health in that they dem-
onstrate causative links that can be used, for example, to predict climate-
linked outbreaks of vector-borne diseases (Linthicum et al., 1987, 1999).
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Deforestation

Rates of deforestation have increased exponentially since the beginning
of the 20th century. Although reforestation has been conducted in some de-
veloped countries (e.g., parts of Europe and the United States), 2—3 percent
of global forests continue to be lost each year with the majority of losses in
tropical countries. Deforestation and processes that lead to it have a num-
ber of ecosystem consequences. Deforestation decreases the overall habitat
available for wildlife species. It also modifies the structure of environments,
for example, by fragmenting habitats into smaller patches separated by
agricultural activities or human populations. Increased “edge effect” (from
a patchwork of varied land uses) can further promote interaction among
pathogens, vectors, and hosts. This edge effect has been well documented
for Lyme disease (Glass et al., 1995). Similarly, increased activity in forest
habitats (through human behavior or occupation) appears to be a major
risk factor for leishmaniasis (Weigle et al., 1993). Evidence is mounting that
deforestation and ecosystem changes have implications for the distribution
of many other microorganisms and the health of human, domestic animal,
and wildlife populations.

Deforestation, with subsequent changes in land-use and human settle-
ment patterns, has coincided with an upsurge of malaria and its vectors in
Africa (Coluzzi et al., 1979; Coluzzi, 1984, 1994), in Asia (Bunnag et al.,
1979), and in Latin America (Tadei et al., 1998). When tropical forests are
cleared for human activities, they are typically converted into agricultural
or grazing lands. This process is usually exacerbated by road construction,
which causes erosion and allows previously inaccessible areas to become
colonized by people (Kalliola and Flores, 1998). Cleared lands and culverts
that collect rainwater are in some areas far more suitable for larvae of
malaria-transmitting Anopheline mosquitoes than are intact forests (Tyssul
Jones, 1951; Cruz Marques, 1987; Charlwood and Alecrim, 1989). De-
forestation and logging often result in exposure of small groups of people
and food-animals to new pathogens, particularly where bushmeat hunting
occurs (Wolfe et al., 2000). Finally, land-use changes drive some of these
pathogen introductions and migrations, and those changes increase the
vulnerability of habitats and populations to these introductions. Human
migrations also drive land-use changes that, in turn, drive infectious disease
emergence.

Habitat Fragmentation

One of the key products of anthropogenic land-use change is the frag-
mentation of wildlife habitat, which alters the composition of host species
in an environment and the fundamental ecology of microorganisms. Top
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predators and other species at higher trophic levels usually exist at low-
population density and are sensitive to changes in food availability. The
smaller patches left after fragmentation reduce sufficient prey populations,
causing local extinction of predators and a subsequent increase in the
density of their prey species. Smaller fragments in North American forests
have fewer small mammal predators and higher densities of white-footed
mice, a highly competent reservoir of the Lyme disease pathogen Borrelia
burgdorferi (Ostfeld and Keesing, 2000). In these fragments, the risk of
Lyme disease infection in people is higher; in less modified habitats, in-
creasing diversity of alternative and less competent reservoirs dilute this
risk (Ostfeld and Keesing, 2000). Therefore increasing diversity provides a
“dilution effect”—a buffer against disease risk that is lost when habitat is
fragmented (Schmidt and Ostfeld, 2001).

Agriculture

Crop Irrigation and Breeding Sites

Agriculture occupies most of the world’s arable land and uses more
than two-thirds of the world’s fresh water (Horrigan et al., 2002). The
subsequent increase in irrigation reduces water availability for other uses
and increases breeding sites for disease vectors. Irrigation development in
the southern Nile Delta following construction of the Aswan High Dam has
caused a rapid rise in mosquito populations and an increase in the Culex-
borne disease, Bancroftian filariasis (Harb et al., 1993; Thompson et al.,
1996). Onchocerciasis and trypanosomiasis are further examples of vector-
borne parasitic diseases that may be triggered by changing land-use and
water management patterns. In addition, large-scale use of pesticides has
had other deleterious health effects on farm workers, including poisoning,
hormone disruption, and cancer (Blair et al., 2005; Bretveld et al., 2006;
Calvert et al., 2008).

Food-Borne Diseases

The expansion of international food trade has led to a series of dis-
ease outbreaks and the emergence of some novel agents. U.S. importation
of strawberries from Mexico, raspberries from Guatemala, carrots from
Peru, and coconut milk from Thailand have caused recent outbreaks. Some
recent outbreaks of food-borne diseases in meat and vegetables can also
be attributed to domestically produced food. Food safety is an important
factor in human health. Food-borne disease accounts for an estimated 76
million illnesses, 325,000 hospitalizations, and 5,200 deaths in the United
States each year (CDC, 2005). Other dangers include antibiotic-resistant
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organisms, such as Cyclospora, Escherichia coli O157:H7, and other patho-
genic E. coli associated with hemolytic uremic syndrome in children (Dols
et al., 2001).

Secondary Effects

There are secondary health effects associated with agricultural produc-
tion. Examples include the emerging microbial resistance from antibiotics
in animal waste that is found in groundwater fed from farm run-off, and
the introduction of microdams for irrigation in Ethiopia that resulted in a
seven-fold increase in malaria (Ghebreyesus et al., 1999).

Encroachment into Wildlife Habitat

Alterations of ecosystems and natural resources contribute to the emer-
gence and spread of infectious disease agents. Human encroachment on
wildlife habitat has broadened the interface between wildlife and humans,
resulting in increased opportunities for both the emergence of novel or re-
emergence of known infectious diseases in wildlife and their transmission
to people. Rabies is an example of a zoonotic disease carried by animals
that has become habituated to urban environments. Bats colonize buildings;
skunks and raccoons scavenge human refuse; and in many countries, feral
dogs in the streets are common and a major source of human infection
(Singh et al., 2001).

Infectious diseases can also pass from people to wildlife. Nonhuman
primates have acquired measles from ecotourists (Wallis and Lee, 1999).
Also, drug resistance in gram-negative enteric bacteria of wild baboons with
limited human contact is significantly less common than in baboons near
urban or semi-urban human settlements (Rolland et al., 19835).

Climate Change

Climate models for greenhouse warming predict that geographic
changes will take place in a number of water-borne (e.g., cholera) and
vector-borne (e.g., malaria, yellow fever, dengue, leishmaniasis) diseases.
These changes will be driven largely by increases in precipitation leading to
favorable habitat availability for vectors, intermediate and reservoir hosts,
or warming that leads to expansion of ranges in low latitudes, oceans, or
mountain regions. Two phenomena indicate that climate change will likely
have a heightened impact on key human diseases. First, a strong link exists
between ENSO and outbreaks of RVF, cholera, hantavirus, and a range
of emergent diseases (Colwell, 1996; Bouma and Dye, 1997; Linthicum et
al., 1999; Anyamba et al., 2009). If ENSO cycles become more intense, as
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they are predicted to do under climate change scenarios, these events may
become more extensive and have greater impact. Secondly, recent expansion
of Culicoides species, the vector species that spreads the diseases bluetongue
and African Horse Sickness, into Northern Europe, has led to outbreaks of
bluetongue there as recently as 2006, and has put Europe on alert for the
potential introduction of African Horse Sickness. The recent geographic
expansion of this vector species has been hypothesized to have a climate-
change link, although this remains a controversial point (Purse et al., 2005;
Wilson et al., 2008).

TECHNOLOGICAL CHANGES LEADING TO DISEASE EMERGENCE

Disease Diagnosis and Detection

Routine disease diagnosis has a central role in disease surveillance.
Although it is not a direct driver of disease emergence, differences in labo-
ratory diagnostic approaches and diagnostic goals between the human and
animal health fields, variable levels of communication, and limited com-
parison of microbial populations in humans and animals can hinder early
recognition of an emerging zoonotic disease event. These factors can delay
intervention and response with consequent amplification of the impact in
both human and animal populations.

The laboratory infrastructure and approach is quite different in
resource-constrained countries. Although some point-of-care assays for
targeted diseases such as avian influenza are available for animals, few are
actually deployed in laboratories at the district or community level. Assays
for zoonotic diseases such as brucellosis—which are simple, commonly used
in developed countries, and easily deployed—are not uniformly available in
developing countries. Routine infectious disease diagnosis in animals is vir-
tually nonexistent in sub-Saharan Africa and in much of the Near and Far
East, where expertise that is on par with most state diagnostic laboratories
is simply not available. Diagnosis of animal diseases is often established
in the field through familiarity of field personnel, such as veterinarians or
community animal health paraprofessionals, with clinical presentations for
transboundary infectious diseases of importance to the country for trade
and disease-free status. Confirmatory diagnosis is made in national labo-
ratories when possible, and OIE reference laboratories when not. Some of
these diseases will be zoonotic (e.g., RVF), while many are not. As a result,
diagnosis of zoonotic diseases in developing countries is most often first
made in humans. However, diagnosis of zoonotic disease agents is also quite
limited in resource-constrained countries except at the national level.

Exceptions can be found, most often supported by a combination of na-
tional, donor nation, and nongovernmental organization funding. Examples
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include the CDC International Emerging Infections program at the Kenya
Medical Research Institute, the Uganda Virus Research Unit in Entebbe,
and the International Center for Diarrheal Diseases Research, Bangladesh.
In general, however, the challenges of routine diagnosis of and communica-
tion about zoonotic agents found in developed countries are exponentially
amplified in the developing world by a nearly universal lack of sustained
laboratory infrastructure for disease diagnosis. As a result, the majority of
infectious diseases remain undiagnosed in much of the developing world.
The threat of pandemic influenza and other emerging diseases has stimu-
lated donor support to develop the ability to diagnose specific agents in
humans. Unfortunately, the animal disease diagnostic infrastructure has not
been included in this enhanced donor support in most resource-constrained
countries. Additionally and with few exceptions, communication between
the human and animal health sectors remains limited.

Early recognition and intervention in an emerging infectious zoonotic
disease event is essential to limit spread, whether it involves a novel agent
such as the SARS virus or an adaptation of a routinely recognized pathogen
such as influenza virus. Limitations in conventional approaches to diagnosis
of infectious diseases in humans and animals, while not directly driving
emerging disease events, can contribute to spread within the population.
Differential diagnoses for unusual disease events need to be expanded to
include the unknown or not-yet-discovered pathogen. Recognition of these
limitations will help inform a strategic approach toward effective zoonotic
disease surveillance.

Farm Management

As identified earlier, the most remarkable trend in farm management
over the past 30 years has been toward intensification, which has its origins
in the United States. The ready availability of inexpensive grain and the
rapid growth of an efficient transportation system have made it possible
to supply large concentrations of animals with sufficient feed. As shown
in Box 3-1, large-scale facilities in manmade ecosystems permit the pro-
duction of more units of consumable nutrients produced per unit of input
than other systems. Intensive agriculture has since spread to all parts of the
world, and it has both advantages and disadvantages (see Box 3-2).

Disease Management for Food-Producing Animals

As previously mentioned, food-producing animals are economic enti-
ties. Disease treatment is not administered to individual animals; instead,
the entire herd is monitored. Although it might seem easy to protect the
human population from serious zoonotic diseases (e.g., anthrax or Brucella)
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BOX 3-2
Advantages and Disadvantages of Intensive
Agriculture Related to Zoonotic Diseases

Advantages

* Increased ease of monitoring. With animals congregated and the focus on
profit, avoiding disease is important in minimizing losses. Consequently, there
are good incentives for continual health and disease observations, as well as
working quickly to stamp out any disease that emerges in order to maximize
profits.

* Improved food security. Any losses due to disease are decreased in inten-
sive production systems, and thus more animal protein is produced. Intensive
systems are more efficient than extensive or household systems, so overall
increased animal protein is available.

* Increased ease of biosecurity. In the agricultural context, biosecurity means
the protection of animals from external diseases and pests. In a large operation
that is well maintained, controlling access in and out is easily accomplished.
There are incentives to biosecurity as maximal production requires optimal
health, and therefore increased biosecurity is more profitable. Biosecurity in
extensive or household operations is extremely difficult.

Disadvantages

* Increased probability of the spread of a novel agent. The likelihood of a
pathogen spreading is greater as a function of having a dense herd or flock.
This was seen with Nipah virus spread in Malaysia in 1998—1999 among pigs,
farmers, and bats (Daszak et al., 2006).

* Increased concentration of environmental degradation. Controlling waste
products from an intensive operation is challenging. Although the same waste
products are generated from the equivalent number of animals kept under
extensive conditions, the waste products with intensive production systems
are concentrated. In most developed countries, strict environmental regula-
tions are in place regarding disposal and treatment of waste from these
concentrated operations. However, in less regulated environments, the waste
can be dispensed inappropriately into areas that might allow for transmission
of intestinal pathogens into humans.

through vaccination of all at-risk animals, in practice, food-animals are
only vaccinated against diseases as a matter of cost—benefit if there is a
concern regarding the health of the herd or a high probability of human
health risk.

Although the topic of antibiotic resistance is beyond the charge of the
committee and is in itself the topic of other major studies, the committee
recognized the importance of the issue to make a few observations. An-
tibiotics are commonly used in food-animals as a prophylactic measure,
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as “growth promoters,” and as a treatment in a very minor proportion.
The use of antibiotics for growth promotion began in the 1940s when the
poultry industry discovered that the use of tetracycline-fermentation by-
products resulted in improved performance (Stokstad et al., 1949), although
the mechanisms for improved performance are not completely understood.
Research has suggested that growth promotion works by affecting changes
in intestinal tract microorganisms, resulting in better absorption of nutri-
ents and consequently improvements in weight gain (Stock and Mader,
1984; Preston, 1987; Elam and Preston, 2004). Poultry and swine produc-
tion systems account for most of the use of antibiotics in feed, with 44 and
42 percent of all growth-promotant antibiotics used in these two species,
respectively. Beef production is responsible for the remaining 14 percent
(Mellon et al., 2001). The discontinued use of fluoroquinolones and mac-
rolides in U.S. broiler production could predispose people to greater health
risks as a result of increased illness rates in animals, greater microbial loads
in servings from affected animals, and hence increased potential for human
illness (Cox and Popken, 2006).

Other investigators have found direct links between the feeding of an-
tibiotics and the presence of resistant bacteria in the vicinity, with potential
spread to humans. Tetracycline resistance was found in 77 percent and
68 percent of E. coli and Enterococci isolated from samples obtained at a
swine concentrated animal feeding operation (CAFO) in the United States
(Stine et al., 2007). In a Danish study (Smith et al., 2002), the application
of pig manure as fertilizer for farmland resulted in the detection of elevated
occurrences of tetracycline-resistant bacteria in the soil immediately after
pig manure slurry was spread. Gibbs and colleagues (2006) evaluated the
air plume downwind from a CAFO and found a greater concentration of
antibiotic-resistant bacteria within and downwind of the swine facility than
upwind. Some reports have postulated an association between human and
animal health, food-animal antibiotic resistance, and antibiotic resistance in
clinical isolates (Teuber, 2001; Smith et al., 2002). Clearly there is concern
regarding low-level antibiotic use in food-producing animals, and more
scientific data are needed to develop meaningful policies and procedures
to protect both human and animal health while optimizing food-animal
production.

Biotechnology and Lack of Biosecurity

Biotechnology has precipitated disease emergence in three ways: (1)
through medical innovations; (2) as a result of laboratory escapes; and (3)
through personal contact with laboratory animals or biological agents in a
research setting. A further area of concern is bioterrorism and the manipu-
lation of microbiological agents to make them more readily contagious or
infectious among humans.
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Medical Innovations

In recent years, transplantation has resulted in several cases of zoonotic
diseases infecting transplant recipients. Perhaps the most widely cited in-
stance was an organ donor who was infected with rabies. His organs subse-
quently infected and killed four transplant recipients (Burton et al., 2005).
A second instance involved two clusters of unusual disease in transplant
recipients, in which lymphocytic choriomeningitis virus was eventually di-
agnosed, with seven or eight transplant recipients dying. The organ donor
kept a pet hamster that had a strain identical to those isolated from some
of the transplant recipients (Fischer et al., 2006).

Xenotransplantation is the transplantation of living organs, tissues, or
cells from one species to another, and is considered by some as a solution
to the shortage of human organs and tissues. In the late 1990s, several
companies were working with pigs that were genetically modified to have
a human gene to help decrease the organ rejection response. These pigs
were bred to fill the supply—demand gap for human organ transplantation.
However, the discovery of an endogenous porcine retrovirus slowed the
enthusiasm for this developing field because it proved extremely difficult to
create a population of pigs without this retrovirus. The retrovirus is present
in the genome in multiple copies. Researchers feared the virus could emerge
from porcine-origin cells in intimate apposition within the circulation of
the recipient human and adapt to create a transmissible epidemic (Boneva
et al., 2001).

Laboratory Escapes

The SARS virus was grown and studied in numerous laboratories
around the world. Spread outside of the laboratory has occurred on sev-
eral occasions, including accidents in Taiwan, Singapore, and China. The
incident in China was particularly worrisome as it resulted in three cycles
of person-to-person transmission (Lim et al., 2006). Perhaps the most no-
table and devastating example of laboratory escape is the 1979 incident
at Sverdlovsk, Russia, where anthrax spores were disseminated within a
population due to inadequate biosecurity and failure to change filters in
a timely and adequate manner. This escape resulted in nearly 70 human
deaths (National Security Archive, 2001).

Laboratory Animals or Biological Agents in Research

As biotechnology grows and studies in animals continue, there is always
the possibility of zoonotic disease occurring in the scientific staff who are
responsible for the care of the animals, or in laboratory workers engaged in
microbiological aspects of the disease. There have been numerous instances
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of humans becoming infected with a zoonotic agent within a laboratory,
either through contact with animals or working with the infectious agent.
To date none of these has resulted in subsequent person-to-person spread.
Examples include glanders, tularemia, Q fever, Venezuelan equine encepha-
litis, and herpes B (Hall et al., 1982; CDC, 2000; Rusnak et al., 2004).

Bioterrorism

Though intentional release and use of pathogens to threaten a nation’s
security is also beyond the scope of this study, it is important to mention
that it as a driver for zoonotic diseases. In fact, many of the CDC Category
A, B, and C bioterrorism agents—such as anthrax, plague, tularemia, bru-
cellosis, and cryptosporidium—are zoonoses. Much has been written about
the potential of biotechnology to create a “superbug,” an organism that
could pass rapidly through the population, causing massive morbidity and
mortality. To date there is little scientific evidence that this is easily achiev-
able, but the threat remains.

INADEQUATE GOVERNANCE

Inadequate governance systems at the local, national, and international
levels are another driver. For purposes of this report, “governance” refers
to the structures, rules, and processes that societies individually and col-
lectively use to organize themselves to prevent, prepare for, and respond
to human and animal health threats. Each driver analyzed in this chapter
raises its own set of governance issues within countries and in the relations
between nations. The most effective way to prevent zoonotic disease threats
is to bring the various drivers of such threats under better control. However,
increasing fears of zoonotic disease emergence and spread underscore the
lack of confidence in the legal, regulatory, and enforcement mechanisms es-
tablished by nations to address the political, economic, and cultural trends
that exacerbate zoonotic threats.

Poor governance that undermines a country’s ability to prevent zoo-
noses from emerging and to control the harm their spread might cause
flows from many factors. These include the absence of needed regulatory
authority, antiquated rules, uncoordinated policy and governmental capaci-
ties, lack of resources to devote to addressing difficult health, social, and
economic problems, and the speed and scale of globalization.

Governance capacities are crucial to fund, organize, and operate the
rules, personnel, laboratory capabilities, information networks, and re-
sponse interventions needed to identify zoonotic threats early and to act
swiftly against them. Crafting and sustaining integrated human and animal
health governance capacities locally, nationally, and globally proves difficult
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for many reasons ranging from complacency in developed countries to the
debilitating effects of widespread poverty in least-developed nations. De-
spite these difficulties, these capabilities need support by strong governance
strategies and mechanisms because they serve national interests for human
and animal population health; thus governmental bodies need to take re-
sponsibility for disease prevention, surveillance, and response. Failure to do
so not only contributes to the emergence and spread of zoonotic pathogens,
but also creates a blind spot in any attempts to establish a global system
of disease surveillance, prevention, and control. Chapter 7 provides an in-
depth discussion about the governance challenges facing countries and the
international community.

CONCLUSION

The drivers of zoonotic disease can be quite complex—individually and
collectively. Although some of these drivers may be understood in isolation
or in their simpler, temporal interactions with each other (e.g., food insecu-
rity for workers in a logging or mining camp in Africa, leading to increased
hunting and consumption of bushmeat), the complex ways in which they
change over time (sometimes in lengthy intervals as with HIV) and how
they interact are not well understood. Constant with the coexistence of
humans on the planet are the challenges that the drivers present for when,
how, and where zoonotic diseases will emerge.

The committee concludes that there are few efforts for regular or sys-
tematic review of the scientific information about these drivers. Such a re-
view is needed to inform strategic action that can mitigate the consequences
of drivers by national and global policymakers or international donors
dedicated to global development and poverty reduction. The efforts are also
minimal when governments or governance entities negotiate international
treaties for activities or interests not specifically geared toward protecting
human and animal health, but which may impact them. The committee also
concludes that dedicated attention and resources to improve our recognition
of and comprebension about these factors is a significantly noticeable gap in
global zoonotic disease surveillance, reporting, and response efforts.
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