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Preface 

 
THE GLOBALIZATION OF ANIMAL RESEARCH:  

SCIENCE AND ETHICS AS A FOUNDATION FOR STANDARDS 
 

Impacts of Globalization 
 

International economist Jagdish Bhagwati has called globalization the 
“most powerful force for social good in the world today” (Bhagwati 2004, ix). 
Yet, in the wake of highly publicized news stories about counterfeit pharmaceu-
ticals, the 2007 pet food recall, and tainted heparin supplies, other voices loudly 
criticize the loss of jobs in America and of quality assurance for products asso-
ciated with international outsourcing.  

In addition, pressures on both the health care industry—which relies heav-
ily on animal models for biomedical research and preclinical trials—and science 
in general continue to build. A variety of sources provide data showing that de-
mands for new and better medications and for research on health and quality of 
life will grow, in large part due to the expanding global population.  
 

 In 2006 the United Nations noted that in just 12 years the world popu-
lation was expected to climb from 6.7 billion to 7.6 billion (UN 2006b).  

 The American Veterinary Medical Association has described the health 
risks to this increasing population: “The convergence of people, animals, and 
our environment has created a new dynamic in which the health of each group is 
inextricably interconnected. The challenges associated with this dynamic are 
demanding, profound, and unprecedented” (AVMA 2008, 3).  

 The World Health Report states that “the global health economy is 
growing faster than gross domestic product (GDP)…. In absolute terms, ad-
justed for inflation, this represents a 35% growth in the world’s expenditure on 
health over a five-year period” (WHO 2008, xii). 

 And three of the UN Millennium Development Goals (www.un.org/ 
millenniumgoals) specifically address health: child health (Goal 4), maternal 
health (Goal 5), and the prevention and treatment of HIV/AIDS, malaria, and 
other diseases (Goal 6).  
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Animal research will play an essential role in efforts to meet these increas-
ing demands for global health care. Yet the animal research community faces 
the challenge of overcoming negative impressions that industry and academia 
engage in international collaborations in order to conduct work in parts of the 
world where animal welfare standards are less stringent. Thus the importance of 
ensuring the international harmonization of the principles and standards of ani-
mal care and use cannot be overstated. A number of national and international 
groups are actively working toward this goal. 

 
The Role of the Institute for Laboratory Animal Research 

 
The Institute for Laboratory Animal Research (ILAR), a program unit of 

the US National Research Council, is committed to promoting both the welfare 
of animals used in research and the quality of the resulting science. To that end, 
it convenes those involved in such research and related activities—investigators, 
attending veterinarians and animal care technicians, policymakers and oversight 
committee members, and educators, from academia, industry, professional so-
cieties, and government—to participate in workshops that address both broad 
and particular challenges in the increasing globalization of animal research.  

In 2003 ILAR hosted an international workshop to examine the Develop-
ment of Science-Based Guidelines for Laboratory Animal Care (NRC 2004). 
Participants discussed the available knowledge that could positively influence a 
framework of standards of laboratory animal care and identified gaps in critical 
information. A common thread in the discussions was the subject of harmoniza-
tion of animal care standards, specifically its merits and challenges. While scien-
tific evidence was certainly identified as critical to decisions regarding animal 
care, participants also recognized cultural context as an intrinsic factor in such 
decisions. Many speakers and participants observed that, despite much progress 
in the establishment of standards for the objective evaluation of animal care and 
housing practices, a great deal of work remained to be done. 

In 2007 ILAR convened an international meeting of laboratory animal 
medicine specialists to review the regulatory and guidance documents of several 
countries; the group analyzed descriptions in these documents of the role of the 
veterinarian in this type of work and also determined whether training in areas 
specific to laboratory animal species is required or recommended. This review 
(Zurlo et al. 2009) revealed both commonalities (e.g., in the provision of clinical 
care) and significant differences (e.g., in the designation of who at the institution 
has decision-making authority regarding euthanasia).  

In 2008, to follow up on the 2003 event, ILAR convened a workshop to 
define more precisely the types of information still needed and to identify the 
data necessary to enable prioritization of research and funding support for re-
lated initiatives. This workshop, on Animal Research in a Global Environment: 
Meeting the Challenges, brought together 200 participants from 17 countries 
with a diversity of perspectives. The speakers and participants noted that the 
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landscape of animal-based research had changed in some significant ways since 
the 2003 workshop. Globalization of biomedical research was well under way. 
Outsourcing of research, sometimes to countries with widely divergent regula-
tory systems of oversight, had become an important element of the biomedical 
research enterprise, and academic collaborations across country borders were 
commonplace. Yet air transportation of animals was becoming more restricted. 
And there was increasing public concern about the quality of products and ser-
vices from certain regions of the world. Calls for improvement in laboratory 
animal welfare and data quality became more prominent and the need for glob-
ally accepted approaches to the responsible and ethical conduct of animal re-
search more pressing.  

 
Organization and Content of the Workshop 

 
Fully cognizant of the demands and cautions related to the globalization of 

animal research, ILAR appointed a Workshop Steering Committee, composed of 
US and foreign individuals from academia, industry, and the nonprofit sector, to 
design the program for the 2008 workshop such that session speakers might 
identify and promote better understanding of important challenges in the con-
duct of animal research across country boundaries. These challenges appear in 
the sourcing of animals; the quality of veterinary care; appropriately qualified 
and competent staff; the provision of a suitable environment (including nutri-
tious food and potable water) for animals, both during transport and at the insti-
tution; ethical review of the proposed work and ongoing oversight of the animal 
program; suitable facilities and equipment in which to conduct the work; appro-
priate policies and procedures; and protection of the personnel involved in the 
animal program. 

General topics that framed the first day of discussions were challenges and 
opportunities for harmonization, with representatives from seven organizations 
providing a variety of international perspectives; operational challenges of 
working across differing global standards, with representatives from the phar-
maceutical industry, contract research organizations (CROs), and academia de-
scribing their experiences; and the training and educational challenges of work-
ing across different global standards, with colleagues from various regions of the 
world illustrating how training programs can overcome those challenges. 

On the second day speakers examined in more detail specific issues that 
require attention. They discussed the varying standards and state of veterinary 
care for research animals around the world as well as potential steps toward 
harmonizing veterinary education in laboratory animal medicine and standards 
for laboratory animal care. Presenters also described international principles and 
approaches to pain, distress, euthanasia, and humane endpoints. 

The third day opened with a session concerning efforts to coordinate in-
ternational rodent resources, for example by facilitating transportation, enhanc-
ing databases, and addressing repository issues. The afternoon presentations 
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were devoted to nonhuman primate resources, reviewing the scope of the need 
for primates in research, the concept of an International Primate Plan to investi-
gate and report on supply and demand, the need for harmonized care standards, 
and transportation concerns. 

 
Impacts of the Workshop 

 
The impact of this 2008 workshop has extended beyond the oral presenta-

tions conveyed in these proceedings. It has been a vital bridge for diverse col-
leagues and organizations around the world to advance initiatives designed to 
fill gaps in standards, professional qualifications, and coordination of animal 
use.  

The World Organization for Animal Health (the OIE), with the involve-
ment of speakers from the 2008 ILAR workshop, has published standards on the 
use of animals in research as part of its Terrestrial Animal Code, which includes 
a specific chapter regarding the care and use of research animals. Thanks to the 
OIE’s status as a reference organization for the World Trade Organization 
(WTO), the Code serves as a standards template for the 178 member countries 
and territories of the OIE and thus applies to numerous economies and cultures. 

In addition, ILAR, the OIE, and the International Association of Colleges 
of Laboratory Animal Medicine (IACLAM) convened focus groups to assess the 
laboratory animal veterinary community’s perspective on harmonizing global 
veterinary qualifications and training in laboratory animal medicine. These 
groups met in 2010 at three pivotal laboratory animal science meetings held in 
Europe, the United States, and Asia: the June meeting of the Federation of Labo-
ratory Animal Science Associations (FELASA) in Helsinki; the September 
meeting of the Association for Laboratory Animal Science (AALAS) in Atlanta; 
and the November meeting of the Asian Federation of Laboratory Animal Sci-
ence (AFLAS) Associations in Taipei. More than 100 individuals representing 
27 countries participated in the three meetings, the results of which will be pub-
lished in the online ILAR Journal. 

Finally, development of an International Primate Plan (IPP) continues to 
gain momentum. In 2009 ILAR hosted an international meeting in Irvine, Cali-
fornia, to determine the outline and approach to the plan. The participants repre-
sented key stakeholders such as researchers, veterinarians, and suppliers. Fo-
cused meetings were held in association with the 2010 AFLAS congress, and the 
IPP has been discussed with the National Institutes of Health (NIH), EUPRIM-
NET (the European Primate Network), and the Interagency Research Advisory 
Committee (IRAC) of the US federal government. Substantial progress has been 
made toward the launch of the plan. 

The papers in these proceedings describe important topics facing the bio-
medical research enterprise. Time has not stood still since the workshop and 
there has been progress in some areas, yet much work remains to be done—
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requiring additional attention and resources—to address many of the issues de-
scribed in the following papers. 

 
A Note about the Transcripts 

 
The transcripts in these proceedings are those approved by the speakers; 

presentations shown on the agenda but without a corresponding transcript are 
those for which the speaker did not provide permission for publication. The 
transcripts have been only lightly edited, largely for clarity, the addition of 
sources, and, when appropriate and possible, updating to incorporate the out-
come of reports issued or events held since 2008. The report and speakers’ slides 
are posted on the ILAR website.  

 
Acknowledgments 

 
ILAR thanks the US National Institutes of Health, which sponsored this 

workshop, and the members of the Workshop Steering Committee. 
 

Kathryn A. Bayne 
Global Director, AAALAC International 

 
References 

 
AVMA [American Veterinary Medical Association]. 2008. One Health: A New Profes-

sional Initiative. Available online (www.avma.org/onehealth/onehealth_final.pdf), 
accessed on April 14, 2011.  

Bhagwati J. 2004. In Defense of Globalization. New York: Oxford University Press. 
NRC [National Research Council]. 2004. Development of Science-Based Guidelines for 

Laboratory Animal Care: Proceedings of the November 2003 International Work-
shop. Washington: National Academies Press.  

OIE [World Organization for Animal Health]. 2010. Use of Animals in Research: Terres-
trial Animal Health Code. Available online (www.oie.int/index.php?id=169&L= 
0&htmfile=chapitre_1.7.8.htm), accessed on April 14, 2011. 

UN [United Nations]. 2006a. The Millennium Development Goals Report 2006. Avail-
able online (http://mdgs.un.org/unsd/mdg/Resources/Static/Products/Progress2006/ 
MDGReport2006.pdf), accessed on April 14, 2011.  

UN. 2006b. World Population Prospects: The 2006 Revision. Available online (www. 
un.org/esa/population/publications/wpp2006/WPP2006_Highlights_rev.pdf), accessed 
on April 14, 2011.  

WHO [World Health Organization]. 2008. The World Health Report 2008: Primary 
Health Care Now More Than Ever. Available online (www.who.int/whr/2008/ 
whr08_en.pdf), accessed on April 14, 2011.  

Zurlo J, Bayne K, MacArthur Clark J. 2009. Adequate veterinary care for animals in 
research: A comparison of guidelines from around the world. ILAR J 50:85-88. 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

 

 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

xv 

 
 

CONTENTS 

 
PLENARY LECTURE ................................................................................................1 

Science & Technology and US Foreign Policy, 3 
 Norman Neureiter 

 
INTRODUCTORY LECTURE ..............................................................................13 

Building Momentum: Lessons Learned from  
the 2003 ILAR International Conference, 15 
 Hilton Klein 

 
CHALLENGES AND OPPORTUNITIES FOR HARMONIZATION 

Perspectives from International Organizations ..........................................23 
International Council for Laboratory Animal Science (ICLAS), 25 
 Cecilia Carbone 
World Organization for Animal Health (OIE), 27 
 David Bayvel 
Adequate Veterinary Care and the International Association of  
Colleges of Laboratory Animal Medicine (IACLAM), 29 
 Judy MacArthur Clark  
Association for Assessment and Accreditation of Laboratory  
Animal Care (AAALAC) International, 32 
 Kathryn Bayne 
International Air Transport Association (IATA), 34 
 Carl Kole  
Institute for Laboratory Animal Research (ILAR), 36 
 Joanne Zurlo  
The European Union, 38 
 Malachy Hargadon 

 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

xvi Contents 

Global Issues: Working Across Different Standards.................................41 
Operational Challenges—Pharmaceutical Industry, 41 
 Margaret Landi 
Overcoming Challenges—Contract Research Organizations (CROs): 
Setting Up a CRO in a Foreign Country, 46 
 Bryan Ogden 
Global Issues: Operational Challenges to Working across Different 
Standards in Academia, 54 
 Steven M. Niemi 
Overcoming Challenges—Academia in Europe, 62 
 Harry van Steeg 

 
Training and Education ....................................................................................67 
Charles River: A Model of International Training, 67 
 Marilyn Brown 
The FELASA Training Program, 73 
 Patri Vergara 

 
PLENARY LECTURE ..............................................................................................79 

Animal Research in a Global Environment: Meeting the Challenges, 81 
 John Baldoni  

 
VETERINARY CARE FOR LABORATORY ANIMALS..............................93 

Standards of Veterinary Care for Laboratory Animals, 95 
 Kathryn Bayne 

 
State of Laboratory Animal Medicine Around the World .....................102 
Europe, 102 
 Hans Hedrich 
Latin America, 106 
 Rafael Hernandez  
North America, 109 
 James G. Fox 
 
A Path Forward.................................................................................................113 
Role of the OIE, 113 
 David Bayvel 
Introduction to AAVMC, 117 
 Marguerite Pappaioanou 
AAVMC Strategic Plan, 119 
 Michael Chaddock 
Online Training and Distance Learning, 122 
 Patricia V. Turner 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

xvii    Contents 

International Approaches and Principles for  
Distress, Pain, and Euthanasia ......................................................................128 
Distress, 128 
 David Morton 
Pain: International Differences Across Guidelines  
and Approaches, 135 
 Matt Leach 
Euthanasia, 141 
 Gilly Griffin 
 
International Approaches and Principles for  
Humane Endpoints ...........................................................................................153 
Humane Endpoints in Cancer Research, 153 
 Fraser Darling 
Humane Endpoints in Infectious Disease, 156 
 Carol Eisenhauer 
Humane Endpoints and Genetically Modified Animal Models: 
Opportunities and Challenges, 160 
 Margaret Rose 
Cross-Cultural Ethical Perceptions and Ways to  
Resolve Challenges, 173 
 Bernard Rollin 

 
COORDINATION OF INTERNATIONAL  
RODENT RESOURCES.........................................................................................185 

Mice Traveling the World: Issues in Sharing and  
Transferring Mice, 187 

Lili M. Portilla 
Knockout Mouse Databases: The Knockout Mouse  
Project and Repository, 191 
 Franziska Grieder 
NorCOMM, the North American Conditional Mouse  
Mutagenesis Project, 194 
 Colin McKerlie 
EUCOMM, the European Conditional Mouse  
Mutagenesis Program, 199 
 Martin Hrabé de Angelis 
The RIKEN BioResource Center, 202 
 Yuichi Obata 
Repository Issues—Lessons Learned, 205 
 James Womack 
Transportation and the “Mouse Passport,” 209 
 William White 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

xviii Contents 

INTERNATIONAL COORDINATION OF  
NONHUMAN PRIMATES ....................................................................................215 

Framing the Issues, 217 
 Joseph Kemnitz 

 
Supply and Use of NHP Around the World ...............................................219 
The United States, 219 
 William Morton  
China as a Resource for NHP, 224 
 C.K. Hsu 
New World Primates in Research, 228 
 Chris Abee 
 
Challenges in Outsourcing Studies ...............................................................232 
An Academic Perspective, 232 
 James Macy 
Perspective from China, 236 
 Alex Zhang 
Transportation Issues with Nonhuman Primates, 239 
 Saverio Capuano 
The Future of the Use of Nonhuman Primates in the UK, 241 
 Judy MacArthur Clark 
Proposed International NHP Plan, 246 
 Joseph Kemnitz 

 
ABBREVIATIONS...................................................................................................249 
 
APPENDIX A: WORKSHOP AGENDA ...........................................................252 
 
APPENDIX B: STEERING COMMITTEE BIOS...........................................258 
 
APPENDIX C: WORKSHOP SPEAKERS .......................................................261 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

 

 
 

ANIMAL RESEARCH 
IN A GLOBAL 

ENVIRONMENT
MEETING THE CHALLENGES

Proceedings of the November 2008
International Workshop

 
 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

 
 
 
 
 

Plenary Lecture 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

3 

 
 

Science and Technology and  
US Foreign Policy 

 
Norman Neureiter 

 
It’s a tremendous thrill to be at this podium. It was 4½ years ago almost to 

the day that Secretary of State Colin Powell stood here and talked for an hour 
and brought this packed auditorium to its collective feet in a standing ovation. 
He talked about the role of science and technology and its importance in the 
conduct of US foreign policy. It’s really that theme that I want to expand and 
build on today. 

Before I begin, let me just say that I’m reminded of the importance of 
what you all are doing every morning on my way to work. My office is near 
Metro Center. As one comes out of the subway, there are two big illuminated 
advertisements. One of them really stands out. The first time I saw it, I actually 
stopped and went back to read it. What it says is: “Even if it would find a cure 
for AIDS, I still would be against the use of laboratory animals in testing.” And 
there is a picture of a colony of rats compared with a sick child in a hospital. 
Those are two really catchy images. 

So let me tell you, you are doing some very important work in a very, very 
important field. As you know, in the United Kingdom, this issue has resulted in 
violent demonstrations against animal testing; the British are very concerned 
about it. And some of that activism is beginning to occur in the United States.  

On one of my trips to the UK while I was at the State Department, I was 
invited to appear before a committee of the House of Lords on the subject of 
animal testing, which at the time I knew very little about. They took this issue 
very seriously and wanted to talk about our experience in the US. They were 
deeply worried that stopping animal testing would greatly interfere with medical 
research in the UK.  

So I’m delighted to see so many international visitors here today, so many 
foreign guests. Your presence demonstrates that this is a global issue and some-
thing that we should all be working on together.  

But let me go ahead to my favorite subject: science and foreign policy. In 
1998 Secretary of State Madeleine Albright called on the National Academy of 
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Sciences to do a study on the relationship between science and technology and 
foreign policy. The result of that 18-month study, which was privately funded by 
a wonderful man from New York named William Golden, was this little green 
book, as I call it. For years, while I was at the State Department, people kept 
saying, “This is like Norman’s bible—he carries it around like an itinerant 
preacher.” But if you are interested in the subject of the relationship of science 
and technology to foreign policy, this is probably one of the best pieces ever 
written, despite its rather cumbersome title—The Pervasive Role of Science, 
Technology, and Health in Foreign Policy: Imperatives for the Department of 
State. The key point is that sixteen of the stated goals of US foreign policy—and 
at least in the Clinton administration those goals were actually written down—
involve significant considerations of science, technology, and health. There are 
many examples in the book, and it goes through and develops them very effec-
tively. 

After receiving the report, Secretary Albright set up a study team to exam-
ine its recommendations. Eventually, she decided to proceed with specific ac-
tions to strengthen the capacity of the State Department to deal with the techni-
cal dimensions of foreign policy issues. The report had concluded that the 
Department was at the time not adequately equipped do so. A key decision was 
to appoint a science and technology advisor to the secretary of state to drive this 
process. I was lucky enough to get that job. I always recommend to aspiring 
young people to be the first one to have a new job, because there is no one to 
compare you with. If you are first, you set the bar for your successor.  

It was a fascinating time. I loved the job. It was a 3-year appointment. I 
would have happily stayed on, but that was the agreement. I met with someone 
later from State and I told him what we had done and that I thought we had been 
successful and mentioned some accomplishments. He said, “No, Norman. The 
success was that you had a successor,” because that experiment could so easily 
have been a one-off experience in the State Department. Not only did I have a 
successor, but my successor now has a successor. 

Interestingly, I visited the AAAS website last night while I was making a 
few notes for this talk, and came across an item about Nina Fedoroff, who is the 
present science and technology advisor—she is actually quite a famous scientist, 
who recently got the National Medal of Science for her work in plant genomics. 
There was a summary of a big speech that she had given just two days ago on 
the role of science and technology in foreign policy, and particularly science 
diplomacy, to which I will come back later.  

Jack Gibbons, a former Science Advisor to President Clinton, once called 
the State Department the most technophobic culture he had ever experienced. 
What he was saying is that conveying the importance of these issues to a foreign 
policy culture and to a Foreign Service culture is not so simple. And my office 
consisted of only three people. So, one thing I decided early on was that we had 
to get more scientific smarts into the building—more people with scientific 
backgrounds. 
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It turned out that AAAS had a fellowship program for PhD scientists who 
could be placed in federal agencies for one or two years. At the time I started, 
there were only five of them in the State Department, even though the program 
had started a few years before. With some splendid help from State’s personnel 
people, we were able during my tenure to greatly increase the number. In addi-
tion, three scientific societies supplied additional fellows. And my immediate 
successor in the job succeeded in creating the Jefferson Fellows Program, which 
added each year five to ten tenured professors on leave from their universities. 
That means that at this time there are 40-45 PhD science-diplomat fellows from 
multiple scientific disciplines distributed among some 12 different bureaus of 
the State Department. I believe it is really making a difference. I like to say this 
program has gone far to raise the overall scientific literacy at State and made 
people much more aware of the great importance of science and technology in 
all of our international relationships.  

However, we do not now have scientific attachés in embassies overseas as 
we did 30 or 40 years ago when there were such positions in about 20 embas-
sies. Over time, as the State Department budget decreased, financial and other 
pressures caused those scientific positions in embassies abroad to disappear. 
There still are science officers, but for the most part they are Foreign Service 
officers. They are good people, but they are not scientists, which is a great plus 
when engaging with the local scientific community. Even if one is a physicist, 
he or she can talk to a biologist or a chemist, because all have the same kind of 
experience and confidence in evidence-based science. There is among scientists 
a kind of common language, which greatly facilitates access to the science 
community of other countries.  

Let me give you an example from my own career. In the late 1960s, in the 
middle of the Cold War, I was assigned as a scientific attaché to the US embassy 
in Poland, with responsibility for Czechoslovakia and Hungary as well. The 
Vietnam War was at its peak. Official relations between the US and Poland were 
absolutely dreadful. But I had wonderful access to the people in the Polish 
Academy of Sciences. We had some extra funds at the time that we could use 
for funding cooperation, which I found is a very effective mechanism for engag-
ing with other countries.  

Let me illustrate this with some examples from today. At AAAS we have 
recently created a Center for Science Diplomacy. The point of the Center is to 
build relationships in science and technology to use as an active instrument of a 
constructive foreign policy. You have heard a lot about America’s “hard” power 
in action—not all of it favorable in recent years. This is America’s “soft” power 
in action and something in which I believe very strongly. Science cooperation is 
an instrument that can be very effective in building constructive relationships 
with other countries.  

This means, however, that science is being supported not based purely on 
peer review but as an instrument of foreign policy. The big problem is finding 
funds for this kind of activity. The normal peer review mechanisms based purely 
on merit are not sufficient. We have to find a mechanism in the US through 
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which we can fund these international scientific activities for the benefits that 
come from building relationships with other countries, and not just for the scien-
tific results. 

The first science program ever created for political reasons in the United 
States was in 1961. A professor from Harvard, Edwin Reischauer, wrote an arti-
cle in Foreign Affairs magazine called “The Broken Dialogue.” He felt that the 
university community in Japan was being seduced by the message of the Com-
munist Party and that there was an antagonism to the US and to the US military. 
He wanted to fix what he called the “broken dialogue” between the intellectual 
communities of the US and Japan. 

President Kennedy appointed him as his ambassador to Japan. Shortly af-
ter that, at a White House dinner in honor of visiting Prime Minister Ikeda of 
Japan, President Kennedy raised his glass in a toast and created a program of 
cooperation that had three committees: an economic committee at cabinet level; 
a cultural committee, with some university people; and a joint committee on 
scientific cooperation—the first time that science cooperation was used by the 
US to improve relations with another country. 

This occurred about the time I decided that I wasn’t the greatest researcher 
in the world. I was working at a refinery in Baytown, Texas (which, by the way, 
is now the largest refinery in the United States; although it had to shut down as 
the hurricane blew through a couple of weeks ago). I found a job with the Na-
tional Science Foundation, where I felt I could combine my strong interest in 
international issues with the science. I went to NSF just as this program was 
getting under way, and I became the first permanent director of that US-Japan 
program. That was my “baptism” into the business of international science. I 
have never quite recovered from it. I am still hooked.  

It was curious, though, that we even had criticism of that program from 
the president’s science advisor, Jerry Wiesner, former president of MIT and a 
very distinguished scientist in his own right. He said, “Look, you’re doing sci-
ence for political reasons. Maybe it’s bad science.” My response was “No, it is 
our responsibility as managers of those programs to make sure that the science is 
good.” But if all of those international programs had to compete with the 15 or 
20 percent of R01 proposals that get funded at NIH, or even the 20 percent of 
proposals that get funded at NSF today, they probably would not succeed, be-
cause those funding decisions are made purely on scientific merit and the benefit 
to US science.  

However, while the joint program was producing quality science of inter-
est to both countries, we had to be certain that it also had the potential to build 
relationships that could grow and expand and eventually find their own funding. 
However, this was not always so easy, given the scientific state of Japan in 1961 
compared to the US, which had emerged fully intact from the war. In addition, 
the scientists in the two countries were not familiar with each other and there 
were significant language and cultural issues. 

We were successful in working through all of those challenges, and re-
markably, this Japan program still exists today at the National Science Founda-
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tion, although of course it has changed. There is no more dedicated money for it. 
Scientists in each country find their own funding, but the program really has 
continued for all these years. 

Another activity along these lines is the Pugwash Conferences. These 
were not started by governments but by the scientists themselves (largely physi-
cists). It was people like Andrei Sakharov, Richard Garwin, Frank Long, Leo 
Szilárd, Harrison Brown—people who had been involved in the nuclear program 
and who were concerned about the US and the Soviet Union building enormous 
nuclear arsenals. Some say the US built 75,000 nuclear weapons during the war, 
the Russians 50,000. The biggest Russian weapon was 100 megatons—100 mil-
lion tons of TNT equivalent in the biggest bomb. When they got ready to set it 
off, they were afraid it might throw the earth off its axis, so they actually dialed 
it back to 50 megatons. There is an incredible picture of the mushroom cloud 
from that explosion. 

So these physicists instituted the Pugwash Conferences, which were 
funded by a man who was excoriated in this country, Cyrus Eaton, named “the 
red billionaire” because he was friends with Khrushchev. He funded these con-
ferences in the little town of Pugwash, Nova Scotia, where he had an estate. The 
scientists began a dialogue. Of course, there was a natural empathy between 
physicists who had developed bombs on both sides. They built up an atmosphere 
of trust with each other. Eventually, in my view, which may differ from the 
views of others, this atmosphere of trust percolated up to the governments. 

I was asked to be the interpreter for one of the visits of a Pugwash dele-
gate, who was like myself an organic chemist, on a visit to the United States. It 
was fascinating. We went around to many universities, where he gave his lecture 
in Russian and I translated it into English. After the lecture was over, we went 
into a back room and met with some of the university professors to talk about 
limiting and stopping atmospheric testing of nuclear weapons. 

These conferences eventually led to signing of the Limited Test Ban 
Treaty in the Kennedy administration, and this effort eventually grew into more 
comprehensives treaties for arms control. I personally think these types of dia-
logues between the scientific communities of the two countries contributed in a 
major way to avoiding mutual annihilation. (Remember, the strategy at the time 
was mutual and assured destruction for both sides.) 

President Nixon and Henry Kissinger were supportive of the use of sci-
ence as an instrument of foreign policy. When US presidents traveled around the 
world, they would typically give a gift, such as money or an aid program. As 
some of you may remember at the beginning of the 1970s when the oil prices 
were very high and there was a financial problem in the government, the gov-
ernment began to deliver science cooperation as a gift. The idea was to promote 
cooperation between the US and other countries. 

A big year for this activity was 1972, when President Nixon had the big 
breakthrough with China. That, of course, resulted in a major geopolitical repo-
sitioning of the countries around the world, i.e., between the US and China as 
well as in their triangular relationship with Russia. This was a breakthrough be-
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cause there had essentially been no contact between the US and China since 
1949 when Mao took over in China. While some countries had diplomatic rela-
tions with China, the US had nothing other than some rare, formal discussions at 
the US embassy in Warsaw, Poland. 

As President Nixon’s trip to China was being prepared in complete se-
crecy in the White House, Mr. Kissinger came to my boss Ed David, the presi-
dent’s science advisor at the White House Office of Science and Technology 
(OST), where I was the assistant for international affairs. Kissinger indicated 
that the US would like to present to the Chinese something more than geopoliti-
cal repositioning. He wanted to show them that there could also be some con-
crete, tangible benefit from a new relationship with the US. He wanted us to put 
together some proposals for science cooperation that would demonstrate to the 
Chinese what could result if in fact the two countries could come to an agree-
ment. But, of course, he also said this should all be done in complete secrecy. 

In a few sleepless days and nights, we worked with people at the Academy 
as well as in our own organization and put together approximately 40 proposals 
that were taken to China and were part of the discussions at the diplomatic level. 
Agreement was reached in the form of the famous Shanghai Communiqué, 
which resulted in a great change in the foreign policy of the United States.  

Until 1979, there was a slow beginning of science cooperation with China 
managed by the US National Academy of Sciences. However just before formal 
diplomatic relations were established in 1979 under President Carter, his science 
advisor Frank Press had taken representatives from some 19 federal technical 
agencies along with some university people and come back with agreements for 
cooperation in a wide range of disciplines. Over the next 25 years the resulting 
programs have collectively grown into the largest bilateral cooperative scientific 
relationship of the United States with another country. A significant part of it 
was the fact that between 50,000 and 60,000 Chinese students, graduate stu-
dents, and researchers came to the US every year and worked in our laborato-
ries. Two-thirds of them studied some aspect of science and technology or sci-
ence and engineering. At the beginning, about 90 percent of those people stayed 
in the US—they became college professors, they went into our companies, some 
of them even started companies themselves. Now, however, a much larger per-
centage of these scientists, some of whom have been in the US for many years, 
are returning to China. As we are feeling the squeeze on funding for basic scien-
tific research in this country, the Chinese are experiencing an enormous expan-
sion. 

Many people say that was all a mistake; however, I disagree very strongly. 
I truly believe in it and think it is important—I think we must engage with the 
world by establishing an atmosphere of transparency. We need to know what’s 
going on in other countries. We need to work with them. In fact, I believe it is 
useful to think of it in terms of brain circulation rather than brain drain, resulting 
in a mutual benefit. 

So I believe that this program was worthwhile and that it should continue. In 
my present job at AAAS, I’m concerned with science as applied to security issues. 
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I will be going to Beijing to meet with people who designed their nuclear weapons 
and who are still willing to talk to us about their nuclear strategy. One hopes that 
they tell us the truth. I think the only way we can really make sure that we don’t 
have some collision with China is to have as much transparency as possible. And 
if you are in Washington very long, you will find that there are people who think 
that China is the eventual enemy and that we have to be prepared now. But I dis-
agree and think we must invest time, energy, and commitment in maintaining 
transparency and maintaining relationships to ensure that a major calamity does 
not occur. 

In 1972, Nixon also went to Moscow and had a summit meeting with 
Brezhnev right after the China visit. That was fascinating, too. It was at the 
height of the Vietnam War when we had just mined the harbors at Haiphong and 
the war had just been escalated. It was quite a suspenseful week and the admini-
stration did not know whether the Russians would cancel the summit. Fortu-
nately, they didn’t. 

At that summit meeting, seven scientific agreements were signed, one of 
which I had worked on in the government for a year. That agreement created the 
first joint committee on science and technology cooperation with the Russians. 
There was significant opposition to that agreement, but the opposition to the 
space cooperation agreement, which was signed at the same time in Moscow, 
was even greater. The space cooperation agreement called for the famous dock-
ing experiment, in which our spaceship and theirs actually docked. Many felt 
that we were going to give them the secrets of our complex docking processes, 
with difficult maneuvering and complicated software, among other issues. In 
spite of these concerns, the experiment took place, and today we actually depend 
on the Russian Soyuz and the Russian space capsule to get our astronauts up and 
down to the International Space Station because we have lost a couple of shut-
tles on the way. 

So it is remarkable how these things turn out. However, it was very con-
tentious at the time and it remains contentious. Because of the recent Russian 
actions in Georgia, there is great hesitancy about continuing to buy these Soyuz 
modules from the Russians. Yet we will have no launch capability to the Space 
Station after 2010, when we discontinue the shuttle. This is a huge concern that 
is currently before the Congress. It is not clear whether they will deal with it 
before this session ends. 

There are some other historical examples, which I won’t go through. 
However, my point is that these issues can be extremely important. 

So what are we going to do in our new center for science diplomacy at 
AAAS? We are going to actively try to solve this funding problem, which I 
mentioned before. The money cannot be given to a science agency because there 
it must be expended based purely on peer review. This is a huge problem for 
NSF; the NIH has a better international profile because disease is everywhere, 
and if they receive a competitive proposal from India, for example, they can 
fund it. However, this particular type of NIH grant is not for the purpose of co-
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operation, it is purely for doing research on a specific problem. If there is coop-
eration, that is just a collateral benefit.  

Money could be given to the State Department. However, the funding 
process among committees on the Hill is such that it is very difficult to find one 
that will give research money to the Department of State. It happened once, 
when the Berlin Wall came down and the Soviet Union collapsed. In that situa-
tion, there was money for recovery in the Eastern European countries and for 
employing former weapons scientists in the former Soviet Union. The Eastern 
European programs and the money are gone. Some of the so-called cooperative 
threat reduction programs that were meant to keep weapons scientists from go-
ing elsewhere (i.e., selling themselves and their knowledge to bad countries) and 
keep them working on peaceful issues in Russia and in other former Soviet Un-
ion countries still go on today. But money for those programs is slowly going 
away, and we need to find other sources for our science diplomacy.  

We are now working with some people on Capitol Hill who support this 
idea. People like Nina Fedoroff are making speeches about this subject. One 
possibility is that money could go through USAID. There was an attempt back 
in the Carter administration to do a similar thing. It passed through three of the 
four legislative hoops in the Congress, but in the end it failed. We consider this 
our big challenge and are committed to working on it. 

What countries are of particular interest to us? Consider North Korea. Ac-
tually, after five or six years, the [George W.] Bush administration changed US 
policy toward North Korea, which had emerged from the Clinton administration 
on a very constructive and positive trajectory. Under the Bush administration, 
this completely stopped and we switched to a regime-change program. Nothing 
happened for six years and the North Koreans built a bomb. Now we’ve started 
diplomacy again. 

We have been trying to do some science cooperation with North Korea. 
We have made two proposals to them but they were both turned down. They 
maintain that they don’t want us to visit and talk to their scientists. They only 
want to know how much money the US has for the program and what equipment 
we will give them. This premise is not a great basis for cooperation, but that has 
been their position so far. 

Iran has been different. President Ahmadinejad is at the UN today. We 
must listen and hear what he says. This Academy started a relationship with Iran 
eight years ago run by a fellow named Glenn Schweitzer, a remarkable person in 
his own right. Glenn has maintained those contacts and I have been involved 
with them for the past four years. 

This has been a remarkable process. Some of the text that I am paraphras-
ing today comes from a seminar in November 2007 in Tehran, the title of which 
was “Science: A Gateway to Understanding.” It was proposed by an Iranian 
professor. The former president, Khatami, a reformist, participated in the meet-
ing, along with a very important mullah. In a follow-up dinner, the vice presi-
dent for research appointed by Ahmadinejad proposed that we do a joint seminar 
on the subject of “the misuse of science.” That seminar is scheduled to take 
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place in February 2010 in France. In planning the seminar we asked which sub-
jects are off-limits and were told that no subjects are off-limits, even weapons. 
We shall see what happens. 

It is well understood that this seminar will not be a substitute for negotia-
tions on the nuclear issues. In that area there has to date been no progress. How-
ever, our aim is to maintain relationships with a very intelligent and very West-
ern-oriented, but diminishing, science community in that country. They are 
influential people, and we believe that through those contacts, we may have 
some mediating impact on the relationships between the US and Iran. We shall 
see what comes from it. 

Then there is the whole area of the Muslim world, which I will not expand 
on at the moment. However, I really think that such science diplomacy programs 
can be enormously powerful “soft power” instruments of a constructive foreign 
policy. I am dedicated to trying to get some significant funds into these kinds of 
activities before I give it all up and retire for the third and last time.  
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Building Momentum:  
Lessons Learned from the  

2003 ILAR International Conference 
 

Hilton Klein 

 
As a past chair of the ILAR International Committee, I thank you for the 

opportunity to speak on today’s topic, about building momentum and taking the 
opportunity to highlight lessons learned since the 2003 ILAR International 
Workshop on Science-Based Guidelines. 

As responsible investigators using animals in research, you all realize the 
importance of the Guide for the Care and Use of Laboratory Animals and what 
it has done for us in the biomedical research community. It has been a signifi-
cant document of very high impact since it came out in 1996. I doubt that the 
people on the committee foresaw that this would be a truly international docu-
ment, but it has emerged as a global document that is used in many countries. It 
has been translated into at least 12 languages now and serves as the standard for 
biomedical research where animals are used in laboratories. So its longevity and 
its global utility have been very impressive.  

I want to try to emphasize how dynamic and flexible a document it has 
been. If you look at the period from 1996 through 2008, you will see that the 
Guide has been very diverse in its applications. It has been used not only in 
many countries but also in many different types of research programs. It has 
been able to cover the complexities of biomedical research laboratories and the 
use of numerous animal species. It has served its purposes very, very well and 
been a very significant, dynamic, and diverse document. 

It would be useful to review why we had the first workshop and provide a 
historical perspective. As the previous speaker mentioned, the need for more 
science behind our standards has been in progression over time, evolving to the 
point where we are today. In 2000 and 2001 when I was on the ILAR Council, 
there were preliminary discussions about whether or not there was a need for 
revising or changing the Guide in some fashion and whether doing anything was 
wise. The drafts of the European standards for animal care from the Council of 
Europe (COE) expert groups were newly released. A major concern was how 
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much influence the Council of Europe guidelines, Appendix A of ETS 123, 
would have on the global research community and how that document would 
drive the need for revisions to the Guide. The ILAR International Committee 
concluded that this was an important juncture where new COE guidelines and 
the need to revise the Guide now presented an opportunity where we should 
examine some of these issues. 

At the same time, many pharmaceutical companies, some academics, and 
certainly government agencies were performing research in international labora-
tories and doing animal research on a global scale. I want to emphasize in a 
positive way that when we were doing studies in different laboratories in differ-
ent countries with varying standards, the interpretation and the integrity of those 
studies came into question. Science appeared to offer the unifying solution. 

So these two issues—the European activities and what potentially was oc-
curring in the United States and certainly in the global community—were driv-
ers for examining the need to harmonize some of the standards and guidelines. 
There was some uncertainty about how to do this. The Council felt that it would 
be rational to convene a meeting and confer on what seemed to be a common 
lineage among all parties: science-based standards, which joined animal care 
and use with the research community. In other words, we were talking about 
science-based guidelines and a conference to bring together and harmonize di-
rections among the different parties. 

We prepared a conference agenda that would explore and benchmark best 
practices not only on the regulatory side but also on the scientific side, covering 
the issues that drove a common understanding and some common guidelines for 
animal care and use. The conference was convened with a group of people from 
at least 13 different countries; they were scientific experts, veterinary medical 
experts, and people from the political administrations. The proceedings of the 
meeting, The Development of Science-Based Guidelines for Laboratory Animal 
Care and Use, was the final product published in 2003; it presents many of the 
scientific and regulatory issues discussed during the conference. 

The goal of the workshop was to look specifically at the conditions of 
laboratory animal care and the science behind it, and more importantly to look at 
the gaps in our understanding based on what appears in the scientific literature 
and encourage future research to close those gaps, so that we would have a good 
science-based understanding of what we were doing for the animals while also 
trying to help the research community conduct its research in a thoughtful and 
meaningful way. I will address some of the outcomes of the conference.  

After several days of discussion we were able to come to some concrete 
conclusions. One was that more scientific studies were needed to foster a better 
understanding of the best conditions for animals in the laboratory and to make 
sure that the research was conducted in the best possible manner. There were 
major gaps in our knowledge and the science behind animal care. We also came 
to a clear understanding—especially with representation from 13 different coun-
tries—that this was not only an American problem but an international problem. 
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There was variation in the interpretation, but this was a clear-cut conclusion. [It 
was also clear] that these gaps covered all species and all laboratories. 

Another realization that emerged from the meeting was that harmonization 
and working together were the best ways to share information, resources, and 
knowledge in order to elevate and unify and achieve cohesion for animal care 
and use programs on a global basis. It was also evident that harmonization 
needed to be better defined, because there was a great deal of discussion on what 
harmonization was and what it meant, and more importantly how to accomplish 
it. Moreover, based on many of the sidebar discussions, it was obvious that a lot 
more discussion and benchmarking were needed to define the problem. We had 
over 120 people at the conference and about 150 different opinions on how to do 
it. It was clear that we needed to address this with all the interested parties. 

The next step, to maintain momentum, was to have a focus group and seek 
the opinions of an international group in a more global setting. [This group met] 
in Berlin in 2005, as a satellite meeting to the 5th World Congress on Alterna-
tives and Animals in the Life Sciences. Our first task was to look at the 2003 
recommendations and outcomes and ensure that they were still valid, to seek 
suggestions for future research initiatives, [to consider] where we might do such 
research, and to identify potential funding sources to try to close gaps in our 
scientific knowledge. Last, the group aimed to set priorities for the research top-
ics to be studied. 

One of the outcomes of the Berlin workshop was that we had more har-
mony and certainly agreement that more scientific studies were needed and that 
we needed to make sure they addressed key species (I will return to that in a 
moment). For example, the topics included cage size and determining how im-
portant that is and what, if any, scientific evidence existed that could be used as 
a driver for determining optimal cage sizes. Environmental enrichment was also 
identified as a very significant issue requiring more study. Particulars of housing 
conditions in the laboratory emerged as key points of study—e.g., lighting, tem-
perature, humidity, number of air changes, sanitation, and the like. These were 
the topics identified as very important by the participants in the Berlin confer-
ence. 

The priority topics were pain, enrichment, housing, and experimental pro-
cedures. There also was recognition that training people to do the work, the de-
sign and construction of facilities, and facilities operations were critical topics. 
The group also posed the question of how to condition and acclimate the ani-
mals to get them “research-ready.” These topics all became the top priorities for 
the next series of workshops and discussions for the future. 

In 2006 the ILAR International Committee concluded that there should be 
another focus group to initiate discussion of the housing of animals in research 
laboratories and to look at scientific evidence in support of housing require-
ments. A decision was made to focus only on the major species that constituted 
about 90% of the animals used in the laboratories and to examine this informa-
tion on an international basis. Thus the decision was to focus on monkeys, dogs, 
and rodents. At this meeting, held in conjunction with the AALAS meeting in 
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Salt Lake City, there was representation from different countries, including 
emerging-market countries like China and India. Many professional organiza-
tions were also represented on an international basis. 

For nonhuman primates, the first point was that cage sizes vary and are 
important to consider from the perspective of what is needed for the well-being 
of the monkeys as well as for optimizing scientific outcomes. Almost everyone 
in that focus group supported group housing. They also recognized the need for 
environmental enrichment of these animals in a research setting and outlined 
evidence to support this need. However, while everyone agreed on the impor-
tance of environmental enrichment, it was difficult for the group to reach con-
sensus on exactly how that was defined. Even so, they all recognized that it had 
or could have a significant impact on experiments and could create scientific 
variability if it wasn’t done correctly. 

With regard to dogs, the group concluded that cage size guidelines varied 
greatly and needed focus. Most supported group housing. Environmental en-
richment was thoroughly discussed, but there was not consensus about exactly 
how to do it. There was no clear-cut consensus on the value of exercise for dogs, 
but there was in-depth discussion and very vigorous and healthy debate. 

The same could be said for the discussions of rodents. It was clear that ro-
dent housing varied greatly. Most favored group housing. It was felt that there 
was a need for more conclusive data and more scientific evidence, especially for 
the selection of the best bedding types, and whether or not there were benefits or 
risks associated with wire flooring. As with dogs and monkeys, the group recog-
nized that experimental variations could arise from the wrong type of enrich-
ment. 

Other presentations from the international side involved the following in-
dividuals: Gilles Demers reviewed harmonization from the ICLAS perspective, 
David Anderson presented updates of Council of Europe initiatives and revi-
sions, Margaret Rose presented Australian initiatives and how this system 
worked, and Judy MacArthur Clark gave perspectives on the impact of the 
Council of Europe and the EU regulations on the international community. 

Since then, in 2006 and 2007, the private sector has been working on glob-
alization issues, evaluating the need for science-based guidelines for animal care 
and use. CHA (Cambridge Health Associates), a commercial organization in 
Boston, MA, funded fact-finding trips and the preparation of two detailed re-
ports examining future trends in animal research in China and in India. These 
reports are available from CHA (www.chacorporate.com). Of the two, I believe 
the second, a very objective and fact-driven report, was an important milestone; 
it predicted very accurately more studies and research spending in those coun-
tries. The data from the emerging-market countries must be as robust and have 
the same fidelity as what we now enjoy in order to make important decisions on 
medicines and vaccines from the private sector. In other words, their drug-
discovery and drug-development data must have the same level of integrity and 
be well documented and proven through audit and regulatory agencies, espe-
cially since the private sector is highly regulated. 
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Movement of research activities to emerging-market countries places a 
clear emphasis on needs in the following areas: 
 

 more training and expertise;  
 high-quality animal facilities (the need for a well-controlled animal en-

vironment became very important as a result of the findings in this report); and 
 consistent, high-quality animal diets, animal quality, colony health, and 

fundamentals such as high-quality water for use in animal studies. 
 
Some laboratories were described in the report as superb, but there were also 
laboratories that required improvement in the above areas. It was also clear from 
the report findings that there is a growing number of laboratories that could meet 
GLP and AAALAC standards for conducting animal studies. That is cause for 
optimism. 

Among other findings were [a projected] expansion in the number of labo-
ratories doing animal research in these countries. Trend data indicate this is ac-
curate. In several cases pharmaceutical companies are now building animal fa-
cilities to conduct research in the countries reviewed in this report. 

Also underscored was the fact that several academic institutions either had 
or were developing cooperative agreements to conduct research in countries 
such as China, Indonesia, and India. 

Thus this is a very rapidly changing landscape and a trend for the future. 
The question is, How fast will the move be realized? 

Turning to other views in the context of global animal research and future 
trends: The NCRR Strategic Plan emphasizes these issues and the need for in-
creased capacity in basic research, translational animal research, and clinical 
research. There will be an emphasis on minority institutions. The need for in-
creased capacity is clearly stated in the NIH NCRR report (available at 
www.ncrr.nih.gov). 

It emphasizes also that there is a need for improving comparative medi-
cine expertise as part of this infrastructure. It supports the development of more 
resources to safeguard animal health and welfare, emphasizing the need for bet-
ter training of people and staff in these institutions, as well as supporting and 
sustaining the nonhuman primate centers. All are consistent themes globally. 

The report did make another important point: “This plan transcends geo-
graphic boundaries and research disciplines.” That was very significant in the 
context of this conference. It demonstrates that the private and the public sectors 
are well aligned in strategy. 

The other point of the strategic plan was emphasis on the use of informat-
ics and the sharing of information. This appears to be a wonderful opportunity 
for more training enabled by information and technology transfer. 

A final critical point is that this strategic plan emphasizes a need to maxi-
mize partnerships and to get the most out of research investments by creating 
partnerships between the public and private sectors. Since so much of the private 
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sector is now looking toward internationalizing its animal research, I am hopeful 
that this partnering will either directly or indirectly benefit from NIH and NCRR 
spending. 

We have described the historical perspectives and the drivers for science-
based guidelines, the trends, and momentum gained so far. But I hope that, as 
we go through the conference today, it becomes even clearer that ILAR and the 
National Academies are uniquely positioned to help enable the development of a 
global infrastructure for animal-based research that is of the highest scientific 
quality and in which we use science-based guidelines. Science is the common 
language and currency that transcends country borders. Using high-quality sci-
ence we can work more cooperatively and achieve better global standards of 
care. 

We must ensure that ILAR is viewed as a facilitator, in cooperation, cer-
tainly, with other international organizations, such as AAALAC, IACLAM, 
ICLAS, FELASA, ACLAM, and ECLAM. In fact ILAR is well aligned and 
harmonized with these and other international organizations. Through such part-
nering based on science-based guidelines, we can amplify our research budgets 
and be more effective in the way we spend those monies to get more out of the 
data from studies using animals. 

In summary, among the many lessons learned since we started the dia-
logue on science-based guidelines—on how to share the best regulatory prac-
tices and create the best guidelines and oversee the animal facility and the scien-
tific research—is that the biomedical research community can work together 
very well and that we all seek the common goal of improving animal care and 
use and welfare in the scientific laboratory. That may have been obvious to a 
few, but I think it is becoming increasingly obvious to many.  

The other lessons: There still remains considerable debate on how to ac-
complish this. We have close agreement on what we want to accomplish, be-
cause of conferences like this one; however, we must illuminate how to more 
effectively use the existing scientific literature and identify scientific research 
we should develop and fund for the future to help guide improvements in animal 
welfare and fill the scientific gaps in our knowledge. 

Clearly, there is a need to conduct more research on specific areas of ani-
mal care and use. There is also some urgency and important critical timing in the 
issues to be discussed. We are challenged to look forward to a more unified and 
cohesive harmonized set of animal care and use guidelines globally as a matter 
of routine. We are not there yet. 

[But] the opportunities, I think, are now clearer. We are a global economy. 
As countries like China, Indonesia, India, Korea, and Singapore further develop 
their biomedical research systems to meet medical needs—at about a 10–15% 
annual growth rate—the increase in biomedical research will also drive the in-
crease in the use of animals in research. We must provide optimal care. Pharma-
ceutical companies, academia, and the government are increasing the use of 
animal resource systems in these countries. The infrastructure across all coun-
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tries should be brought to higher standards as illustrated by the CHA report from 
2007. 

Infrastructure needs, which are essential and in need of better scientific 
drivers and information behind them, as we know from the Guide, are: sanitation 
systems, animal health and quality, animal facilities, feed, bedding, water, and, 
most importantly, training of both technical and scientific/veterinary medical 
personnel for optimal animal care and use. 

I urge you over the next several days of the meeting to give thought to so-
lutions to these questions and problems. The NCRR Strategic Plan has estab-
lished a framework for partnering between the public and private sectors to 
share resources and information globally. Their plan gets at the how part of the 
question we raised. There is the question of where and what we should do to 
improve our scientific knowledge of laboratory animal science and animal wel-
fare, and science and medical research, using what we have in the current litera-
ture and doing critical literature reviews and applying them to setting scientifi-
cally based standards, and seeking ways to fund new research to benefit the 
animals in the way we conduct science. 

In closing, I thank the ILAR International Committee for creating this ini-
tiative for science-based animal care standards, and Dr. Joanne Zurlo and her 
staff for making this possible. I also thank the [Workshop Steering] Committee 
for asking me to speak today.  
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PERSPECTIVES FROM  
INTERNATIONAL ORGANIZATIONS 

 
 

International Council for Laboratory  
Animal Science (ICLAS) 

 
Cecilia Carbone 

 
ICLAS is an international nongovernmental and nonprofit scientific or-

ganization that exists mainly to provide good principles to achieve good science 
and to promote high standards in the care of animals used in research, testing, 
diagnosis, and education. According to its mission, ICLAS strives to serve as a 
premier source of laboratory animal science guidelines and standards and as a 
laboratory animal welfare information center. 

ICLAS has a strategic plan according to which it promotes worldwide har-
monization in the care and use of laboratory animals. ICLAS recognized five or 
six years ago that the harmonization of existing guidelines for the use of animals 
in research, testing, teaching, and education is an emerging issue in the context 
of the regularization of research. Since ICLAS can act as an international um-
brella organization, it has worked in these matters since 2004, when it began 
organizing meetings on harmonization of guidelines. We are going to have the 
next meeting in conjunction with the American Association for Laboratory 
Animal Science (AALAS) meeting in November. 

The main goal that ICLAS hopes to achieve with this program is the im-
plementation of a dialogue on harmonization of a number of published guide-
lines on emerging issues, with consensus and recognition of these documents at 
the international level. ICLAS hopes that the largest impact of this project will 
occur in developing countries or regions that do not currently have laws or self-
regulation and surveillance for the use of animals in research. 

It is hoped that this project will (1) ensure the implementation of good ani-
mal practices in all parts of the world and stimulate collaboration in animal-
based research—for instance, in data sharing and information exchange among 
investigators; (2) facilitate collaboration among scientists in implementing the 
3Rs (reduction, replacement, and refinement in the use of animals); and (3) help 
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facilitate the movement of scientists around the world—for instance, to partici-
pate in meetings or collaborate in multidisciplinary and international working 
groups. 

I want to clarify that for ICLAS, harmonization of guidelines does not 
mean standardization. This is an important point of this program. ICLAS sup-
ports harmonization of animal care and use policies, guidelines, and other forms 
of regulations on a worldwide basis as a reflection of the globalization of re-
search. It does not mean standardization. ICLAS considers that each country 
should be able to maintain an animal welfare oversight system that reflects its 
own culture, tradition, religion, laws, and regulations. One of the big challenges 
that will face this program is whether the various countries and regions will in-
corporate this kind of document into their regulations while maintaining respect 
for their own laws, culture, and religion. 

Let me conclude this presentation by saying that the objective in which the 
ICLAS harmonization program would like to succeed is the international har-
monization of existing guidelines for the use of animals in research, teaching, 
and testing. This will be essential in the globalization of research all over the 
world. In addition, communication and partnership among national, regional, 
and international organizations will ensure the global harmonization of the use 
of animals. 

It must be understood that national guidelines will always supersede inter-
national guidelines. However, it is also important that each country recognize 
and implement international core principles for the care and use of laboratory 
animals. 
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World Organization for Animal Health (OIE) 
 

David Bayvel 

 
My objective in the short time available is to raise the profile of the OIE, 

for those people not too familiar with the organization, and to give some indica-
tion of the role that the OIE might play in this public policy area in the years 
ahead. 

OIE, Office International des Epizooties, has rebranded itself as the World 
Organization for Animal Health, the animal or veterinary equivalent of the 
World Health Organization. It is headed in Paris by Director General Dr. Ber-
nard Vallat. A number of you might be aware that he was the recipient of the 
inaugural Penn Vet Award in 2007 as the veterinarian who had made the most 
significant contribution globally to veterinary science. 

Here is some background to the OIE: It was established in 1924 to deal 
with international issues relating to epidemic disease—rinderpest, bovine pleu-
ropneumonia, and others. In the 80-plus years since, it has established itself as 
an intergovernmental organization playing a vital international harmonization 
role and with a commitment to science-based standards. 

In 1995, with the establishment of the World Trade Organization (WTO), 
the profile of the OIE increased dramatically. It is the body that the WTO looks 
to for any disputes relating to SPS (sanitary or phytosanitary) agreements. 

In addition to a central bureau in Paris, with approximately 40 members of 
staff, which is truly international in its makeup, the organization has a regional 
infrastructure, with something like 20 offices distributed throughout the OIE’s 
five regions around the world. 

Moving a little bit closer to the relationship in the laboratory animal sci-
ence area, for the last two or three years the OIE has been working closely with 
the International Council for Laboratory Animal Science (ICLAS) and the Inter-
national Association of Colleges of Laboratory Animal Medicine (IACLAM) in 
terms of a potential role that it could play globally in relation to laboratory ani-
mal science and welfare. 

There has been quite a bit of discussion: Where could the OIE add value? 
What unique role could the OIE play, rather than just duplicating the myriad of 
current activity? 
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There is an organization called VICH—whose full title is International 
Cooperation on Harmonization of Technical Requirements for Registration of 
Veterinary Medicinal Products—that was established 10 years ago with a spe-
cific mission to harmonize the regulatory requirements for veterinary biologicals 
and veterinary pharmaceuticals around the world. VICH was formed under the 
auspices of the OIE with a mandate to harmonize standards. That obviously re-
lates to the current regulatory requirements in most countries for animal tests, 
many of which go back 60 or 70 years and, in some cases, have questionable 
scientific relevance. But conservative regulators are somewhat reluctant to move 
from tests that they know to, perhaps, scientifically validated tests that haven’t 
yet become mainstream. So it seemed that the OIE could play a significant role 
in this area, as it is 172 members strong and represents governments, thus OIE 
delegates have a clear mandate to implement any OIE agreements. 

For those of you who are familiar with this area, there is a comparable or-
ganization, the International Council on Harmonization (ICH), which takes care 
of biologicals and pharmaceuticals in the human area—obviously, a lot of ani-
mal testing is equally involved in that area. 

I would like to highlight three further points to give you some flavor of 
OIE interests, emphasis, and potential future involvement. 

The OIE works by having a permanent Animal Welfare Working Group, 
which I have chaired since 2002. It establishes ad hoc groups to address specific 
issues. The ad hoc Group on Laboratory Animal Welfare met for the first time in 
Paris last December; a number of people in this room are members of that 
group. Again, it is truly international in its membership. It has commenced draft-
ing some material that eventually will be approved and issued and promulgated 
as OIE guidelines. 

Since the OIE is a veterinary body, there will be a strong veterinary em-
phasis in terms of veterinary training, reflecting some of the input received from 
groups like ICLAS and IACLAM. Laboratory animal transport is an area where 
again the OIE could probably add value. As I have mentioned already, facilitat-
ing a more rapid acceptance of scientifically validated nonanimal tests, where 
that is possible, will probably be an area of future unique emphasis of the OIE. 
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Adequate Veterinary Care and the  
International Association of Colleges of  

Laboratory Animal Medicine (IACLAM) 
 

Judy MacArthur Clark 

 
I am going to present the challenge of providing adequate veterinary care 

to laboratory animals from the perspective of the International Association of 
Colleges of Laboratory Animal Medicine (IACLAM). 

IACLAM was established in 2005 and comprises the four key global col-
leges of laboratory animal medicine: the American college (ACLAM), which is 
the oldest; the Japanese (JCLAM) and the European (ECLAM) colleges, both of 
which were established within the last 12 years; and the Korean College of 
Laboratory Animal Medicine (KCLAM), which is our newest member college. 

Full membership in IACLAM is restricted to established colleges with by-
laws and a constitution, an elected council, approved training programs, creden-
tialing processes for candidates, and a number of other elements that make up a 
competent and fully fledged college. We also are considering a class of mem-
bership, probably called associate membership, for emerging colleges. This lat-
ter point touches on some of our concerns for the future in terms of training and 
provision of competent veterinarians in this field. 

It is worth remembering that laboratory animal medicine has been an in-
ternational field for many years. IACLAM has essentially formalized relation-
ships that have existed for a long time in one way or another. 

IACLAM’s charter is to provide a common platform at a global level for 
communication by, for, and with representation of diplomates. Thus it is primar-
ily a communication and representative role. That is manifested in the way in 
which we promote the welfare and responsible use of laboratory animals 
through the certification of veterinary specialists in the colleges—that’s diplo-
macy of colleges—education of veterinarians, dissemination of information 
relevant to the field, and serving as research partners. Those are the four ele-
ments of IACLAM’s purpose, its charter and mission. 
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Having given you an introduction to IACLAM, I would like to focus on 
the major challenge for veterinarians in our field. In the time available, it is im-
portant we really get an understanding of that challenge. 

The first point is that we believe veterinarians are key to effective control 
of laboratory animal well-being. That is not to say that it is entirely managed by 
veterinarians, but the competence of veterinarians in this whole scenario of en-
suring laboratory animal well-being is essential. Elements of that control include 
disease control, refinement of procedures, training of staff, creating a culture of 
care—all important responsibilities of laboratory animal veterinarians, who have 
a very significant role to play. 

But the effectiveness of that role depends on both the competence and the 
status of the veterinarians who are operating in the field. Competence derives 
not only from specialist training but also from the quality of basic veterinary 
training. Status derives from demonstrating such competence as well as the re-
spect in which the profession is held. I refer here to the respect for veterinary 
professionalism, and therefore the respect that would be accorded to the views 
of a competent veterinarian in a research organization. 

Underlying all of this, and one of the key issues for veterinarians and sci-
entists, is understanding that promoting good welfare is an important part of 
delivering good science. Therefore good welfare leads to good science. We have 
all been through the debates about the interrelationship between science and 
welfare. Should we apply good standards of welfare for their own sake? Of 
course, there is an ethical impetus for that. But the argument that most effec-
tively carries weight with our research colleagues is that good welfare improves 
the quality of their science. 

But let’s return to the subject of veterinary competence and the status of 
veterinarians, both of which vary significantly across the world. This is a major 
challenge for veterinarians, we believe. It has a direct impact on the effective-
ness of any regulatory system that involves veterinary input. It is something that 
urgently needs to be addressed. 

We support the development of global standards for adequate veterinary 
care, harmonization of welfare standards, and so on. But without veterinary 
training—at both a basic and a specialist level—to meet those standards, bene-
fits will not be realized. Therein lie both a threat and an opportunity. We know 
that in some countries the veterinary qualification follows a two-year technical 
training, as opposed to a much longer-term, more complete professional educa-
tion in other countries. Until we can start to raise the standards of that basic vet-
erinary education and then grasp those well-educated veterinarians and add the 
specific specialist training that can develop their competency as laboratory ani-
mal veterinarians, there will continue to be challenges. 

The threat, therefore, is continuation of the status quo. The opportunity is 
to have an impact on that, which requires a twofold approach. 

First, we have to improve basic veterinary training globally. It has to be-
come a professional education rather than a technical training, right across the 
world in order for this impact to be effective. 
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Second, we need to develop new colleges for specialist veterinary training 
in laboratory animal medicine. This is not to say that all veterinarians working in 
laboratory animal medicine will need to be diplomates of colleges. But colleges 
will raise standards globally and they will encourage the improvement in com-
petence of all veterinarians in this field—for example, in Asia, where there are 
already discussions for further colleges of laboratory animal medicine, or in 
South America, where, again, discussions for colleges are under way. We also 
need to see ECLAM, the European college, having a greater impact in Eastern 
Europe. Thus we will embrace essentially all of the countries where we cur-
rently see emerging science taking place. 

So that’s the challenge that IACLAM currently sees and that this con-
ference, I hope, will be able to help us to take forward. 
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Association for Assessment and Accreditation of 
Laboratory Animal Care (AAALAC) International 

 
Kathryn Bayne 

 
The Association for Assessment and Accreditation of Laboratory Animal 

Care (AAALAC) International, like every organization, has challenges and op-
portunities facing it. One that we are acutely aware of is the necessity to ensure 
both consistency and flexibility—which one might think are diametrically op-
posed concepts—in the AAALAC International assessments and in the applica-
tion of our standards globally. It is a delicate balancing act. The AAALAC 
Council on Accreditation and ad hoc consultants who conduct site visits must 
ensure that the institutions they assess adhere to a high-quality standard of ani-
mal care and use that is applied consistently worldwide. Because we use the 
NRC Guide for the Care and Use of Laboratory Animals (the Guide) in our as-
sessments1 we strive to ensure that it is applied in a meaningful manner by the 
institution, with the understanding that each institution is unique, and thus pro-
fessional judgment is necessary in the application of performance standards per 
Guide recommendations. Other challenges we face are differences in culture, 
regulatory framework, and available resources where we travel.  

I want to take a moment to reflect on two surveys that AAALAC2 has con-
ducted of its accredited institutions, what we call “accredited units.” The first 
customer satisfaction survey was conducted in 1998 and was the first survey of 
the accredited units that AAALAC had conducted in its history. There were 600 
responses, a 71.5% response rate. Two key areas were identified in those re-
sponses: the need for flexibility in applying the standards to unique or cutting-
edge programs, and the need for consistency in the way the standards are applied 

                                                 
1In February 2011 AAALAC announced that in the fall of 2011 it would begin using, 

in addition to the NRC Guide, the following two documents in its evaluations: the Guide 
for the Care and Use of Agricultural Animals in Research and Teaching (Ag Guide), 
FASS 2010; and the European Convention for the Protection of Vertebrate Animals Used 
for Experimental and Other Scientific Purposes, Council of Europe (ETS 123); accessed 
March 8, 2011.  

2AAALAC refers to AAALAC International.  
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from site to site—in other words, from institution to institution, no matter what 
country—and for individual programs from site visit to site visit (AAALAC 
conducts site visits every three years). In that 1998 survey, concern was ex-
pressed that there may be relaxation of the standards and the goal to harmonize 
the many and varied regulatory standards across countries. Written comments 
expressed this concern, but it was in the context that respondents saw value and 
benefits in an international accrediting body. 

Eight years later, in 2006, AAALAC conducted a follow-on survey to see 
how our many initiatives developed and implemented in response to the 1998 
survey were going and how our internationally accredited institutions felt about 
those initiatives. There was more than a 75% response rate of our accredited 
institutions. About two-thirds of the respondents agreed or strongly agreed that 
AAALAC is flexible in applying its standards to meet the specific context of the 
institution and that it consistently applies relevant standards from site visit to site 
visit. About half agreed that AAALAC consistently applies relevant standards 
from institution to institution, the concern expressed being more how AAALAC 
conducts assessments across borders of countries rather than within a single 
country. 

Of note, however, is that approximately a third of the respondents think 
that AAALAC is not flexible enough, perhaps a third think that AAALAC is not 
consistent enough, and perhaps 50% of respondents have both of these concerns. 
This feedback creates an opportunity for AAALAC, specifically in the area of 
applying performance standards. With at least half of the new applications for 
accreditation coming from the international community, AAALAC has the op-
portunity to do great things to advance both science and animal welfare through 
the use of performance standards. 

Performance standards are the path to harmonizing laboratory animal care 
and use, through the support and visionary directives of our board of trustees, to 
reflect both science- and medicine-based organizations; our ad hoc consultants, 
who are over 200 in number and represent about 13 countries; and the 49 mem-
bers of our Council on Accreditation from 10 different countries. So, AAALAC 
has a tremendous amount of input from different perspectives as we strive to 
harmonize our approach for accreditation on a truly global basis. 
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International Air Transport Association (IATA) 
 

Carl Kole 

 
Much like the first speaker today, I don’t have a lot of connection with this 

part of your industry, other than getting your animals from point A to B. The 
International Air Transport Association is the trade group for over 200 airlines. 

I would like to address some issues confronting the animal research com-
munity—for example, high fuel costs, over which we have absolutely no control 
except through hedging; Transportation Act access; and a few other issues. It’s 
interesting to note that we are talking about globalization and how things shrink. 
The aviation business has had a lot to do with that. However, we are seeing less 
and less animal transport. There are a couple of reasons for that. 

When one looks at the data for the top 15 airlines from 2007, based on 
revenue (passenger kilometers), it is clear that cargo plays a very small role in 
the transportation system. The traveling passenger to some extent subsidizes the 
cargo business for the airlines. Recognizing that the part of the cargo that re-
flects transportation of laboratory animals probably is .0001 percent it is clear 
that this does not represent high revenue for the airline business, and it is terribly 
intensive in terms of handling if it is done right. Consequently, the airlines are 
not in the business of shipping a lot of animals. This is further compounded by 
the fact that when we mishandle animals, we have a regulatory system that fines 
us. So therefore it becomes a situation of spending $5 to make $1. 

The greatest fear is that eventually there will be no opportunity, at least in-
ternationally, to transport animals for biomedical research. These are a few of 
the limitations that shippers are faced with today: shippers’ expectations and 
carriers’ limitations are not always conveyed or understood by each party; air-
craft systems, ground facilities, weather, traffic, equipment, and staffing affect 
the carrier’s ability to provide an adequate shipping environment; strict adher-
ence to a narrow temperature range is not possible without adequate active or 
passive packaging systems; and, with increasing fuel costs, shipping animals is 
not a major revenue stream.  

So what is needed in the future? Given the current situation, the research 
community should start talking with the carriers about standard operating plans 
to ensure the proper handling of animal cargo and ultimately to create an ongo-
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ing dialogue with the aviation industry that currently does not exist. Most of 
those who have been involved in that part of the business have retired and there 
is no one to take their places. 

While this is not good news, it is a realistic view of what is happening in 
the transportation industry today. 
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Institute for Laboratory Animal Research (ILAR) 
 

Joanne Zurlo 

 
The Institute for Laboratory Animal Research and the National Academies 

have a role to play in international harmonization. The National Academies are 
nongovernmental organizations consisting of the National Academy of Sciences, 
the National Academy of Engineering, the Institute of Medicine, and the Na-
tional Research Council. The first three organizations are composed of members 
elected for their scientific and technological expertise and renown, and the Na-
tional Research Council is the part of the Academies that produces expert re-
ports on topics that the government requests. Dr. Neureiter talked about some 
Academy studies that have influenced international policy. The purposes of the 
Academies are to advance science and technology and to advise the government 
and the nation on policy for science and on applications of science to policy. 

ILAR, a component of the National Research Council, was established in 
1952 to develop and disseminate information and guidelines for the care and use 
of laboratory animals. Our mission is to: 
 

 evaluate and disseminate information on issues related to the scientific, 
technological, and ethical use of animals; and  

 promote high-quality science through the humane care and use of ani-
mals and the implementation of alternatives. 
 

The 3Rs—reduction, refinement, and replacement—are the principles that 
guide our work. ILAR meets its mission through the development of expert re-
ports, through the ILAR Journal, through our Web-based resources, and other 
means of communication. The key issue in the mission statement is that we pro-
vide advice to the international biomedical research community. 

The Guide for the Care and Use of Laboratory Animals (the Guide) is our 
seminal publication, used as a standard of compliance with US Public Health 
Service policy and for AAALAC accreditation. The Guide has been translated 
into 12 languages as an international resource and thus gives ILAR an interna-
tional profile. 
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As was mentioned earlier, ILAR planned the workshop in 2003 to look at 
the state of the science and to identify data gaps and look at the question of har-
monization. ILAR was in a unique position to hold that meeting because of our 
position in the National Academies. This was the first meeting of its kind and it 
initiated many of the harmonization efforts that you have heard about. 

Some of these issues have already been mentioned by other speakers—for 
example, the fact that we have to consider globalization, the fact that we have to 
generate more reliable and reproducible data among laboratories around the 
world, and the importance of aiding developing countries in drafting guidelines. 

The science that supports guidelines for animal care and use is inadequate. 
Until there is solid scientific evidence to support guidelines, it will be difficult to 
harmonize internationally. But in the interim, where there is no reliable scien-
tific evidence, animal care and use should be guided by best practice. However, 
there should be mechanisms to coordinate and share new scientific information. 

ILAR can offer the credibility, objectivity, and scientific reputation of the 
National Academies. ILAR has convened and will continue to convene meetings 
that offer a platform where representatives of international constituencies can 
gather and express their views. It can coordinate efforts to identify areas of re-
search needed to produce the best scientifically based guidelines for laboratory 
animal care and use. 
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The European Union 
 

Malachy Hargadon 

 
Good morning, ladies and gentlemen. For 20 years the European Union 

has had legislation in place governing the protection of animals used for experi-
mental and other scientific purposes. For those of you who are not familiar with 
the way the European Union works, all legislation is subject to regular review by 
the European Commission. I would have liked this morning to be able to present 
to you the Commission’s official proposal to update the legislation, but all I can 
say is that it is imminent. I will instead provide some indication of what can be 
expected.1 

As everyone knows, the world has changed since 1986. Advances in tech-
niques and knowledge have left the EU legislation outdated because it is some-
what removed from best practice. There has been some difficulty in implementa-
tion in the EU member states, as some have pursued significantly more stringent 
standards than others, and this has led to fragmentation of our internal market in 
the industry, has compromised harmonization across the European Union, and 
has also undermined compliance and respect for the law. 

At the same time, European public opinion—and not just from so-called 
animal rights activists—has moved strongly in support of ever-increasing stan-
dards of welfare for animals used for scientific purposes. In a sense, what the 
EU is now trying to do is to play catch-up with the 3Rs principles, which you 
will all know far better than I. Emblematic of this was the decision by the heads 
of state and government of the European Union to adopt a protocol to the EU 
Treaty—an action that might, I dare say, be comparable to modifying the Con-
stitution of the United States, so it is not an insignificant event—requiring that 
the EU and all its member states pay full regard to the welfare requirements of 
animals, particularly in relation to EU policy on the internal market and on re-
search. 

In line, therefore, with the 3Rs principles, our starting point is an ultimate 
goal of replacing the use of animals for scientific purposes. I trust that this goal 

                                                 
1The EU Action Plan on Animal Welfare 2006–2010 is available on the Internet 

(http://europa.eu).  



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

The European Union  39 

will not come as a shock. It is a reasonable goal for an advanced and civilized 
society. If we can achieve our scientific objectives by means other than animal 
research and experiment, then that is a good thing. 

But we are not there yet. The European Commission fully recognizes this 
and accepts the conclusions of reports that state that a complete phaseout of 
animal experimentation is not yet achievable. But that is not a reason to ignore 
the replacement, reduction, and refinement of animal use. 

We intend to present a proposal that offers significant improvement in ani-
mal welfare, such as more generous and binding minimum standards in housing 
and care requirements. We are considering extending the coverage of the legisla-
tion to some invertebrates as well as embryonic forms of vertebrates and animals 
killed for tissue and organ use in experiments. We also intend to restrict as far as 
possible the use of nonhuman primates and animals caught in the wild. 

At the same time, our intention is to strike a balance with the genuine 
needs of the research community and industry and to ensure a level playing field 
for all concerned. It is hoped that the legislation will reduce unnecessary and, of 
course, unpopular bureaucratic burden and boost innovation and development in 
alternative methods. 

Such support for innovation will be a boost for competitiveness, and we 
expect that one of the consequences will be better-quality science. We hope to 
reduce the burden, for example, by allowing group authorization of regulatory 
testing projects to reduce time and administration, and by setting a deadline of 
30 days, as a general rule, for competent authorities to provide authorization 
decisions. The current worst-case scenario in the European Union can lead to 
delays of up to a year in response to requests. 

As an example of flexible implementation in the way we move ahead, let 
me offer the following. While ethical evaluation and authorization would be 
compulsory, member states would be free to decide the most appropriate compe-
tent authority to carry out this task. That accommodates the existing structures in 
member states—some of which are more centralized (e.g., France), some of 
which are more decentralized (e.g., Germany)—to do that. 

[These are] brief indications, given the time allowed, of what you and I 
can expect to see in the proposal, which I would expect to be adopted by the 
Commission. After that, the European Parliament and the Council of Ministers 
will examine the proposal. I would guess formal entry into effect will be in 
about 2010.2 

For my closing comments, let me emphasize that the EU is pursuing har-
monization in this area. We have supported efforts in the Council of Europe 
(which is not to be confused with the European Union) to encourage greater 

                                                 
2In September 2010 the EU adopted Directive 2010/63/EU to update the 1986 Direc-

tive 86/609/EEC on the protection of animals used for scientific purposes. The aim of the 
new Directive is to strengthen legislation and improve the welfare of animals still needed 
for research as well as to firmly anchor in EU legislation the principle of the Three Rs—
to reduce, refine, and replace the use of animals in research. 
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harmonization among a record number of countries. The Commission’s proposal 
itself is a demonstration of harmonization among 27 member states, but with the 
crucial element of legal requirement rather than simply an exhortation to be bet-
ter. 

The Commission seeks to advance further harmonization—of course, 
based on the standards that we support—in the wider international community, 
and especially through the OIE. 

Let me conclude by saying that there should be no real surprises in the 
forthcoming proposal. Similar animal welfare measures are already in place in a 
number of countries, including the United States and Canada and Australia, 
whether in legislation or as established operating practices required by funding 
bodies. Other countries are also increasingly responding to public opinion in 
pursuit of animal welfare. The Commission’s proposal, therefore, will substan-
tially be about, as I said earlier, adopting best practice, but giving it the force of 
law. 
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GLOBAL ISSUES:  
WORKING ACROSS  

DIFFERENT STANDARDS 
 
 

Operational Challenges—Pharmaceutical Industry 
 

Margaret Landi 

 
My presentation is about possible solutions to different operational chal-

lenges that might exist in pharmaceutical industries, especially those that tend to 
work around the globe. I will cover four major topics: the challenges, the criti-
cisms, the charge, the consensus.  

The best way to start this topic is to make sure we are all working from the 
same dictionary, using the same definitions. As an example, the word “standard” 
is often used interchangeably with words like “principle” or “goal” or “objec-
tive.” A standard is something formally established as one moves forward in 
discussions on whatever aspect we are talking about; in this case we are talking 
about animal care and welfare in the pharmaceutical industry. 

Sometimes we use the word “principles.” A principle is really a code of 
conduct. According to what principles are we going to perform studies in ani-
mals in multinational pharmaceutical companies? 

The last word we often hear is “guidance.” Whether it’s the Guide for the 
Care and Use of Laboratory Animals, guidance, as you might suspect, deals 
with influencing, trying to influence a certain way, trying to achieve a particular 
outcome. 

I will give you a perspective from my responsibility at GlaxoSmithKline 
(GSK), which spreads between the US and the UK and continental Europe. I 
also have fairly strong ties with our new R&D center in China, which, in turn, 
has ties with a site in Singapore where we are doing some animal research. We 
run the gamut from transgenic mice and transgenic rats to large nonhuman pri-
mates, macaque species. 

What are the challenges when we address global guidance, how will we 
move forward? As you have probably heard or surmised already: 
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 There is a lack of consensus on what best practice is across various cul-
tures. 

 The regulations differ across countries. 
 The regulations change. 
 There are differences in cultural thinking. 

 
For the last point, I would like to describe the main influences that drive 

differences in European versus American culture when it comes to animal re-
search. In Europe, as opposed to the US, many things are uniform, because 
things are the equivalent of federally driven, whether it’s a speed limit that goes 
across the country, whether it’s VAT or sales tax across the country. In the US, 
every state is different. [For example,] the sales tax will be different—we all 
know the states that don’t have sales tax, and if you live near them you tend to 
visit them so you can get a break of 6 to 7 percent on whatever you are buying. 
There is a lot of diversity in the US as far as the way we expect things to hap-
pen. I’m originally from New Jersey; I travel back there a lot for family. I can 
use a cell phone in the state of Pennsylvania, and the minute I cross the New 
Jersey state border I put it away because I’m not allowed to use it unless I have a 
hands-free model. This is an example of differences. 

Our way of living sometimes translates into the way we think about 
things. Generally speaking, in Europe, many things are consensus-driven—
people say “let’s have a discussion.” Right now, there is the European Directive, 
driving similar practices in all EU countries. The US, for better or for worse, 
tends to work on threshold: We tolerate a lot, whether it’s national debt or hand-
guns—whatever it happens to be—until a certain threshold is met, and then 
things happen. The good news is, when a threshold is met, something usually 
happens quickly. The bad news is that it generally takes a while to hit a thresh-
old. The reverse would be in consensus: sometimes it takes a while to get to that 
outcome, but people are talking about a topic and thinking about it. 

To me, the important question is, Do the variations that exist really result 
in a big difference in the way we care for animals in different parts of the world? 
Is it possible to align principles, independent of differing standards, which are 
the more prescriptive way of looking at animals in research? 

Some of the differences, compared to academia: 
 

 Industry usually has a very large internal capacity, there are many 
things we can do internally. [For example,] we generally have the option to buy 
equipment if we feel it’s needed and we can defend the budget for doing so. 

 Industry tends to be a regulated environment. Even the earlier work has 
probably many more regulations than are normally seen in academia. 

 Industry has many different requirements because it spans different 
countries and includes different types of studies, from efficacy models in trans-
genic animals to highly regulated GLP studies in macaques. 

 Of course, timelines are extremely important. 
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What then is the criticism? I distilled it down to the concept that “what we 
think weighs more than what they think.” When we have conversations, when 
we have dialogues, we have already sort of made that internal critique. We need 
to move away from that preconceived notion before we can start to have the 
conversation. Otherwise, it will be hard to have consensus or even a conversa-
tion. 

Again, using GSK as an example, we work across two main cultures, the US 
culture and the UK (we also have sites in continental Europe, but that is a more 
modest operation). We have opened some discussions to see if we could come to 
consensus on guiding principles for the use of animals in research. We did this 
because we felt it would provide a safe structure for having conversations and 
would allow the diversity of thought and opinion to come through and have a sub-
stantive type of conversation, and try to get some alignment. 

Our desired outcome is to achieve alignment and articulate a set of foun-
dation principles with regard to the animals, for us within the institution and also 
for work done for our institution by CROs, academic institutions, or other 
places. We started with dogs and monkeys, some of the more highly emotive 
species. We also defined what the undesired outcome would be. If we couldn’t 
come to some sort of understanding, that wouldn’t mean that differences in prac-
tices or standards always equate to a difference in care. We wanted to avoid a 
perception of a dual standard—i.e., a practice done in one place means greater 
care, not doing it in another place means lesser care. Unfortunately, this is often 
the initial perception when working in different environments. 

Going back to the definitions, consensus, of course, means a general 
agreement and some sort of alignment or solidarity along a certain belief or sen-
timent. When we achieve a consensus, I think we can start to move the scales—
each side will continue to maintain its own thoughts, but we will get a little more 
alignment and a little more agreement to ask “What is our objective?” Our ob-
jective is the care and welfare of the animals; it’s not to say that one side’s opin-
ion is more important than the other. So let’s keep that in mind as we have the 
conversations. 

But the question always asked is, “Is it truly achievable?” Even in socie-
ties where there are many consensus-driven processes it is sometimes difficult to 
achieve consensus. So my charge has been, How do we handle this? 

At GSK, we have certain principles by which we work. We adhere to the 
3Rs and we meet all applicable rules and regulations regarding animals in re-
search. We have also established seven core principles of animal care and wel-
fare. These principles are used no matter where we are in the world—whether 
we do research in China, North Carolina, or Croatia. [This consistency] allows 
us to look at cultural differences in ways of working and accept that issues iden-
tified as important to all groups might be emphasized differently in each place. 
So the objective was to find some commonality. 
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Core Principles of Animal Care and Welfare 
 

 Access to species-appropriate food and water 
 Access to species-specific housing, including species-appropriate 

temperature and humidity levels 
 Access to humane care and a program of veterinary care 
 Ability to demonstrate species-specific behavior 
 Adherence to principles of replacement, reduction, and refinement 

in the design of in vivo studies 
 Commitment to minimizing pain and distress during in vivo studies 
 Study design reviewed by institutional ethical review panel 

 
 

There are those in some parts of my organization who say these core prin-
ciples are not strict enough and should be stricter. Others say we are stating the 
obvious, so why even bother? 

We bother because these core principles have allowed a dialogue across 
countries, sites, and cultures. As an example, we require an ethical review proc-
ess at each institution where animal work is done on behalf of GSK. There are 
many parts of the world where an ethical review process is not the norm. We are 
asking for that to be in place. The 3Rs are part of the discussion before animal 
research happens. Some principles are self-evident such as food and water and 
there needs to be some common sense applied to implementing them.  

Now that we have put together these principles we are audited to make 
sure we are complying with them by internal auditors who have little knowledge 
about animal research. They will ask us to prove how we meet the principles. So 
now we are working through the next level.  

Most pharmaceutical companies, like GSK, have something about animals 
in research on their websites. For pharmaceutical companies there are basically 
two options. One is to apply engineering standards, and apply the most stringent 
standards of all the countries no matter where we work. In the case of GSK, the 
UK has the most stringent standards. So if we are doing work in Croatia, Phila-
delphia, or China, we will use [the UK] standards. This approach allows some 
comfort because it is very easy to measure and understand. However, it does not 
necessarily affect animal welfare proportionately as some would think.  

The other option is to use performance standards, such as the standards 
upon which our core principles are based, and to use international standards 
such as AAALAC. For GSK, working in multiple countries, it was necessary to 
have international standards. Why do we use [an international standard]? Here 
are some of the reasons. It is a global approach and in spite of the numerous 
regulations, this system works. Obviously, it’s voluntary and confidential. It 
involves looking at practice, not just engineering standards in the program. 
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These standards require the use of professional judgment, which may make 
some people uneasy because of the uncertainty of the education, knowledge, or 
credibility of the person making the judgment. Professional judgment is the issue 
that usually causes the most difficulty in that one professional differs from another 
professional. It is said by nonveterinarians that if there are five veterinarians in a 
room, there will be 10 opinions. It is very difficult sometimes to get consensus and 
know what the right professional judgment is. 

But from our standpoint, the animals benefit if we avoid template think-
ing. Temple Grandin, whom many of you may know, has written a number of 
books on animals. She is an autistic woman who has been very successful in the 
animal behavior/animal psychology field. She often discusses her visits to 
slaughter plants, where she conducts plant evaluations. She knows that when 
government inspectors come in they have a 100-step checklist. Temple goes in 
with five or 10 different things she examines from the animals’ perspective. 
From those few items, she can rapidly tell the state of the slaughterhouse. I be-
lieve this is one of the best examples of why professional judgment is important. 

So there is a lot of oversight: Our wonderful core principles have now be-
come a way to audit us, in addition to the USDA and GLPs. But that is acceptable 
in that there is constant challenge and a dialogue to help improve and refine the 
system. 

It is also important to recognize that we and other pharmaceutical companies 
conduct work outside our institutions. CROs are fairly straightforward, but aca-
demic alliances and collaborations with biotech and other companies are not. So 
we have instituted a process by which we look at those aspects. 

Many wonder if that’s the best use of resources that might be better spent 
in hiring more veterinarians or vet techs. However, as stated earlier, it is a bal-
ance. We can perform research because society as a whole has stated that re-
search is important. So there is something the companies owe the public in re-
turn. 

While the standards to which the company holds us may be surprising, it is 
also understandable that they want to build trust with stakeholders. They feel 
they must answer certain questions and I and my team have to provide that in-
formation. 

What are my conclusions? 
 

 Always to remember that we are all in this together. Personally, I feel 
that the weakest link in all our conversations is the [conversation] we don’t have. 
It is much more important to talk and disagree than not speaking and believing that 
“never the twain shall meet.” 

 Standards, particularly engineering standards, should be based on science 
and show a clear benefit. 

 Principles keep both the science and the animal in mind and should allow 
diversity and professional judgment. 
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Overcoming Challenges— 
Contract Research Organizations (CROs):  

Setting Up a CRO in a Foreign Country 
 

Bryan Ogden 

 
Thank you for the opportunity to travel back to the US. I have been in 

Singapore for four years having left an academic environment at the Oregon 
National Primate Research Center to help with a startup contract research or-
ganization (CRO).1 I am going to use some of my experiences to illustrate some 
of the challenges, operationally, that we face as a CRO in working across differ-
ent standards. 

Foreign CROs face the challenge of establishing credibility. Western com-
panies have scrutinized the different CROs that are being established in Asia. 
There have definitely been some bad outcomes, some disappointing facilities 
and programs. Sometimes that record is used to make presumptive judgments 
about new CROs. 

I hope that most people know that Singapore is not in China, although if 
one were to ask where Singapore is there would be many different answers. Sin-
gapore is located at the tip of the Malaysian Peninsula. The island where we 
have our breeding colony in Indonesia is a one-hour ferry ride across the South 
China Sea. This presentation will focus on the Singapore story. 

CROs face the challenge of being competitive. The pharmaceutical com-
panies demand a certain standard and expect CROs to do things similarly to the 
way they are done in the pharmaceutical industry, which can be a challenge 
from one country to the next. If the CRO does not meet those standards, it will 
not get the business, and yet it has to be profitable. The general perception is 
that a young company in particular needs to be faster, better, cheaper. 

                                                 
1CROs provide support to the pharmaceutical and biotechnology industries in the 

form of outsourced research services (for both drugs and medical devices) such as clini-
cal trial development, management, and postapproval services. This presentation focuses 
on the challenges of outsourcing to CROs in other countries.  
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The question becomes, Should the CRO vie to be better than everybody 
else or just acceptable, to meet the minimum standards? And what would those 
standards be? Should the CRO appeal to a niche market or do a broad service 
offering? 

Most CROs realize that they will be expected to provide humane animal 
care and use. Certainly our CRO does not want to attract business from countries 
with tighter regulations with the intent of doing something more invasive or less 
humane in our country or in our facility. Certainly the pharmaceutical compa-
nies and biotech companies would not want to be perceived as outsourcing to 
Asia, for instance, so that they can bypass humane care and use standards. 

There are also opportunities for preferred provider and partnership ar-
rangements, collaborations. For instance, we have agreements with certain 
pharmaceutical companies to do some of their discovery work and perhaps some 
of the toxicology work. These kinds of arrangements occur in different countries 
in Asia and most likely in Europe and the US. Such studies are important to 
CROs for their survival and give them a core base of income. These partnerships 
sometimes also provide an opportunity to work together on novel model devel-
opment. 

However, there are challenges with different standards across different 
countries and cultures. The problem may not always be due to differences in, or 
lack of, animal welfare regulation. There may be different government agencies 
that affect permits related to a CRO’s activities without specific laboratory ani-
mal welfare regulations. I will give an example. 

The other issue is how the regulations are enforced. Do the regulators 
really understand the best standard of animal care, or at least best practice? 

Within a CRO, especially in a country where there is a diverse population, 
there are different cultural attitudes. For instance, some males will not take di-
rection from a female superior or are less likely to—a technician who was raised 
in a household with a Filipina maid might not readily accept correction from a 
Philippine veterinarian. A CRO must deal with these and other interpersonal and 
cultural challenges. 

There is also the issue of the status of the animals in different cultures. 
What is acceptable use of an animal? In some cultures animals that are consid-
ered pets in western culture are actually food. 

There are ethical considerations and compliance issues as well. Does the 
country have a culture of compliance, or even a culture of integrity or ethical 
principles of integrity? In some countries Westerners are walking wallets—it is 
common for people in those countries to charge Westerners several times what 
they would charge someone else for similar services or products. It is considered 
a real coup for them to cheat people. 

A particular concern with CROs is cultural attitude toward saving face 
versus disclosure. Mistakes on studies are inevitable. If the culture is focused on 
saving face, there may be a tendency to hide the mistakes, which could affect the 
data and the interpretation of the data. This could ultimately cause far-reaching 
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negative effects during clinical trials. It is therefore essential to understand the 
ethical principles about disclosure as opposed to saving face. 

Work ethic across different cultures and countries is another challenge. In 
some countries the work pattern is for one person to do the work and several 
supervisors to stand around and watch. This is based on a concept of how many 
hours of actual work in an 8-hour workday the employer is entitled to. 

Another issue concerns the socioeconomic and human living conditions of 
the workers when compared to animal living standards. It is difficult to persuade 
a worker to implement sanitation practices for primates when the worker lives in 
a hut with a dirt floor, blue tarp walls, and a rusty corrugated metal roof. 

Pride in workmanship affects the quality of the facilities, and ultimately 
the quality of the care of the animals. 

My company can be used as a relevant case study in operational chal-
lenges working across different standards. It started as a spin-off of Monash 
University in Australia, then moved to Singapore as a preclinical CRO in 2003. 
Between 2004 and 2005, facilities were designed, financing was obtained, facili-
ties were constructed and then licensed to do research; in 2006, the programs 
were accredited by AAALAC and began to adhere to FDA GLP compliance. 
The facility was accredited by the OECD for GLP accreditation in 2008. 

In addition to the Singapore CRO facility, the company has a breeding fa-
cility for primates in Indonesia. The Indonesian standards for animal care, or 
lack thereof, will be discussed in a moment.  

In 2000, the government of Singapore began an initiative to develop bio-
medical sciences as a major hub of the economy, with the ultimate goal of be-
coming the biomedical hub of Asia. They appointed an advisory committee and 
built some “Field-of-Dreams-style” facilities. That committee was called the 
National Advisory Committee for Laboratory Animal Research (NACLAR). 
NACLAR looked at standards across different countries, including the UK, Aus-
tralia, New Zealand, Canada, and the US, and decided to adopt standards similar 
to those in the US that would enforce a self-regulation type of oversight of ani-
mal care and use programs. They published their guide in October 2004. The 
Parliament passed an amendment to the Animal and Birds Act covering animals 
in research, effective November 2004. The Agri-Food and Veterinary Authority 
(AVA) was assigned a role similar to that of the USDA, overseeing the licensing 
and inspection of animal research facilities. 

Of the challenges mentioned earlier, some result from working across dif-
ferent countries, but others are specific to Singapore. To meet those challenges 
in part, Maccine hired me, a US-trained, ACLAM board-certified veterinarian, 
since my career was based on the US standards Singapore was adopting. This 
helped provide credibility for the company to potential clients. The company 
also received some backing and support from Quintiles, a UK-based CRO, in-
cluding some key staff. They recruited people from other countries, too, because 
there was not a base of study directors or technical staff with experience in labo-
ratory animal care in Singapore. 
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Maccine has held the Indonesian facility to the NACLAR and AVA stan-
dards. In fact, the IACUC in Singapore oversees the animal care and use pro-
gram at the Indonesian facility, including twice-yearly inspections of the facility. 
AAALAC accreditation was very critical. We even invited the Singapore AVA 
to be at the AAALAC site visit in Indonesia, even though AVA had no regula-
tory authority there. 

Training has been a key issue. Through the Singapore Association of 
Laboratory Animal Science, which we established in 2004, we have offered 
training for IACUC members, similar to what is done in the US with IACUC 
101. 

The NACLAR guidelines are different in some minor ways from US regu-
lations. While they are very similar overall, NACLAR does not reflect the dif-
ference between the USDA Animal Welfare Act and Public Health Service pol-
icy with regard to the definition of an animal: NACLAR guidelines cover all 
vertebrate animals and the AVA uses the NACLAR guidelines to measure com-
pliance. Another difference is that the IACUC may not do a designated review. 
Also, to have a quorum of the IACUC, one of the people in attendance must be 
the nonaffiliated or the nonscientific member. 

Animal facilities are inspected by the IACUC and AVA only once a year, 
although the IACUC program review occurs twice a year. To facilitate the proc-
ess, we have started doing our IACUC inspections at the same time as the pro-
gram review, twice yearly. This is similar to what is done in the US and what 
our clients expect. AVA inspection is scheduled, as opposed to being unan-
nounced as it is in the US. In fact, the AVA has begun to require something 
similar to an AAALAC program description prior to its inspection. It seems that 
the AVA is striving to hold facilities to a standard even beyond the regulations 
and guidelines. It is both good and challenging to have inspectors come to the 
facility who have both an intimate knowledge of the program and the regulatory 
power to enforce the regulations.  

NACLAR and the regulations under the Animal and Birds Act both re-
quire training. IACUC members must receive formal training. Also, anyone who 
does research must attend a course on the responsible care and use of laboratory 
animals. 

The contrast between Singapore and Indonesia demonstrates an interesting 
continuum in the amount of regulation. Singapore is one of the most regulated 
countries with the highest standards in Asia, and Indonesia (and perhaps Malay-
sia) are at the other end of the continuum. Malaysia is now working on setting 
up some national animal welfare standards for laboratory animals. 

As mentioned earlier, while Maccine has a facility in Indonesia where 
there are no laboratory animal welfare standards and therefore no government 
inspections, the company applies the same standards as in Singapore. Even 
though both countries are CITES members, one can get a CITES permit in three 
days in Singapore, while it can take weeks or months to get one in Indonesia. 
The timeline for CITES approval in Indonesia can depend on who you know and 
in some cases who you pay. In addition, both countries require import and ex-
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port permits. Again, the turnaround is very fast in Singapore and very long in 
Indonesia. 

Singapore is very diligent and efficient in both permitting and bureaucratic 
integrity. Indonesia still has not been able to eliminate influence peddling and 
under-the-table payments in order to get permits. Without payments, the waiting 
period can be extremely long. 

There was a challenge in Singapore with regard to GLP certification. 
When the company was started, Singapore was not an OECD member so there 
was no GLP monitoring authority. In 2006, the Singapore government assigned 
SPRING as the GLP monitoring authority and it began auditing for GLP com-
pliance in 2008. Singapore became a provisional member of OECD in 2007.  

I would like to address a few other CRO challenges: 
 

 financing and cash flow, especially with a startup company; 
 design and construction;  
 SOP establishment—starting from scratch, then training and achieving 

compliance; and 
 good quality control and validation and quality assessment. 

 
Those are all challenges that are met to one degree or another in different coun-
tries, in different CRO facilities. 

Credibility is an issue especially if the country is viewed similarly to its 
neighbors. For example, some people may be under the misconception that Sin-
gapore is in China and, if they have heard horror stories about melamine in baby 
formula or colleagues have revealed their bad experiences in China, they may 
think that Singapore has the same negative issues. From my own experience, 
when we have been audited by pharmaceutical companies and biotech compa-
nies, the auditors are greatly relieved when they see our AAALAC accreditation.  

An additional challenge is being competitive. Singapore does not have 
much in the way of rodent breeding and there is no commercial rodent vendor 
there. Within the next couple of years, the country plans to have its own national 
breeding center. Now, however, we have to import rodents, which is expensive, 
making it hard to be cost-competitive, especially in the toxicology area. 

Communication is another challenge because there is a 12- to 13-hour 
time difference with the East Coast of the US, so we must have late-night or 
early-morning conference calls. 

Language is not usually a significant problem because the official lan-
guage of Singapore is business English, although sometimes the accents are dif-
ficult to understand. In other countries, however, there are significant language 
and cultural barriers. 

Sourcing supplies and equipment can become a challenge as well as the 
function of the regulatory agencies with regard to shipping, bioanalysis, pathol-
ogy. AAALAC accreditation was an important step to becoming a credible CRO 
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in order to meet the expectations of clients. For CROs doing toxicology, GLP 
certification is also necessary. 

There have been some frustrations in not being able to work with archi-
tects, engineers, and contractors that have experience in building animal re-
search facilities. Cost engineering is a problem everywhere, and unfortunately 
one of the first areas to be cut in building design is storage space. It is also a 
challenge to get quality materials and have them installed such that the epoxy 
floor does not come up, paint does not peel off the wall, or the walls don’t crack 
soon after you move in. In Asia, contractors tend to use unskilled labor. In China 
the laborers are uneducated ethnic minorities, and in Singapore it is the Bangla-
deshis, Pakistanis, or people from other undeveloped countries. Even with the 
best epoxy products, inexperienced workers can make a real mess during instal-
lation, which can of course also happen in the US.  

Here are some pet peeves of mine working in Asia. Workers cannot get a 
concrete slope floor to drain evenly—one gets pooling of water and water pour-
ing from the room out into the corridor during hose-down washing. Another pet 
peeve has to do with improper surface preparation of floors for epoxy. There are 
often not good moisture membranes. There are problems with improper mixing 
so that a month later feet still stick to the epoxy floor and wheels leave indents. 
Of course, installation and maturing are issues here. Another pet peeve is the 
apparent inability to match paint in Asia, which should be possible with a simple 
computer program. But this does not seem to happen in Singapore. If you are 
lucky, when a crack is patched, the workers will put a geometric design over it, 
like a square or a long rectangle. If you are not lucky, it will just kind of patch 
the crack in a different color in an irregular pattern, maybe using a different tex-
ture, maybe a flat paint as opposed to a gloss.  

There does not seem to be enough pride of workmanship in many parts of 
Asia. Simple jobs like applying grout or caulking that should produce a smooth 
line result in thumbprints, blobs, or smears and the workers appear to be satis-
fied. It is a real challenge to find people who are qualified. There are the “sea 
turtles” coming back to China and other countries after working or studying in 
the US. Their competence in the CRO and in other environments using animals 
will depend on what their US experience was. In my experience in academia, 
foreign workers did not always get it, even after 10 years for some of them. If 
people like this return to their native country and are perceived as understanding 
animal welfare standards and ultimately become leaders in their companies, you 
can expect that things are not going to be harmonized. 

It is common to hire workers from outside the area, especially in Singa-
pore, where there are only 4 million people and no farms or anyone with any 
agricultural background. We often hire from other countries and have a large 
number of employees, including some veterinarians, from India and the Philip-
pines.  

Often it is most expedient, at least initially, to hire Westerners to help train 
employees and to help set the standard and maintain compliance. It is a problem 
to retain them, however, and it is necessary to make a plan for succession, so 
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that the people who are left behind are trained. If a CRO wants to be competi-
tive, it is not profitable to keep hiring people at high salaries from the West. 
Trained workers tend to move from company to company in search of higher 
salaries and this may ultimately affect cost competitiveness.  

Sourcing challenges, vendors—I won’t get into that. I think I’m just about 
out of time. 

With regard to regulation, hopefully countries will follow Singapore’s ex-
ample and review the standards in other countries and develop regulations that 
will be similar or at least compatible to those in other countries. They will cer-
tainly learn from the experiences of other countries as well as how to enforce the 
regulations. However, there is a concern that without a proper understanding of 
the science and intent behind the different regulations, there may be a tendency 
for a growing bureaucracy to make things more difficult. The regulators have a 
steep learning curve and regulatory creep is a real threat. We have seen an evo-
lution in Singapore in the last four years, when we first started out with simple 
inspections, and now we are required to fill out a lot of paperwork before an 
inspection. Our annual reports, similar to what we submit in the US to the 
USDA, have become much more detailed. 

In Singapore, an example of bureaucratic creep and lack of understanding 
of industry needs for biomedical research is the buprenorphine story. Buprenor-
phine is an analgesic that is commonly used in laboratory animals, but has been 
overprescribed by physicians in Singapore, resulting in human abuse. The Min-
istry of Health abruptly removed it from the market and it was suddenly un-
available in Singapore. Both lab animal and private-practice veterinarians ap-
pealed to the Ministry of Health and the AVA, and the AVA stepped in and 
helped make buprenorphine legal for certain veterinarians and lab animal facili-
ties. The challenge has been to get a vendor who is willing to supply it only for 
veterinary use. A year later, we still do not have access to buprenorphine. How-
ever, every quarter, we are still required to submit a report to the AVA saying 
that we have not received any and have not used any of that which we have not 
received. I usually forget to file the report and receive a notice from AVA about 
a month after the report is due. The last notice says, “If you don’t submit your 
report, we’re not going to remind you next time. You will not be able to be listed 
as someone to get buprenorphine.” To me, this is an example of bureaucratic 
creep and the negative effects of not comprehending the impact of regulatory 
decisions. 

In closing, I would like to say that I support what Margaret Landi said 
about the concerns surrounding engineering standards versus performance stan-
dards. I have seen too much misuse of engineering standards, to get letter-of-the-
law but not spirit-of-the-law compliance—in some cases, straining at gnats and 
swallowing camels, if you will excuse the biblical reference. For instance, you 
come into a room of rodents in Asia with some very nice, expensive ventilated 
caging, but the paint is peeling off the walls and there is water dripping from the 
ventilation ducts and the room is filthy. But there is 100 percent fresh air to the 
rodents. It’s HEPA-filtered. 
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Credibility will continue to be a problem. It is important to continue to 
look beneath the surface to determine if what is seen is “show” rather than actual 
improvement in the quality of animal care and use.  

I want to thank my company for allowing me to take part in this; Gary 
Morrow for his help, based on experience he has had in other CRO inspections; 
and articles by Stacy Pritt and Jayne Mackta. 

I also thank AAALAC International, which has been wonderful in sending 
speakers to our IACUC training courses, materials for conferences, and people 
to speak at our conferences. AAALAC has sent somebody to support us every 
time we have asked and I know that they are willing to do that in other coun-
tries. AALAS has also provided valuable training materials and certification 
exams. They are a tremendous resource. 

I thank the planning committee for inviting me to this ILAR conference. I 
thank my wife, especially, for leaving our five grandchildren—the number of 
which has now grown to seven—here in the US and spending four years with 
me in Singapore. 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

54 

 
 

Global Issues: Operational Challenges to  
Working across Different Standards in Academia1 

 
Steven M. Niemi 

 
Introduction 

 
While globalization of many human endeavors has become a truism and 

digital communication channels force-feed us nonstop connectivity, it is impor-
tant to remember that personal interactions remain invaluable. This is especially 
true at gatherings like this one where we address multiple scientific, political, 
legal, economic, cultural, and emotional perspectives on a subject of great inter-
est to many around the world. The Institute for Laboratory Animal Research and 
the National Academies are congratulated for hosting this meeting to facilitate 
such face-to-face exchanges and I am honored to be invited to speak. 

My assignment is to provide a perspective on current and anticipated op-
erational difficulties and needs (i.e., “challenges”) in the use of animals in aca-
demic biomedical research across national boundaries, especially involving 
Americans. In other words, I was asked to describe how US scientists in acade-
mia grapple with the variety of national laws, regulations, standards, practices, 
customs (or lack thereof for any of these) when laboratory animals are involved 
in multiple countries, and how things may evolve over the foreseeable future. I 
will begin with a few definitions and a specific framework for my commentary 
in this field, continue by examining current drivers for transnational academic 
collaborations, and finish with predictions and recommendations for the next ten 
years. 

At the most basic level, academia differs from government and industry in 
their respective missions. Governing is the purpose of government, and increas-
ing the value of owners’ equity is the purpose of commercial firms. Academe, 
by contrast, is focused on knowledge, both its discovery through research and its 
transmission through teaching. These basic differences are noteworthy in the 

                                                 
1The views and opinions expressed herein are solely those of the author and not nec-

essarily of his employer or of organizations with which he is affiliated. 
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context of this symposium because academic research comes with no vested 
authority over the citizenry, unlike government, and no expectation of near-term 
financial returns (if the research happens to be paid for by industry, it is industry 
rather than academia that is expected to translate any new knowledge into some-
thing marketable). Thus, one would think that academia should have an easier 
experience than the other two entities in transnational use of laboratory animals. 
We will explore whether that presumption is actually true.  

Another important difference between academia and these other two ele-
ments of society is that the academic scientist understands that new knowledge 
will be scrutinized and must be verified by others before a discovery is accepted; 
governments and commercial firms wish just the opposite. In any event, testing 
the accuracy of new knowledge can be performed by anyone anywhere in the 
world if he or she has the requisite knowledge and resources, another detail rele-
vant to this discussion. 

For definition purposes, laboratory animal care and use will be treated as 
one and the same in this presentation. This avoids having to distinguish between 
national differences for animal husbandry and veterinary support versus differ-
ences involving actual animal experimentation. And from the public’s percep-
tion and certainly from the animal’s experience, animal care and animal use rep-
resent a continuum.  

Only vertebrate laboratory animals will be considered in this presentation. 
This is despite my suspicion that the majority of animals used in academic bio-
medical research today are actually invertebrates, including but not limited to 
insects such as Drosophila melanogaster and nematodes such as Caenorhabditis 
elegans.  
 

An Example: China 
 

I will address only one geographical element in an otherwise lengthy 
equation, i.e., the growing presence of China in academic biomedical research, 
with apologies to other countries. This is partly because of China’s huge popula-
tion, rapid rate of modernization, and lack of established regulatory oversight of 
laboratory animals, and partly because of its legacy of major “firsts” in mathe-
matics, science, and engineering2 and preeminence as the world’s largest econ-
omy for many centuries. Between around 1000 CE and the Renaissance, it is 
estimated that China represented more than 75% of global population, produc-
tion, and trade.3 And for the subsequent 400+ years, China still generated 30% 
of global production (until the rise of the Industrial Revolution in Europe in the 
                                                 

2Simon Winchester, The Man Who Loved China (New York: HarperCollins, 2008), a 
biography of Joseph Needham, the Cambridge University scholar who rediscovered and 
published extensively on centuries of Chinese dominance in these fields until its demise 
at the hands of neighboring countries and colonial powers in the 1800s. 

3Klaus W. Wellershoff, as quoted by Lee Kuan Yew, “Asia’s Growing Role in Finan-
cial Markets,” Forbes Magazine, February 25, 2008, p. 21. 
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1830s), a percentage larger than that of the US in the decades immediately after 
World War II. [After Mao’s Cultural Revolution and Great Leap Forward, 
China’s output dropped to only 1% of the world’s GDP in 1979. China has since 
rebounded to 5% and its spending on R&D has grown 19% annually over the 
past 10 years, a rate more than six times higher than in the US, which is still the 
world’s leader in yearly R&D expenditures.]4 

This impressive heritage gives many Chinese citizens great pride and an ex-
pectation that their country will eventually resume its global leadership in the 
sciences. Hence, domestic support for the pursuit of science and technology 
leadership will continue to be strong. Besides India, no other country comes 
close to matching China in this context. But because India has chosen to dis-
courage the use of nonhuman primates in biomedical research,5 China is a logi-
cal focus. By contrast, addressing the differences only between wealthy coun-
tries with respect to laboratory animals and academic research is less compelling 
because those differences are minor in comparison with poorer nations. Fur-
thermore, investment in animal-based biomedical research in China and other 
developing countries will likely accelerate. 
 

Current Drivers and Barriers 
 

Several years ago in his book The World Is Flat, Tom Friedman described 
how Tian Xu, a Yale professor and Howard Hughes Investigator, outsourced 
bench work and mouse studies to long-time colleagues at Fudan University in 
Shanghai while his laboratory analyzed the resultant data back in New Haven.6 
Xu’s counterparts in China enjoyed new and expansive laboratories, ample fed-
eral funding, and could remain in their country rather than traveling to the US 
for graduate or postdoctoral training. This arrangement permitted the American 
side to accomplish just as much research with trusted collaborators but at a frac-
tion of the cost of performing that research in the US. At the same time, gradu-
ate students in the partnering laboratory in China got access to cutting-edge re-
search, with frequent exchanges of staff in both directions. [It is important to 
recognize how serious the Chinese government is about recruiting expatriates 
that historically have stayed abroad. A related trend is the dramatic increase in 
Chinese students receiving higher education—from 1.4% of the college-age 

                                                 
4Philip Auerswald, “China’s quick fall, slow return to glory,” Boston Globe, August 

11, 2008. 
5A.J. Rao. Use of nonhuman primates in biomedical research in India: Current status 

and future prospects. In International Perspectives: The Future of Nonhuman Primate 
Resources, Proceedings of the Workshop Held April 17-19, 2002, National Research 
Council. Washington: National Academies Press.  

6Thomas L. Friedman, The World Is Flat: A Brief History of the Twenty-first Century 
(New York: Farrar, Straus and Giroux, 2005), pp. 247-248. 
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population in 1978 to 20% in 2005, resulting in almost half a million new un-
dergraduates, 48,000 master’s degree graduates, and 8,000 new PhDs a year.7] 

Other scientists in advanced countries have recognized the same cost ad-
vantages, even without close personal relationships, and these types of extramu-
ral collaborations are becoming more popular. Consider that for the first nine 
months of 2004, 53% of the research papers published in Science and Nature 
from Chinese laboratories included American scientists as coauthors.8 When 
laboratory animals are involved, the cost differential may be even more striking 
when one appreciates the much greater investment made in each animal in bio-
medical research today. For example, genetically engineered mice have proven 
to be a critical tool in dissecting the influences of various genes in diseases and 
other biological phenomena. But preparing for the actual experiment of interest 
involving a specific combination of multiple genotypes usually requires several 
generations of cross breeding, coupled with genetic analysis of every animal 
from each generation to make sure that the breeding scheme actually yields the 
genetic components of interest. The result is not only a mouse with a novel and 
precise mixture of genes but a mouse that represents an investment of perhaps 
tens of thousands of dollars before the experiment is ever conducted. Cost reali-
ties like these in a tight funding environment are leading many to consider less 
expensive strategies abroad. 

Other drivers for transnational collaborations between developed and de-
veloping countries involve access to patient populations or environmental cir-
cumstances that are not as prevalent in wealthier nations. China is not unique in 
this regard, but some of its ethnic minorities with their relatively narrow genetic 
bases, isolated living conditions, and limited diets may offer science a better 
means of understanding nature versus nurture in specific diseases that also af-
flict patients elsewhere. For example, Xinjiang Province in the northwest corner 
of China is home to thirteen nationalities. Here, Kazaks eat a very salty diet and 
have a high incidence of hypertension and esophageal cancer with short life-
spans when compared to Uighurs, who eat primarily grains and fruit and have 
long lives with a very low incidence of cardiovascular disease.9,10 On the other 
hand, there are diseases relatively widespread in China but rare in most other 
parts of the world. One example is hydatid disease, a parasitic infection affecting 
600,000 Chinese, with an additional 60 million estimated to be at risk. Treat-

                                                 
7Howard W. French, “China Luring Scholars to Make Universities Great,” New York 

Times, October 28, 2005. 
8Ya-Ping Zhang and Shigang He, 2004, editorial, Science 306: 1861. 
9He Bing-Xian and Zhang Jian-Yi, “Dietary habits and longevity along the Silk 

Road,” in Proceedings of the Symposium on New Horizons in Preventing Cardiovascular 
Diseases, Y. Yamori and T. Strasser, eds. New York: Excerpta Medica, 1988, pp. 89-93. 

10D. Rahmutula, et al. Angiotensin-converting enzyme gene and longevity in the Xin 
Jiang Uighur autonomous region of China: An association study. J Gerontol A Biol Sci 
Med Sci 57:M57-M60, 2002. 
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ment is only 30% effective, leaving many to face premature death.11 Many sci-
entists are studying this parasite-host interaction because it may provide insight 
into parasite immunology in general.  

Regardless of the increase in transnational research collaborations between 
developed and developing countries, there are significant risks involved. These 
include fraud, plagiarism, loss of intellectual property, and perhaps even crimi-
nal acts involving theft or smuggling of protected natural resources. Most of 
these adverse consequences are very rare in contemporary science among 
wealthy countries, but lack of similar protections and an only recent respect for 
the ownership of ideas in less developed countries raise legitimate concerns. 

Other postulated incentives to increase academic collaboration between 
scientists in developed and developing countries are not as valid, at least here in 
the US. These include the avoidance of regulations and activist targeting pertain-
ing to the use of animals in biomedical research. American scientists have be-
come accustomed to established standards of laboratory animal oversight, and 
their respective institutions have administrative and physical infrastructures for 
compliance with regulations that have been in effect for many years. In fact, the 
biggest academic concerns to transnational collaborative research involving lab 
animals involve just the opposite situation, i.e., the lack of those same quality 
standards and safeguards that protect the health and welfare of today’s expen-
sive animal models in developed countries.  

When coupled with an unprecedented level of scrutiny available via the 
Internet, the negative consequences of mere allegations of lab animal mistreat-
ment involving a scientist in a developed country are greater than any theoretical 
advantage to be gained by conducting animal research in a less rigorous envi-
ronment. Therefore, the biggest concerns to be resolved if such collaborations 
are to grow and succeed involve acceptable (i.e., Western) ethical values for and 
adequate oversight of animal research in developing countries. Additional con-
cerns pertain to the adequacy of the knowledge base of local veterinarians in 
poorer nations with respect to lab animal biology and medicine, as well as the 
vested authority of those veterinarians to intercede on behalf of lab animals 
when (Western) limits on animal pain and distress have been exceeded. Some 
may claim that this smacks of cultural imperialism and imposition of one ethical 
standard at the expense of another that has just as much legitimacy. However, 
even in China, as a middle class becomes more established, pets are becoming 
more precious to their owners and this trend could expand to greater sensitivity 
for other animals.12 As a result, cultural attitudes toward animals may, indeed, 
converge as living standards rise and more persons gain access to the web and 
other global connections. 

                                                 
11“Parasitic time bomb,” Scientific American, July 2005, p. 22. 
12Nicholas Zamiska, “Chinese Unleash a New Fondness for Their Dogs,” Wall Street 

Journal, August 7, 2006. 
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Current and Future Safeguards 
 

At least two multinational approaches to address these major concerns are 
currently in effect. Both are laudable, but each has limitations. The first involves 
the NIH’s Office of Laboratory Animal Welfare (OLAW; http://grants.nih.gov/ 
grants/olaw/olaw.htm). OLAW is charged with obtaining official assurances that 
institutions accepting NIH research funds comply with contemporary standards 
for lab animal care and use. US institutions must submit a lengthy document 
every four years that details every aspect of their animal husbandry, veterinary 
care, occupational safety, and internal (IACUC) oversight programs, for review 
by OLAW staff before an assurance is approved. OLAW also expects to receive 
annual updates from those institutions as well as timely notification of any major 
adverse events affecting lab animal welfare. Foreign institutions that receive 
NIH research funds also are required to submit an animal welfare assurance, but 
that document is less stringent, to wit: 
 

When the grantee is a domestic institution (i.e., domestic grant with a for-
eign component), PHS animal welfare requirements are applicable. Ac-
cordingly, the grantee remains responsible for animal activity conducted at 
a foreign site and must provide verification of IACUC approval. That ap-
proval certifies that the activity, as conducted at the foreign performance 
site, is acceptable to the grantee. The grantee IACUC may accept, as its 
own, the approval of a foreign entity’s IACUC; however, the grantee 
IACUC remains responsible for the review. Additionally, the foreign en-
tity must complete the Statement of Compliance with Standards for Hu-
mane Care and Use of Laboratory Animals by Foreign Institutions, avail-
able from OLAW. This document certifies that the institution will comply 
with the applicable laws, regulations, and policies of the jurisdiction in 
which the research will be conducted, and that the institution will be 
guided by the International Guiding Principles for Biomedical Research 
Involving Animals. If the grantee is a foreign institution then IACUC ap-
proval is not required. The institution completes the Statement of Compli-
ance referenced above. OLAW encourages foreign institutions to use the 
standards in the Guide, which is available in a number of foreign transla-
tions.13 

 
Currently, institutions in 79 countries have an animal welfare assurance 

approved by OLAW.14 OLAW cannot impose US laws and regulations on for-
eign entities, and regulatory site visits to those entities to ensure compliance 
with the Guide and other standards are impractical and unaffordable. Thus, the 

                                                 
13PHS Policy on Humane Care and Use of Laboratory Animals, “Frequently Asked 

Questions” (http://grants.nih.gov/grants/olaw/faqs.htm, last revised February 26, 2008). 
14“Foreign Institutions with a PHS-Approved Animal Welfare Assurance” 

(http://grants.nih.gov/grants/olaw/assurance/500index.htm). 
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resulting discrepancy allowed between US and foreign institutional oversight of 
lab animals can be wide. Lapses that affect scientific data or animal welfare 
could be subject to disciplinary enforcement in the US but may be deemed toler-
able in another country. That would result in only the US collaborator being 
subject to punishment from either OLAW or the public. In addition, such a dou-
ble standard leaves a US scientist at a disadvantage for research funding when 
competing against a foreign applicant or another US institution relying on a for-
eign collaborator for its animal work, if all other aspects of their respective grant 
proposals are equal and if the first US institution is not able or willing to attain 
an acceptable assurance from OLAW. 

The second approach in effect today is the voluntary accreditation pro-
gram conducted by the Association for Assessment and Accreditation of Labora-
tory Animal Care International (AAALAC; www.aaalac.org), a laudable organi-
zation that is well represented at this symposium. Over 750 institutions, 
including academic research centers, in 29 countries are currently AAALAC 
accredited. But AAALAC accreditation is entirely voluntary and its delibera-
tions and communications with applicants are confidential. Thus, there may be 
just as much uncertainty about the relative quality and reliability of AAALAC-
accredited institutions as there can be about US versus foreign assurances ap-
proved by OLAW. However, the AAALAC approach is more rigorous than 
OLAW’s in that site visits are required every three years to maintain accredita-
tion, regardless of past evaluations or parallel approval by OLAW or any other 
entity. Those site visits are conducted by an experienced team of lab animal spe-
cialists to determine whether the institution remains in compliance with the 
Guide and other applicable standards of care and use as well as pertinent na-
tional and other laws and regulations. One can envision AAALAC accreditation 
becoming an international standard of quality in the absence of national laws 
and regulations that are equal for all countries. 

In the meantime, there remains a need to upgrade global lab animal wel-
fare standards not only to establish a more fair and consistent playing field be-
tween scientists in developed and developing countries but also to ensure that 
lab animals used anywhere are provided protection consistent with evolving 
values. The often referenced International Guiding Principles for Biomedical 
Research Involving Animals was issued by the Council for International Organi-
zations of Medical Sciences “as a result of extensive international and interdis-
ciplinary consultations spanning the three-year period 1982-1984.”15 It continues 
to be used as an acceptable foundation to guide lab animal welfare around the 
world, but has not been upgraded or otherwise revised for the past 23 years. 
More recently, the predecessor of this conference16 and a similar one-day  
 

                                                 
15www.cioms.ch/frame_1985_texts_of_guidelines.htm.  
16The Development of Science-based Guidelines for Laboratory Animal Care: Pro-

ceedings of the November 2003 International Workshop, National Research Council.  
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symposium at the AAAS annual meeting earlier this year17 compared and con-
trasted various regulatory and cultural mores involving lab animal welfare 
among only developed nations. But neither gathering would or could go further 
to propose more modern goals for universal standards of lab animal welfare that 
would apply to research performed elsewhere. 

In light of these circumstances, combined with the need for more modern 
practices involving lab animals as more transnational collaborations arise, the 
following objectives are proposed, listed in no particular order: 
 

 Veterinarians responsible for laboratory animal health are sufficiently 
educated and trained in the biology, husbandry, handling and restraint, sponta-
neous diseases, and veterinary medicine of the specific species under their care 
before they are assigned any such responsibility. 

 All laboratory mammals produced or used in research, testing, or edu-
cation receive environmental enrichment unless enrichment is exempted for 
(valid) scientific reasons. 

 All laboratory mammals produced or used in research, testing, or edu-
cation receive effective postoperative analgesic therapy unless exempted for 
(valid) scientific reasons. 

 Lethal endpoints are not permitted for laboratory mammals produced or 
used in research, testing, or education. Animals approved to decline to moribund 
endpoints are monitored frequently enough to ensure they are euthanized before 
they die. 

 Veterinarians responsible for laboratory animal health have authority 
without interference or penalty to intervene on behalf of animals experiencing 
unapproved or otherwise excessive pain or distress. 
 
These objectives will be presented to the American and European Colleges of 
Laboratory Animal Medicine for submission to the International Association of 
Colleges of Laboratory Animal Medicine, with a recommendation that they be 
adopted within five years. 
 

Summary 
 

We are witness to a rapidly changing environment for academic animal re-
search in which comparable expertise and resources are available at lower costs 
in a more transparent and more knowledgeable global society. It is imperative 
that lab animal welfare standards be adjusted and universally adopted to ensure 
that good science and good animal care continue to go hand in hand everywhere 
lab animals are used. 

                                                 
17“Optimal Laboratory Animal Care and Use: The Road to International Guidelines,” 

AAAS Annual Meeting, Boston, February 17, 2008. 
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Overcoming Challenges—Academia in Europe 
 

Harry van Steeg 

 
My presentation will focus on an overview of the animal studies going on 

in our institute.1 Most of these studies are embedded in international collabora-
tions, among others, with NIH support and grant money. Differences in stan-
dards in animal testing are encountered especially in these international projects. 
Here is a brief overview of the studies being conducted and the areas of interest. 

There are two primary research fields. First, we are interested in develop-
ing alternative test models for carcinogenicity and mutagenicity. In particular, 
we are interested in the mechanisms of nucleotide excision repair, or in general 
genome maintenance, and p53, the cell cycle control gene. In addition, we are 
involved in large survival studies in models that have a defect in genome main-
tenance genes. In particular, what is the effect of this defect on survival and ag-
ing in these models? We encountered some differences in regulations in these 
studies. 

Why are we interested in developing alternative tests for carcinogenicity 
testing? The gold standard is still the rodent two-year bioassay, which is very 
tedious and uses many animals—at least 500 rats and mice must be used to test 
one compound—and a very high dose is used, up to the maximum tolerated 
dose, which is totally irrelevant to human exposure. These assays also require 
long exposure times over the lifetime of the animals, which is two years or 
longer. Based on these dose-regimen protocols, these two-year bioassays often 
produce many false positive results. Thus, the results are not reliable, and these 
assays are very expensive. 

Therefore, we are interested in developing alternative test models to de-
crease animal use and use lower, more relevant doses at lower cost. The idea 
was to make animal models that are more sensitive to carcinogens and in that 
way use fewer animals. 

In our institute in the Netherlands, we developed a DNA repair-deficient 
mouse model, XPA, and we combined it with a p53-deficient model, which was 

                                                 
1The National Institute of Public Health and the Environment in Bilthoven, the Neth-

erlands (www.rivm.nl).  
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developed here in the US. Based on our preliminary results, this is a very inter-
esting model, and we were invited by the International Life Sciences Institute 
and the Health and Environmental Science Institute (ILSI/HESI) to become a 
member of a global initiative to foster alternative testing in carcinogenicity. In 
this program, there were four different transgenic mouse models—among oth-
ers, our XPA/p53 model. Twenty-one different carcinogenic and noncarcino-
genic compounds were tested. Exposure time was six to nine months instead of 
two years. For each compound tested, there were only 120 animals, with 30 
animals (15 males and 15 females) per dose group for each of three doses.  

In this global enterprise there were pharmaceutical industries, contract re-
search organizations, governmental institutes like ours, and regulatory entities, 
like the US Food and Drug Administration (FDA) and the Committee for Pro-
prietary Medicinal Products (CPMP) in Europe. In total, there were over 70 dif-
ferent partners in a big program. 

The outcome of the study is that most of the known human carcinogens 
tested positive in our transgenic models. Some compounds were false positives, 
which are compounds that test positive but may not actually be carcinogenic to 
humans. They tested positive because of the dose regimen used in this rodent 
assay. 

These alternative transgenic models may prove to be very interesting if 
used as an adjunct to the two-year bioassay, which is what is currently happen-
ing. Both the FDA and the CPMP in Europe allow the use of transgenic animals 
as an alternative to the mouse lifetime bioassay. 

The current test for pharmaceuticals still uses 500 rats with a two- to 
three-year exposure. There is an alternative test with the mouse, which uses only 
120 animals and exposure times of only six to nine months. This clearly is a big 
advantage in terms of the 3Rs concept. 

The next part of this presentation will focus on the aging studies in the in-
stitute. The basic research question is, Do DNA repair systems, or genome 
maintenance genes, have an effect on aging in terms of survival and pathology 
associated with aging? The experimental design included different mouse mod-
els having one type of DNA repair defect. Every survival study used 50 males 
and 50 females. The controls were the C57BL/6 animals. In these aging cohorts, 
we do complete analysis of all the animals when they are still alive, of course. 
When they are dead, you cannot do autopsy on them and pathology…. 

In order to determine what happens during aging, cross-sectional studies 
were done. Samples were taken from many tissues from each of 15 males and 15 
females at several time points. The time points were 13, 26, 52, 78, 91, 104, 117, 
and 130 weeks and the total number of animals was 200. 

These are very expensive experiments that we perform in conjunction with 
many American groups. In doing them, we discovered that there are different 
standards in the animal testing. As noted already, in the European Union animal 
experiments are performed based on engineering standards according to local 
and EU rules and regulations. Animal welfare is a critical issue and, at least in 
the Netherlands, we are required to prepare an animal welfare book. In the US 
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the experiments are based more on performance standards, on scientific facts…; 
when projects are funded by NIH…the rules are more stringent. 

In Europe, there are two different regulations. One, designed by the Euro-
pean Union, is the Council Directive 86/609, which is quite old, from 1986; it is 
currently being revised. This document was mainly based on economic and po-
litical considerations, and not animal welfare; however, in the revision there will 
be attention paid to animal welfare issues. This law will apply to the 27 member 
states of the European Union. The other document, the European Convention for 
the Protection of Vertebrate Animals Used for Experimental Purposes (ETS 
123) was passed by the Council of Europe, which comprises 47 member states. 
The focus of this organization is on social and cultural cohesion. The premise of 
this document is that humans have a moral obligation to respect all animals. 
While not all the member countries have ratified this document, our country did. 
Therefore, in Holland we obey both protocols. 

An overview of the animals used in the EU from 2005 shows that most are 
rats and mice as well as some cold-blooded animals. Very few nonhuman pri-
mates are used. Research on nonhuman primates is still allowed in the Nether-
lands, but it is not very common. In the Netherlands, about 50 percent of animal 
studies are for fundamental research or education; the other 50 percent are for 
testing pharmaceuticals, vaccines, or other toxicity tests. In total, there were 
about 600,000 animals used in 2006. In the EU the total was 12 million in 2005; 
worldwide, it was 100 million to 150 million animals, which is a large number.  

Most countries in the EU have signed on to those two documents. But as 
has already been discussed, Europe is divided on these issues. Some member 
states have refined the rules to make them more stringent; among those are the 
UK, Germany, the Scandinavian countries, and the Netherlands. The Nether-
lands has its own animal welfare law as well, which was passed in 1977 and has 
been updated since. According to this Dutch law, I am obligated by my institute 
to submit all new projects. They must be reviewed by the ethical commission. 
When the project is granted, all individual experiments need to be reviewed as 
well. So there is very good oversight. (I must provide documents for the US 
projects to the NIH. I have an assurance based on time; mine is for four years, 
which is the duration of the project. We have not had a site visit by NIH.) 

So what is in the additional law? Nobody is allowed to do animal experi-
ments unless the institute receives a license from the minister of health. Scien-
tists are obliged to ask permission from the IACUC, otherwise we cannot do an 
experiment. The members judge whether the use of animals is legal, ethical, 
[and] justified, the number of animals proposed is appropriate, measures are 
taken to alleviate pain, and so on. Animal studies are prohibited when there is an 
alternative with respect to the 3Rs—there are no exceptions. Studies with great 
apes are prohibited, [but] experiments with other nonhuman primates are still 
possible. 

We have three levels of education on responsibilities for people who are 
involved in animal studies. We have the Article 9 officer, who is a scientist who 
took a course in animal studies, including statistics; this course only takes three 
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weeks. The Article 9 officer designs experiments, which are assessed on their 
scientific content by an institutional scientific committee. The study design is 
assessed on ethical merits by the Article 14 officer and is approved by the 
IACUC. 

Then we have the Article 12 officer, who is an animal technician and has 
had a complete study on animal handling, animal anatomy, autopsy, and so 
forth. The duration of this study is three to four years. Article 12 concerns all 
animal handling, including breeding, maintenance, critical surveillance, autop-
sies, and euthanasia. 

Finally, we have the Article 14 officer, who is an animal welfare officer 
with an academic education in a biological discipline and postdoctoral training 
in laboratory animal sciences. This person is not, per se, a veterinarian in our 
country, but is involved in all ethical and animal welfare issues. 

We are not allowed to let the animals die when they suffer, particularly in 
the longevity studies we are doing. We have criteria defined as to when we need 
to kill the animals. Those criteria are when there is extensive weight loss (10-
20% of the total weight within two weeks); when there are changes in behavior, 
such as lower mobility or hunched back; cyanosis; and tumors or ulcers. The 
final decision on euthanasia is made by the pathologist after consultation with 
the Article 14 officer. The Article 12 officer euthanizes the animal. 

At the end of the animal’s life, we prepare an animal welfare book de-
scribing animal discomfort, if any. This report goes to the legislated inspection 
services for review, and information is used to adapt for future experiments. 

What does this mean for aging studies? One of the parameters of these 
studies, of course, is determination of the lifetime of the animals. This is a cru-
cial parameter. However, when animals suffer—for example, when they develop 
ulcers or tumors—they need to be euthanized…. The Netherlands does not per-
mit keeping the animals alive under those conditions. 

In housing, it is not permitted to keep the animals solitary. However, when 
the animals get older and older, every now and then there will be only one ani-
mal in a cage, but because that is not allowed, buddy animals must be added. 

The question, of course, is, Do the animals live for shorter times in our 
hands? We do have one advantage in killing the animals earlier in that we can 
obtain more end-of-life pathology, and we can determine their causes of death. 
However, the survival is worse. 

The survival curve of C57BL/6 female mice shows that 50% survival is 
approximately 110 weeks; the survival curve of the XPD female mice with an 
accelerating aging phenotype shows a shorter survival compared to the C57BL/6 
mice. According to the literature, C57BL/6 females typically live between 110 
and 115 weeks and in our lab, the survival was about 110 weeks. Therefore, 
even with the requirement for humane endpoints, the survival did not differ sig-
nificantly from that of animals who were allowed to die naturally. 

Based on these longevity studies I conclude that under our conditions we 
can still do reliable studies and that the studies are comparable to those of oth-
ers. Euthanasia is not a restriction. Therefore, although restrictions concerning 
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animal welfare are more stringent in our country as compared to the US, I be-
lieve that the outcomes of our experiments are equally valid. Given the regula-
tion, there is no restriction on the types of research or toxicology testing we do. 
We can do the studies we want, provided we go to the ethical commission. And 
our research is still competitive, given the fact that we get some financial sup-
port also from the US.  

Given all of these points, I believe that we should take animal welfare into 
account. It does not compromise the experiment and it is beneficial to the ani-
mal. 

Finally, I would like to mention our collaborators on the many projects, 
both nationally and internationally. I acknowledge the collaborators on our can-
cer studies in the Netherlands, at the University of Amsterdam and Leiden, and 
those on our aging studies at the Erasmus University in Rotterdam. In the US, 
we collaborate with the Cancer Center at MIT, M.D. Anderson, and the Univer-
sity of Cincinnati. We are intensifying our collaboration with the National Insti-
tute of Environmental Health Services, to develop alternative tests for the Na-
tional Toxicology Program (NTP) for carcinogenicity testing. We collaborate 
with the Albert Einstein Institute in New York, Lawrence Berkeley Laboratory, 
and the University of Texas on aging studies. Our financial support comes both 
from the EU and from the US with three NIH grants. 
 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

67 

TRAINING AND EDUCATION 
 
 

Charles River: A Model of International Training 
 

Marilyn Brown 

 
I would like to thank ILAR for inviting me to speak today. I would also 

like to recognize my coauthor, who is in the audience today, Sari Tuominiemi. 
Unfortunately, I have to leave after my talk; Sari has agreed to sit in for me in 
the panel this afternoon. 

We have heard before about general principles; we have heard about the 
Interagency Research Animal Committee (IRAC) principles. I think the IRAC 
principles probably were taken from some of the CIOMS (Council for Interna-
tional Organizations of Medical Sciences) principles, which you have also heard 
about. One of those principles is: “Because of differing legal systems and cul-
tural backgrounds there are varying approaches to the use of animals for re-
search, testing, or training in different countries. Nonetheless, their use should 
be always in accord with humane practices. The diverse approaches in different 
countries to the use of animals for biomedical purposes, and the lack of relevant 
legislation or of formal self-regulatory mechanisms in some, point to the need 
for international guiding principles elaborated as a result of international and 
interdisciplinary consultations.”1 You will notice, in talking about diverse ap-
proaches, it does not say that they are deficient approaches. I think it’s important 
for us to realize that there are multiple ways that we can approach something. 

The Guide certainly recognizes the importance of performance standards. 
We have been hearing about performance standards again and again today. The 
above quote emphasizes the need for international guiding principles generated 
by international interdisciplinary consultations. I consider this meeting to be one 
such consultation that will get us where we want to be. I think that our goals are 
really similar, regardless of our approaches—that is, the goal of high-quality 
research done in the most humane way possible. 

                                                 
1CIOMS International Guiding Principles for Biomedical Research Involving Animals 

(1985) (www.cioms.ch/publications/guidelines). 
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Training and education are really the cornerstone of effective performance 
standards. Such training is going to be based upon: 
 

 Legislation. 
 The needs of the institution: This includes the types of research or test-

ing that is being done as well as the resources of the institution. For instance, if 
you have access to the Internet, you will have access to different types of train-
ing materials and training opportunities that you might not have otherwise. 

 The needs of the individuals: What types of procedures are they going 
to be conducting or performing? What is their previous training and experience? 
What are the cultural factors and learning styles that are involved? 
 

The ILAR Guide for the Care and Use of Laboratory Animals discusses 
training. Examples of some of the types of training resources that are available 
include the Canadian Council on Animal Care (CCAC) guidelines, the 1991 
ILAR report on developing training programs, and FELASA training guidelines 
for various levels of individuals.2 I would like to draw your attention to the 
ICLAS International Harmonization of Guidelines on Animal User Education 
and Training in Laboratory Animal Care and Use. We heard previously that for 
the last couple of years ICLAS has been working on harmonization guidelines. 
This is one that I believe was just recently approved by the ICLAS board and 
hopefully will be published so it will be available for everyone soon.3 

The components of a training program should include regulation, the roles 
and responsibilities for all individuals involved (and this includes the IACUC or 
ethics committee), ethics and the 3Rs, experimental design and the influence of 
nonexperimental variables, recognition and minimization of pain and distress, 
euthanasia, principles of animal care, and study- or species-specific characteristics, 
procedures, techniques, and practices. Like any good training program, there 
should be some way of assessing the training, assessing competence, and then, of 
course, documenting training, because, as we all know, if you don’t document it, it 
didn’t happen. 

As in developing any training program, you must understand your audi-
ence. This includes understanding the structure of the animal care and use  
program. You need to develop an appreciation for the culture of the audience. 
This includes the culture’s attitudes toward training—there are different ap-
proaches to training—and the attitudes toward animals. You also need to under-
stand the current level of knowledge and have a sense for the audience’s ability 

                                                 
2Available online at www.ccac.org; Education and Training in the Care and Use of 

Laboratory Animals: A Guide for Developing Institutional Programs (NRC 1991; avail-
able at www.nap.edu); FELASA Recommendations for Education and Training (www. 
felasa.eu/recommendations) 

3Published online in June 2010 (www.iclas.org/Document/Ethical%20review%20-
%20training%20article%20for%20Laboratory%20Animals%20-%20Official%20DOC% 
20Juin%202010.pdf). 
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to use or incorporate that knowledge. You need to keep your approaches flexi-
ble, but your goals firm. Your goal is to ensure the humane use of animals and 
quality research. 

What do I mean by structure? We have heard about this a little bit today. 
For example, in the United States, the role of the veterinarian is pretty clearly 
spelled out in the Animal Welfare Act and the Guide for the Care and Use of 
Laboratory Animals. In addition to providing veterinary medical care, the vet-
erinarian is charged with oversight of animal husbandry, nutrition, sanitation 
practices, zoonosis control, and hazard containment. 

The role of the veterinarian in other countries may differ, particularly if 
the level of education and experience is substantially different. Such is often the 
case in non-Western countries. Western laboratory animal experts touring Chi-
nese facilities recently reported that veterinarians may have only an undergradu-
ate Bachelor of Science degree, with little concept of laboratory animal medi-
cine as we know it. But they also noted an enthusiasm and commitment to 
learning, which has been referenced earlier today. 

Initially, I think, veterinarians in China [and other Eastern countries] 
would be well served to develop open communication and mentoring programs 
with their Western colleagues—again, something that was discussed earlier. In 
addition, newly created distance learning programs offer opportunities for 
growth.  

The role of the IACUC and ethics committee may also vary. The impor-
tance of these committees has been recognized as a global standard, and the im-
portance of animal care and use oversight has also been recognized. As such, 
even if there is no regulatory requirement for such a committee, many compa-
nies will require such a committee if they have facilities in these locations. As 
we heard from Dr. Landi, companies may require such a committee if they are 
going to do collaborations. In fact, at the First Shanghai Animal Welfare Forum 
on International Standards, held in March of 2008, several laboratory animal 
experts who visited China were very impressed with the IACUCs and ethics 
committees that they observed. However, as with the attending veterinarian, 
there was some concern about the level of actual authority of the committee. 

I think this concern can be addressed through a combination of training, 
institutional commitment, and policy. I think the fact that the Guide discusses 
the role of the institution in ensuring that people are appropriately qualified or 
trained if they are going to be using animals adds emphasis to this responsibility 
and should help ensure the IACUC’s role. Although the exact roles and respon-
sibilities of the key personnel of an animal care and use program may vary, it’s 
important that the roles and expectations of all parties are well documented and 
well understood. 

The importance of understanding the culture of your audience cannot be 
overemphasized. To develop a training program, you must understand the cul-
tural attitudes and approach to training. For example, in China, the Confucian 
way of learning has been practiced for centuries. This method leads to differ-
ences in knowledge acquisition and application, and relies a great deal on read-
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ing and memorization and practical application of what was learned. This can be 
enhanced with visual learning in which there is a repetition of practical exam-
ples. The Confucian way of learning is particularly well suited for learning steps 
of the process, such as learning an SOP. However, to be fully effective for  
animal care and handling, this must be accomplished by well-mentored, hands-
on training.  

In many Eastern cultures, the importance of saving face must also be con-
sidered when training. As in all cultures, when correction is needed, you may 
criticize the way a task is done, but you have to do so diplomatically, preferably 
in an impersonal way, and very carefully. You should avoid criticizing persons, 
particularly in front of others. The proposal method—“How about doing it this 
way instead of that way?”—is an alternative way of helping someone under-
stand a different mechanism of performing a task. 

The trainer also has to be aware of a cultural reluctance to speak up if a 
point is not understood or if someone thinks something is wrong. Frequent, 
open-ended questions can help develop topics and help ensure that they have 
been understood. Asking individuals to propose solutions to problems or events 
is another way to help ensure understanding and help individuals practice the 
concept of being comfortable speaking up. 

It helps to determine the existing level of knowledge as well as the ability 
of the individual to apply that knowledge. 

Another important cultural component to consider is the general cultural 
attitude toward animals. Globally, these attitudes have changed over time. In 
fact, they continue to change all the time, as humans and our standards of living 
have changed. In societies where providing humans with adequate sanitation and 
nutrition is problematic, it is more difficult to make the case for the importance 
of providing those for animals. However, the drive to modernize should not be 
underestimated. Many countries actively seek to assure the public and busi-
nesses of their understanding of animal welfare, and they do understand the im-
portance of animal welfare to global reputation in the biomedical field. 

Technical training is relatively straightforward and can be accomplished 
by providing detailed written guidelines, which can be read and memorized in 
the Confucian tradition. Competency can also be relatively easy to assess. Atti-
tudes toward animals are more difficult. It can be useful to include a culture of 
caring, humane care and use of animals as part of a person’s written job respon-
sibility. It helps to raise awareness of the importance of animal welfare and 
helps people understand that this is actually a duty. You will find that in many of 
these countries, the fact that it’s a duty helps to raise people’s awareness and 
provides some assurance of behavior. Many cultures are very sensitive to the 
idea of duty. Speaking up about something that is perceived to be wrong is also 
an example of something that you can say is a duty. 

Repetition on the subject of gentle handling, respect, and minimizing the 
potential of pain and distress and the intrinsic value of animals is also recom-
mended. 
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When Charles River decided to open a contract facility in China, it was 
not done to try to avoid any regulations or standards but rather, as we heard ear-
lier, to meet the needs of a burgeoning research community that is responding to 
the health needs of a rapidly growing country. Maintaining our key corporate 
value of humane care of all animals produced and used in our facilities was al-
ways a key point. Also important was providing quality research and testing for 
the biomedical research community. To do this, we used a concept of knowledge 
transfer through participation in activities. This is sometimes referred to as the 
transfer of tribal knowledge. 

To prepare us for this, we used intensive cultural training, to help us be 
most effective and sensitive to our Chinese colleagues. We had key staff from 
our new Shanghai facility spend one or more three-month rotations at our site in 
Montreal. These individuals were embedded in the day-to-day activities and 
were involved in both hands-on experience and decision making. In addition, 
key qualified individuals from Montreal have spent or are slated to spend one or 
more three-month rotations in Shanghai. Some individuals are going to spend 
two to three years at the site to help oversee the development of our corporate 
culture for quality and animal welfare. 

This knowledge transfer allows us to more easily teach attitudes. It fosters 
personal connections and trusted relationships that are important in all cultures. 
It allows for immediate assessment of understanding and can more readily ac-
commodate different learning styles. Although labor-intensive, we believe that 
this will lead to a stronger program. 

We have internal animal welfare modules that cover such topics as euthana-
sia, reporting concerns, and species-specific training, which focuses on how an 
animal’s biology, physiology, anatomy, and so forth, create specific husbandry 
and handling needs, and how handling affects animal welfare in that species. 

In addition to this internal training, personnel from the Shanghai site have 
attended regional meetings, such as the First Shanghai Animal Welfare Forum 
on International Standards and AAALAC’s accreditation process, as well as 
international meetings such as IACUC 101 and 201 in the US and the Charles 
River Short Course. This September, there is a joint workshop in Shanghai with 
CCAC and the Shanghai Animal Commissioning Agency. We also have ensured 
that personnel in key leadership roles, such as the attending veterinarian, the 
IACUC chair, and the operations manager, have extensive experience with pro-
grams such as those recognized by AAALAC. 

As with all our animal care and use programs, there is a system of checks 
and balances in place to ensure adherence to the quality and humane care we 
expect. In addition to various standard regulatory audits and inspections, the 
Shanghai facility is in the process of pursuing both CCAC and AAALAC ac-
creditation. Sponsors also make regular and thorough site visits. We also have a 
program of internal corporate audits, which look at all aspects of the program, 
including animal welfare. Of course, there is corporate review of all IACUC 
semiannual reviews from all Charles River sites. 
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In summary, animal research in different countries and different cultures 
may be different, but this does not mean deficient. I believe that the challenges 
of animal research in a global environment can be met using training and educa-
tion. Meeting the challenges requires sensitivity and institutional com-mitment 
to doing it right. High-quality research and testing and animal welfare can be 
achieved at many geographic locations. Doing animal research in a different 
culture does not mean doing animal research using lesser standards. Flexibility, 
with a clear eye on humane care and quality research, is required. 
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The FELASA Training Program 
 

Patri Vergara 

 
The purpose of this conference is to discuss and address challenges in 

animal research in a global context. Education and training are closely linked to 
quality of performance. Two important features characterize biomedical re-
search nowadays: the number of countries where research is done is continu-
ously increasing and there is a global exchange of research results and of scien-
tists. This creates two important challenges for education and training: an 
increasing demand for training, especially from emerging countries, and the 
need to establish globally accepted systems of accreditation. The Federation of 
European Laboratory Animal Science Associations (FELASA) has been focus-
ing on (1) defining categories of personnel working with laboratory animals; (2) 
defining guidelines for the education and training of each category; and (3) de-
veloping a FELASA accreditation system, to ensure that courses comply with 
FELASA guidelines and are of a high standard of quality. 
 

Personnel Categories as Defined by FELASA 
 

FELASA has identified four categories of competence for personnel work-
ing with laboratory animals (FELASA 1995), which have been adopted by the 
Council of Europe and have therefore become a standard in Europe:  
 

Category A, persons taking care of animals;  
Category B, persons carrying out animal experiments;  
Category C, persons responsible for directing animal experiments; and  
Category D, laboratory animal science specialists. 

 
Categories A and D personnel are professionals devoted to laboratory ani-

mals, while personnel in Categories B and C are professionals from different 
specialties who design and conduct experimental procedures with animals. The 
training for Categories A and D focuses on the development of a professional 
career, and the training for Categories B and C provides the training necessary 
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for the correct use of animals in research based on the 3Rs principles of re-
placement, reduction, and refinement. 
 

FELASA Guidelines 
 

The FELASA modus operandi is the establishment of working groups 
with experts from the associations that compose FELASA to define the guide-
lines, taking into account the diversity in Europe, and to promote high standards 
to promote good science and to fulfill the ethical demands in the use of animals 
that society and the European legal system require. 

From 1995 to 2000, FELASA published guidelines for the education and 
training of each category of personnel (FELASA 1995, 1999, 2000). These 
guidelines are easy to find on FELASA’s website (www.felasa.eu) and they 
have also been translated into other languages (e.g., Spanish, www.secal.es). 
 

Category A  
 

The guidelines for FELASA Category A are under revision. However, ac-
cording to current discussions in the working group, the main characteristics of 
this training will be three, instead of four, levels of training: A0, for new per-
sonnel taking care of the animals, this minimum training will consist of a short 
course of around 20-30 hours; A1 and A2 are more advanced levels and will 
require several years of training involving a combination of theoretical, practi-
cal, and hands-on training at work. A0 training will be able to be easily adopted 
by developing countries while A1 and A2 programs will be designed to fulfill 
the requirements of countries with a more developed animal welfare system. 
 

Category B 
 

This training is for animal technicians and laboratory technicians who 
conduct experimental procedures with animals. In some countries novel re-
searchers (e.g., PhD students) are also included in this category. 

FELASA (2000) guidelines recommend a 40-hour course with 50% of 
practical training supervised by accredited personnel. The practical content can 
be tailored to the trainee’s specific needs. Additional training will be necessary 
if the person needs to perform new experimental procedures.  
 

Category C 
 

For this category, FELASA (1995) requires the trainee to have a university 
degree that includes sufficient knowledge of animal biology. The specific train-
ing is acquired by way of a postgraduate course of 80 hours or equivalent. The 
syllabus must include the following topics: 
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 biology and husbandry of laboratory animals 
 microbiology and disease 
 health hazards and safe practices in the animal house 
 design and conduct of animal experiments 
 anesthesia, analgesia, and experimental procedures 
 alternatives to animal use 
 ethical aspects and legislation 
 analysis of scientific literature 

 
In some countries this training is achieved in two stages: a Category B 

training course at the initiation period, followed by a complementary module 
when the researcher is going to be responsible for the design of the experiments 
(scientist).  

A comprehensive 80-hour course is becoming the standard in the majority 
of European countries. This training is provided when a postgraduate initiates 
his/her research career (e.g., a PhD).  

In addition, Category C training is in high demand by scientists in emerg-
ing countries. ICLAS and FELASA and other European bodies have supported 
this training in several regions of the world: Southern Europe (early 1990s), 
Eastern Europe (late 1990s), Latin America (late 1990s), and more recently in 
Africa. In these cases the course has to have a broader perspective and be ad-
dressed to both scientists and personnel responsible for animal facilities. Experi-
ence has shown that the best results for continuity are obtained when: 
 

 local professionals are incorporated as teachers,  
 professionals who could take responsibility for teaching specific topics 

in future editions of the course are included as students (training the trainers), 
and  

 only partial support is provided so that local agents, the student, and 
his/her institution are jointly responsible. 
 

Quite frequently, the course is implemented with the financial support of 
an international body. Around $2,000-$5,000 per course per 20 students is the 
average financial support necessary to promote this training. 
 

Category D 
 

For this category, FELASA (1999) guidelines propose specialized post-
graduate training of two years of full-time study or equivalent part-time (includ-
ing 6 months for a research project). The background training required is a vet-
erinary or other university degree with similar competence in animal biology 
and welfare knowledge. 
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This program is included as a requirement for veterinary specialists who 
hold the Diploma of the European College of Laboratory Animal Medicine 
(DipECLAM). ECLAM also requires further training on veterinary care.  

To provide and/or obtain Category D training is a real challenge even for 
the well-established European universities and it becomes almost impossible 
for professionals working in emerging countries. The most common problems 
are: (1) it is expensive and the training lasts a long time, (2) it requires contact 
with high-level facilities and professionals who are often not available in the 
country, and (3) it is preferable that the trainee stays in his/her job/country 
while receiving the training. Therefore, improving access to specialized train-
ing for professionals who are responsible for the growing number of animal 
facilities around the world must be a goal both for international bodies (e.g., 
IACLAM, ICLAS, and FELASA) and for the private companies that employ 
this type of personnel.  

Possible solutions are (1) to create an international fund for training, 
supported by IACLAM, ICLAS, and others and also by private companies; (2) 
to arrange the existing programs (mainly in Europe and North America) in a 
modular way or to facilitate online distance learning; and (3) to develop tutor 
supervision of hands-on training. All these measures will facilitate access to 
high-quality training for professionals from emerging countries. The fact that 
the trainee can apply the acquired knowledge in an immediate way will sig-
nificantly increase the quality of science globally. 
 

FELASA Accreditation 
 

Accreditation systems have demonstrated that they are an important fac-
tor in improving standards. For this reason FELASA established an accredita-
tion system of teaching and training in laboratory animal science. The guide-
lines to fulfill FELASA accreditation have been published (FELASA 2002) 
and an Accreditation Board was established in 2003; details and application 
forms can be found at FELASA’s website. This accreditation system is not 
limited to training based in Europe. 
 

Conclusions 
 

The current globalization of animal research is an excellent opportunity, 
but we need (1) to establish financial support systems for both training pro-
grams and personnel, (2) to promote training in countries with emerging de-
mand, (3) to support the continuing education of professionals worldwide, and 
(4) to use existing international professional organizations (e.g., FELASA, 
IACLAM, ICLAS) to provide accreditation and validation of the training. 
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Animal Research in a Global Environment:  
Meeting the Challenges 

 
John Baldoni 

 
Good morning, everyone. It is a pleasure to be here. I thank the organizers 

for the invitation. 
It is really humbling for me to be here because I am not in your field. I am 

a chemist by training, have moved through the pharmaceutical industry in vari-
ous jobs, and now head up a group [at GlaxoSmithKline] called Preclinical De-
velopment.  

I thought for this talk I would go through a bit of scene setting first, de-
scribe what it is to work in a core function such as preclinical development in 
the pharmaceutical industry. Give you some examples of the challenges to drug 
development on a global footprint on a generic basis, not only in terms of the 
care and use of animals but also both in geographic terms and what it takes to 
develop a drug. Finally, I am going to try to translate that to some of the re-
sponses that we have implemented to these challenges relating to animal usage 
in R&D at GSK.  
 

Background on GlaxoSmithKline 
 

First, I would like to give a little perspective on GlaxoSmithKline. GSK is 
a multinational company with a goal to improve the quality of human life by 
enabling people to do more, feel better, and live longer. All pharmaceutical 
companies have a goal and aspiration such as this. This is the reason to operate. 
This is the hope of every company that develops medicines: to make people bet-
ter and to give people hope and to enable them to do more things in their lives. 

At GSK we have around 100,000 employees; the number is fluctuating all 
the time. You read the newspapers. There are changes all over in the pharmaceu-
tical industry, and GSK is not immune to them. We have roughly 15,000 people 
in research and development on more than 20 sites in 10 countries at this point. 
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Our R&D organization is a little bit different from many. That is one of 
the challenges that we have in GSK that others may not have. We have thera-
peutically aligned centers of excellence for drug discovery (CEDDs) in Europe, 
in the United States, and in China. So you begin to see the geographic diversity 
of our R&D organization. 

In each CEDD there are multiple discovery units, which focus on specific 
biochemical pathways or specific biological targets. Sometimes it is a biochemi-
cal pathway and trying to intervene in that pathway, and sometimes it is a very 
specific protein that we are trying to design a molecule to modulate. 

There is extensive externalization at GSK via partnerships with biotech-
nology companies. This has been much publicized in the popular press, regard-
ing GSK strategy and externalization. I am going to get a little bit more into that. 
It is one of the dynamics that is important for us to consider and perhaps for you 
to consider when you think about your remit in this organization. 

We have a very clearly stated strategic intent: to globalize our research. 
We have acted on that strategic intent tactically, where we have set up a fully 
integrated functional R&D organization in Shanghai, China. The intent of that 
organization is not to develop drugs for China but to develop drugs for the 
world. The organization was set up in June of last year (2007). By June of this 
year (2008) we had over 270 employees in that research laboratory in a new 
building and construction of an additional building.  

I am giving a perspective on GSK. Any global major pharmaceutical com-
pany now will have a similar story. But we are not typical. There are other phar-
maceutical companies looking at how we organize, and going from big R&D units 
to small R&D units, essentially taking advantage of the wisdom of a crowd of 
discovery units as opposed to that of a single monolithic discovery unit. 

With regard to our R&D units, there is a great deal of complexity related to 
the core processes that we use in conducting our work and delivering our products. 
We have an extensive network of research facilities in the UK, three in the US, 
France, Poland, Croatia, Italy, Spain, Singapore, Shanghai, and Canada. This cre-
ates opportunity for us to take advantage of the science occurring in these geo-
graphic regions. For example, our interest in Croatia was a very specific platform 
that we felt would transform our ability to address a specific disease. We bought a 
company in Croatia and have made them a bit entrepreneurial. They are now ex-
ploring opportunities to address a specific disease target.  

Not all of these sites are fully integrated from discovery all the way 
through commercialization. The UK sites are, but the Ireland site is not. Italy is, 
but Spain isn’t.  
 

Trends in the Pharmaceutical Industry 
 

There is a mix in a pharmaceutical organization, a confluence of behaviors 
and attitudes and regulations and cultures. A modern pharmaceutical R&D or-
ganization is always going to be driven by innovation and risk taking. This is 
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because the regulators around the world have clearly told the pharmaceutical 
industry, “We want different kinds of medicines. We don’t want medicines that 
are incremental and expensive; we want medicines that are transformational and 
cheap.” This is a big change for the pharmaceutical industry, which in the past 
has been supported by products called line extensions. If you look at the names 
of drugs and see XR or CR or something like that after the name, it typically 
indicates a line extension. These extensions create benefit for the patient, but 
they don’t often affect the therapeutic outcome, sometimes they just provide 
dosing convenience. Many are now questioning the relevance of line extensions. 

Scientific rigor is absolutely paramount—without it we are not going to 
get those transformational ideas. We now assess the risk of developing a drug 
from a biochemical pathway target, all the way through to the animal model, all 
the way through to the manufacturing, all the way through the commercializa-
tion and the system to distribute and sell the drug.  

Our ability to sell a drug 15 years from now depends absolutely critically 
on the scientific rigor used to identify a target and its pathway, and picking the 
right molecule to affect the target. Three simple questions: Is it the right target? 
Is it the right pathway? Is it the right molecule? The answers to those three ques-
tions cascade a series of events that ultimately cost over a billion dollars today. 
 

Declining Productivity 
 

There has been a lot in the literature about the productivity of modern 
pharmaceutical R&D organizations. There have been fewer new drug approvals 
in the last few years than in the previous ten. A lot of money is being spent in 
pharmaceutical R&D, and all that money has generated a huge benefit to soci-
ety. But the financial consequences of that benefit to companies are dropping off 
very quickly. Within the next four years, over $200 billion of pharmaceutical 
sales will be lost to generics, it is a big number. Those generic drugs are going to 
be much cheaper and they are going to be very effective. The next generation of 
drugs that pharmaceutical companies are developing has to be better than those 
and to answer different questions, with a different safety profile and with more 
efficacy. 

R&D has to increase its productivity to give us more meaningful medi-
cines. I want you to think about entrepreneurism here, and entrepreneurial spirit. 
In almost all R&D organizations now, they are talking about entrepreneurism. 
Looking at the biotech industry in the United States, on the East Coast and the 
West Coast, there is a lot of entrepreneurial spirit. There is a lot of success. 
[Companies there] break through barriers, they do things differently, faster, and 
cheaper. They leave huge gaps in their programs that have to be filled later, but 
at the end of the day you know whether you have a meaningful medicine, and 
you can invest very heavily in that meaningful medicine and fill the gaps later. 
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Increasing Externalization 
 

The trend is to be geographically diverse: “Go to the science.” GSK has 
made a decision that we are not going to bring the science to us, to our sites, to 
our geography; we are going to go where the science exists. So we made deci-
sions to go into Croatia, into China, and we continue to do that. We have pur-
chased companies in Boston and we have left them in Boston. We purchased a 
biopharmaceutical company in Cambridge, England, and we left it in Cam-
bridge. We didn’t put it into one of our five sites in England. We are leaving the 
science where it is developed. That creates more diversity in culture, more di-
versity in behaviors, and we have to ensure that the core principles in our com-
pany encompass those people and bring them into using our core principles. I 
will talk more about that as it relates to animal use. 

At GSK, we are exploring our pipeline in different ways. We have in-
house expertise; we are partnering externally extensively; and we are going with 
virtual drug development companies, people who have ideas. We buy the idea 
and they develop the drug on the outside. That is virtualization.  

Externalization means that there is a company out there that has a mole-
cule or a biochemical target that we don’t have. We are paying them to explore 
that target, and when they give us a reason to believe, we will buy that molecule 
back from them. 

At GSK in the past, I would say 80 percent of our work was done in-
house. In the future I would say more than 50 percent of our work is going to be 
done externally—externalization and virtualization. 
 

Maintaining Quality with Simplified Governance 
 

Empowerment is a word that I want you to think about as it relates to the 
care and use of animals in R&D, against that geographic background. We are 
empowering our people that run or work in these units, which define the strate-
gies for success. If their strategy for success is to use an internal chemical de-
velopment group to synthesize their drug, they can do that. If their strategy for 
success is to externalize synthetic chemistry to a contract manufacturer in China 
or India, they can do that. 

What they can’t do is negate the quality standards or the core principles of 
our corporation. So there is a diligence that we have as a company to ensure that 
as we discover and develop drugs we don’t go outside the boundaries of our core 
principles or our quality standards in developing drugs anywhere in the world.  

Simplified governance falls under empowerment. We are doing away with 
a lot of review bodies in GSK but keeping key ones. Those retained ask ques-
tions like where is the quality in the product, what is the animal model, how are 
you ascertaining the efficacy of the drug. I already talked about integrating qual-
ity into the drug discovery and development process. It is paramount. It is abso-
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lutely critical that we have quality at every level, from the biology to the chemi-
cal manufacturing controls to the regulatory to the clinical trials.  

The industry as a whole is moving very quickly away from industrializa-
tion. Industrialization was a platform approach, a checkbox approach to devel-
oping drugs. If a machine can make 50,000 compounds a day, I am going to 
make 50,000 compounds a day. If I have a machine that can screen those 50,000 
compounds against 200 biochemical targets, I am going to take 50,000 com-
pounds and screen them against 200 biochemical targets a day. This process 
generates data that would fill unbelievable computers.  

But it hasn’t been successful. Over the last ten years during this industrial-
ized pharmaceutical R&D we have gone through a nadir in productivity of new 
drugs in the pharmaceutical industry. To varying extents, many pharmaceutical 
companies are now deindustrializing their processes and going to a judgment-
based approach, putting smart people on a narrow focus to address the issues at 
hand in their biochemical pathway or their biochemical target, and design mole-
cules very selectively. 

Against geographic diversity, with all of its political and cultural diversity 
of behaviors and attributes, you can see there is a storm brewing here in the 
pharma world. 
 

Preclinical Development at GSK 
 

I am going to shift now and tell you a little about my department—it is 
one of those core functions that enable a lot of the stuff to happen. Then I am 
going to talk a bit about some of the challenges that we see and our responses to 
those challenges. 

As I said before R&D in GSK is set up with discovery units. On the front 
end of those discovery units we have machines that generate reagents, bio-
chemical targets, proteins, and we work with the discovery scientists to come up 
with cell-based assays, to test their hypotheses. That is called molecular discov-
ery research in GSK. 

On the back end we also have some major functions, one of which is pre-
clinical development. Behind that is clinical development and behind that is the 
office of the chief medical officer, and behind that is regulatory and compliance. 
There are lots of layers of big engines in a major pharmaceutical company. 

The one I am most interested in and the one I am most proud of is pre-
clinical development. In preclinical development we have five major depart-
ments: drug metabolism, which investigates the absorption, distribution, me-
tabolism, and excretion of our molecules; pharmaceutical development, which 
develops the dosage form and the manufacturing processes for those dosage 
forms; safety assessment, which assesses the hazards and identifies the risks of 
molecules; chemical development, which actually makes the drug substance and 
scales it up and transfers it to factory; and laboratory animal sciences, which you 
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heard about yesterday from Margaret Landi, whose group ensures the care and 
ethical use of animals in R&D in our company. 

Preclinical development spans the whole drug development process, en-
compassing research, development, and commercialization—from the target, 
lead candidates (the hundreds of molecules that might be drugs) selection of a 
candidate for development, and then first time into humans, first proof of con-
cept, safety and efficacy trials, filing for approval, and commercialization. To 
varying degrees each one of those five departments spans the whole drug devel-
opment process. In GSK about 4,000 out of 15,000 employees work in this core 
function called preclinical development.  

In preclinical development, we take scientists’ ideas and translate them 
into a chain of events that results in the conversion of the idea to a drug sub-
stance in chemical development, to a drug product in pharmaceutical develop-
ment. We distribute those supplies for clinical trials around the world, which 
then get into patients’ hands in very controlled settings in order to ascertain the 
safety and efficacy of our drugs in an experimental basis.  

We do this using two different processes. One is to understand the risks 
from a biological perspective, which involves in vitro work, and to understand 
how our drug behaves in in vitro systems and ultimately in in vivo settings. Pre-
clinical in vivo studies involve conducting animal model efficacy studies with 
discovery scientists, regulatory-required preclinical studies required to demon-
strate the safety of a molecule and, importantly, investigative toxicology studies, 
which constitute a lot of what we do. The drug development process is fraught 
with a lot of surprises, and a lot of them are manifestations of toxicity. The rele-
vance of those toxicities in humans has to be investigated prior to human testing, 
thus a lot of investigative toxicology studies. 

The other pathway is to deliver the product from the chemistry and phar-
maceutics perspective. We develop the physical product that you hold in your 
hand, whether it is a tablet, an inhaler, an ointment, or a cream or the like. We 
transfer that to manufacturing and ultimately it is that product that makes people 
feel better, live longer, and do more things.  

So that is a picture of what we do in preclinical development, at a very 
high level. It is not that simple. It is a very complex process—both of these 
pathways are among the most regulated processes in the industry. 
 

Challenges of Globalization 
 

Now I will talk a little about the challenges to R&D. In looking at a pic-
ture sent to me by Margaret Landi and Jeff Everitt, I saw this sky and asked why 
the sky is red? It is either a sunrise, which may be the dawn of a new era for 
pharmaceuticals, or it might be a sunset, which I hope has no metaphor for 
pharmaceuticals. Then I thought I would take a realistic approach. This is a fire-
storm and the sky is red because the world is changing in the pharmaceutical 
industry. So this is the metaphor I am going to use here. I think when that fire-
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storm is out, it is going to be a sunrise, and it is going to be beneficial to every-
body, because the whole pharmaceutical industry realizes that it has to change. 

I mentioned meaningful medicines. What are they? To us they are medi-
cines that are affordable, accessible, and sustainable, and that have greater safety 
than current molecules with enhanced efficacy. Affordable and accessible—they 
go together. 

It is great for most of us in this audience from the Western world to have 
access to the most modern and fantastic medicines that make us feel better, that 
make our families feel better, make us better, able to do more things and to live 
longer. 

But we are actually a small population in the grand scheme of things. 
There is a world out there that doesn’t have access and doesn’t have affordable 
medicines.  
 

Access and Sustainability 
 

When you go to the drugstore to get your prescription filled, or when it 
comes in the mail, you get a bottle of 30 or 60 or 90 tablets. When people in a 
developing country get a prescription filled, they say “I have three cents and I 
can buy one pill. So I am going to buy that medicine for today and I am hoping I 
can get another three cents to get that medicine tomorrow and the next day and 
the next day.” That is not accessibility.  

That is a big challenge for us in our industry. It is a challenge that we at 
GSK are taking very, very seriously. At the top, the middle, and the bottom of 
this organization we are thinking about how we can have our medicines be more 
accessible and more affordable. 

What does sustainable mean? It means that when we get a medicine on the 
market and people are expecting that medicine to make them or someone in their 
family feel better, or the person they are taking care of feel better, they have to 
have confidence that that drug is going to be on the market forever. There aren’t 
going to be hiccups in quality that cause a recall. Our company has been burned 
by that; most have. We are getting better and better at that. But it comes into this 
global environment in which we work, and global standards. 

So we have a single quality standard. It starts very early in the drug devel-
opment process. We ensure, as we go through our drug development process, 
that we build quality into our product so that if and when that product launches, 
we have some assurance that it is going to be sustainable in the market from a 
quality perspective. 
 

Transparency and Regulation 
 

There are many stories around the safety of our drugs. As we get more ex-
perience with patients in the real world different safety issues arise, and we have 
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to understand those, we have to react to them, and we have to have programs in 
place to address them. We strive for greater safety. 

The industry is very transparent on this. You can go to websites for every 
pharmaceutical company and look at every drug that is on the market and look at 
the safety reports for all those drugs. There is a lot of transparency. 

I have already addressed the issue of greater efficacy. There is a patient 
need, there is a financial need, and there is a payer need for drugs with greater 
efficacy. 

There are some challenges, though, to creating meaningful medicines. 
There are societal expectations: people expect that with all the money they are 
spending on drugs, the return on that expenditure is better drugs. There is activ-
ism—in the animal world, in the patient world, and in the political world, people 
asking of pharmaceutical companies: What are you doing? How are you doing 
it? Why are you doing it that way? How can we get this done? 

There is also public perception, positive and negative. When people find 
out that I work for a pharmaceutical company, the binary nature of the reaction 
is remarkable. My neighbor comes across the street, “I hear you have got this 
new diabetes drug, is it going to help me?” “Talk to your doctor,” I say. Head-
lines in the New York Times, “Glaxo diabetes drug safety issues.” He comes to 
my door, “What the heck are you doing to me?!” I say “Talk to your doctor.” 

The examples are real. These are real issues that we have to be concerned 
about. If we don’t do things right, we lose our ability to do what we do, because 
people will lose confidence in us and in our industry. That is the worst thing that 
can happen, for them because they will be hesitant to take our drugs which will 
make them better, and for us because then we don’t have a reason to exist. 

On the other hand, with all of these challenges to pharmaceutical compa-
nies, there are some things we can do. We can respond to the social issues. 
There are cultural differences. There are also some hard issues—there are legal 
differences in geographic regions, the regulatory requirements in geographic 
regions are different. The regulatory stringency is ramping up. 

We have a group in R&D called the Good Manufacturing Practice (GMP) 
Quality Council, which I chair. On a quarterly basis, we look at what is going on 
in the world and ask what is going on that is different from what we know now? 
What do we have to do in our quality organization to adapt to that? This isn’t a 
talking session; this is a real conversation session. We are very rigorous on our-
selves. 

As a consequence of what is changing in the world and the geographic ex-
panse and the lack of harmonization in many instances, we are changing our 
quality approach to adapt. The way we were doing this wasn’t sustainable. It 
wasn’t sustainable for us to have a quality standard in R&D that was slightly 
different from the quality standard being used in Cork, Ireland, for example, or 
in Shanghai. So we are reacting to that. 

The challenges to the industry are coming from two areas (this isn’t a 
comprehensive list, I am using examples here). There is the social, the cultural 
part of this, and then there is the hard reality, the legal part. 
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Responding to the Challenges 
 

Those are all things that are putting pressure on meaningful medicines and 
tipping that balance, so to speak, between what we have to do to develop our 
drugs—the innovation, the biochemical pathways and all of that—and what we 
have to do to ensure that we maintain the capability to keep developing drugs. 

If I were to present this as a balance, there are a lot of things that are push-
ing us into the red zone, the danger zone. There are also some things that we can 
do to respond. For example, we can be better at understanding the science. If we 
are better at understanding the science, maybe we can have supportive business 
processes that enhance our ability to build trust. If we build that trust and engage 
shareholders, we will be able to address the social and cultural parts by taking an 
approach that links the science to societal needs, so that people have a reason to 
believe in what we do in the industry. I want to talk about one of these areas as 
an example.  
 

Ensuring Good Science and Animal Welfare 
 

First, this is fundamental: Understand the science, justify the experiment. 
Good animal welfare is absolutely necessary for good science. I don’t think I 
have to tell you that. Some of our studies are conducted over a year, two years, 
and we have to ensure that the variability of the animal does not contribute to 
the variability inherent in a testing of a biological hypothesis. 

We in GSK are now requiring a justification for the rationale for an animal 
efficacy model on a target-by-target basis. What do I mean? If there is a diet-
induced obese model being used to explore diabetes, and one of the biochemical 
pathways they are exploring is insulin sensitization, justify that diet-induced 
obese model. If it is the glucose transporter target, question why are you using 
the same model? Force people to think through the biochemical pathway and the 
relevance to the efficacy model that they are proposing. This creates a lot of 
positive tension in the organization; we are asking people to challenge the past 
and look to the future. Why is the model for insulin sensitization the same as for 
a glucose transporter in the kidney? If it doesn’t make sense, justify it. 

Another area we are addressing is to understand the biological variability 
that could impact the interpretation of the hypothesis to be tested in that efficacy 
model. At GSK we have statisticians working with our biologists to understand 
the variability of the efficacy model and correlate it to the variability required to 
test the hypothesis, both in animal numbers and in the biological response,  

We require a challenge for replacement, reduction, and refinement in our 
review of each protocol. But there are additional challenges coming, too. The 
biopharmaceutical area is emerging—it is going to explode in the next ten years. 
That is going to create new challenges for us. RNA interference entails new 
challenges for us in the use of animals in R&D. Recently we have been getting a 
lot of questions around how we are going to assess the safety risks of nanotech-
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nology. We in GSK have a nanotechnology program and we are thinking that 
through right now. 

Importantly, we invest in platform technologies that underpin our corpo-
rate policy in the use of animals in R&D. What does this mean? We spend 
money exploring technologies that allow us to adhere to the 3Rs and to our core 
principles that Margaret Landi talked about yesterday (I’ll give an example of 
that later). 
 

Implementing Supportive Business Processes 
 

The second response to the challenges is: implement supportive business 
processes. You heard about laboratory animal sciences (LAS) in GSK yesterday. 
It is a global organization. Before we do any work in any site, in any place in the 
world, that group assesses that organization against our policy on the care and 
use of animals in R&D. LAS was instrumental in setting that policy with the 
highest levels, including the CEO of our company. It leads the policy implemen-
tation and adherence to that policy, so there is an audit function to it. It reviews 
internal operations to the relevant standard. We adhere to the most rigorous 
standard where we conduct work—country or corporate standard. 

We evaluate external work done on behalf of GSK, even if GSK isn’t 
sponsoring the work. We set expectations of adherence to GSK core principles 
for those partners performing work being done either on our behalf or in con-
junction with us. If we have scientists working in an academic laboratory doing 
animal work, we assess that academic laboratory for adherence to our core prin-
ciples. LAS drives consensus on best practice around the organization, which 
creates a lot of constructive dynamics and constructive debate in our organiza-
tion. It maintains knowledge and activities in various regions. So, therefore, they 
have to have cultural and legal acumen. This again is a major activity in the dili-
gence group in the LAS organization. 

Importantly, we reward and publicize desired actions and behaviors. I will 
give you a couple of examples. We have a group of people that thought there 
was a technology that would reduce the volume of blood required to do our toxi-
cokinetic (TK) studies. We gave these people a budget, and they came back and 
developed a technology using materials off the shelf—they just were very crea-
tive in how they put it together—that resulted in our ability to take microliters, 
as opposed to milliliters, of blood from rodents to do TK studies. So the number 
of animals was reduced and the amount of intervention stress on the animals was 
reduced significantly.  

That is an example of where we built a platform, and that platform is be-
ing rolled out across the organization right now. It is not applicable for every 
compound but it is applicable for over 90 percent of our compounds. 

We also have this policy that we want self-disclosure. If somebody in  
an animal handling facility or an animal facility has an issue, they are encour-
aged to talk about it, to self-disclose. We have a session where they talk and 
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learn from each other by asking what happened, why did it happen, how can we 
do it better. 

Senior leaders in the organization, including myself and the head of drug 
discovery, visit animal laboratories to ensure that the people that work in our 
animal facilities understand that this is an important function to the organization. 
They understand that they can approach us if there are issues in their organiza-
tion or in the way work is being done in their laboratories. 
 

Audits, “Constructive Conflict,” and Stakeholder Engagement 
 

Finally, Margaret’s organization does internal, independent, and third-
party audits. We take this very seriously. We are audited both by our internal 
group in preclinical development and by a corporate group, so we go through 
two audits: a self-audit and a corporate audit. Then of course we are audited by 
regulators. 

We have a public statement on the use of animals in research to build 
trust; I think Margaret talked about that yesterday. We use GSK core principles, 
which are independent, as I said before, of location, an outside company’s rela-
tionship with us, or the study size. 

Importantly, we get world-class experts in laboratory animal sciences 
and we make them influential. We put them in front of people, we put them in 
front in the debate—there is a lot of constructive debate that goes on, there is a 
lot of conflict. We are a better organization because of that conflict—I call it 
constructive conflict. We can’t have growth in this area unless we have con-
structive conflict. 

We ask challenging questions. A very senior person at GSK when visiting 
a discovery laboratory asked how much human tissue was used, and the scientist 
said, “We use a lot, we are really moving in that direction.” This very senior 
leader in the organization said, “How has that impacted your use of animals in 
research and development, how much has it diminished it?” It is challenging to 
have the most senior person in an organization ask a scientist at the bench a 
question like that, but that is our approach. 

We acknowledge success and address deficiencies. There is transparency 
and interpretation of rules and implementation with judgment on legislated stan-
dards. That drives the constructive debate that I talked about earlier, not just in 
our organization but in settings such as this meeting. 

With regard to stakeholder engagement, I already talked about knowl-
edgeable senior leaders in the organization. There is a regular dialogue among 
the users, the caregivers, and the comparative biologists in our organization to 
ensure the relevance of the animal model, as I described earlier. We have a cul-
ture of continuous improvement. We share knowledge across the organization, 
across those ten countries and those 20 sites.  
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I sit on the R&D Executive Committee, and on a regular basis we have a 
session where we talk about the use of animals in R&D. We keep metrics on the 
use of animals and we act on those metrics. 

Externally, we engage stakeholders in meetings such as this. We endeavor 
to understand the local regulations and, importantly, the environments in which 
our people are working, so that we can understand the culture in which they 
work and the stress they are under and how we can help them, through mutual 
education and exploration of differing views, and, as I mentioned, we encourage 
audits by external and internal groups.  
 

Conclusion 
 

In summary, the pharmaceutical environment has changed and will change 
in the future. Standardization across geographic regions and cultures and juris-
dictions is not realistic now, because it is too dynamic. We will rely on core pol-
icy, principles, and values.  

One of the most important principles is that of peer review. This creates 
the challenge we want to understand of the scientific hypotheses to be tested in 
animals and to question how replacement, reduction, and refinement are being 
considered. The first few times we went through this, it was difficult. Now we 
have our CEDD heads engaging our people and asking them to justify their ex-
perimental models. That is the transformation we are looking for, the kind of 
drive we are looking for in an organization. 

It comes only with deep expertise in comparative biology. These people 
are going to be with some of the world-class scientists in the therapeutic area 
discussing a biochemical pathway in an animal model. Our comparative biolo-
gists have to go toe to toe with them. They have to be just as world-class in their 
discipline. And they have to have courage, if I could use that word, because they 
are put in challenging situations.  

Diligence ensures adherence to principles and dissemination of learning. It 
is not good enough to just audit. We have to audit, we have to talk about it, we 
have to put it out there, we have to air findings and share corrective actions, and 
we have to make people understand when things have to change. 

Finally and importantly, operations based on publicized core principles 
and continuous improvement enable geographic flexibility in where work is 
conducted. The standard creates the corporate way of working. We have assur-
ance that, through our policy and processes, through the science that we empha-
size, and through our audit functions, we will meet our standard anywhere in the 
world. If the standards cannot be met, we don’t do work there. That drives good 
behavior in our organization and in those organizations with whom we work. 
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Standards of Veterinary Care for  
Laboratory Animals 

 
Kathryn Bayne 

 
In June 2007, in association with the Federation of European Laboratory 

Animal Science Associations and the International Council on Laboratory Ani-
mal Science (FELASA/ICLAS) meeting in Como, Italy, ILAR and the Interna-
tional Association of Colleges of Laboratory Animal Medicine (IACLAM) in-
vited representatives of laboratory animal medicine organizations from around 
the world to meet and initiate a dialogue about appropriate veterinary care stan-
dards for laboratory animals. Participants included individuals knowledgeable in 
regulations and guidelines pertaining to veterinary care of laboratory animals 
from organizations such as the American College of Laboratory Animal Medi-
cine (ACLAM), Canadian Association of Laboratory Animal Medicine 
(CALAM/ACMAL), India’s Committee for the Purpose of Control and Supervi-
sion of Experiments on Animals (CPCSEA), European College of Laboratory 
Animal Medicine (ECLAM), European Society of Laboratory Animal Veteri-
narians (ESLAV), FELASA, Singapore’s National Advisory Committee on 
Laboratory Animal Research (NACLAR), and the United States Department of 
Agriculture (USDA). 

The sources of the various international standards were reviewed and 
summarized. These sources include standards established by government agen-
cies, in the form of legislation, regulations, or policy, but also guidance derived 
from professional organizations primarily composed of laboratory animal vet-
erinarians. 

Based on presentations summarizing those guidelines and regulations, 
three main themes of interest could be distilled from the discussions: (1) the 
qualifications of the veterinarian, (2) the authority of the veterinarian within 
the program, and (3) the role of the veterinarian. Both convergence and diver-
sity of approach to these three points were described by the participating rep-
resentatives, suggesting that harmonization is occurring in some areas of vet-
erinary care while in others there remain differences, some of which could be 
quite significant. 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

96 Animal Research in a Global Environment: Meeting the Challenges 

Qualifications of the Veterinarian 
 

Table 1 depicts the wide variety of degrees that denote training in veteri-
nary medicine. Some are bachelor’s degrees in veterinary medicine or veterinary 
science, others are doctorate degrees. Some reflect two years of undergraduate 
education, others four or more years of undergraduate and graduate education. 
Some degrees include coursework in laboratory animals, or even a “track” in 
research, others do not. This range of training may be augmented by postgradu-
ate education or it may not—depending on the country’s available educational 
opportunities. Some veterinarians working in laboratory animal medicine obtain 
on-the-job training at institutions outside their country, thereby further enhanc-
ing their knowledge and expertise in the field. 
 

TABLE 1 Veterinary Degrees Granted Around the World 
Recognized Primary Veterinary Medical Degrees Granted Throughout the World  
(Primary Information Source – AVMA Listed Veterinary Colleges of the World)  

Abbreviation  Actual Veterinary Degree 
Countries Awarding  
the Degree 

BS  Bachelor of Science Afghanistan, Taiwan 

BSc  Bachelor of Science China 
BASc  Bachelor of Agricultural Science China 
BVM  Bachelor of Veterinary Medicine China, Kenya, Libya, Taiwan, 

Uganda, United Kingdom, 
Zambia 

BVM&AR  Bachelor of Veterinary Medicine  
and Animal Resources 

Saudi Arabia 

BVMS  Bachelor of Veterinary Medicine  
and Surgery 

Australia, Iraq, United Kingdom 
– except Edinburgh University 

BVM&S  Bachelor of Veterinary Medicine  
and Surgery 

United Kingdom – Edinburgh 
University only 

BVSc  Bachelor of Veterinary Science Australia, China, Egypt, Japan, 
Myanmar, New Zealand, Sri 
Lanka, South Africa, Sudan, 
Syria, United Kingdom, 
Zimbabwe 

BVSc&AH  Bachelor of Veterinary Science  
and Animal Husbandry 

India 

CMV  Candidates Medicinae Veterinariae Norway 
D  Dierenarts Netherlands 
DCV  Doctor en Ciencias Veterinarias Argentina 
DEDV  Diplôme d’Etat de Docteur Vétérinaire France 
DH  Doktor Hewan Indonesia 

DK  Diploma of Ktiniatrou Greece 

(continued) 
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TABLE 1 Continued 
Recognized Primary Veterinary Medical Degrees Granted Throughout the World  
(Primary Information Source – AVMA Listed Veterinary Colleges of the World)  

Abbreviation  Actual Veterinary Degree 
Countries Awarding  
the Degree 

DMV  Docteur en Médecine Vétérinaire Belgium, Tunisia, Zaire 
 Dottore in Medicina Veterinaria Italy 

 Doctor en Medicina Veterinaria Cuba, Dominican Republic, 
Ecuador, Paraguay, Uruguay 

 Doctor Medic Veterina Romania 
Dr. vet. Med.  Diplôme Fédéral de Médecin Vétérinaire Switzerland 
DV  Docteur Vétérinaire Algeria, Morocco 

DVE  Docteur Vétérinaire d’Etat Senegal 
DVM  Doctor of Veterinary Medicine 

 
 
 
 
 
Doktor Veterinarske Medicine 

Bangladesh, Canada, Ethiopia, 
Hungary, Iran, Malaysia, 
Nigeria, Pakistan, Philippines, 
South Korea, Thailand, Tobago, 
Trinidad, United States, West 
Indies 
Bosnia and Herzegovina, 
Croatia, Serbia, Slovenia 

IASV  Ingénieur Agricole Spécialité Vétérinaire Cambodia 

LMV  Licenciado em Medicina Veterinaria Mozambique, Portugal 
LV  Licenciado en Veterinaria Spain 
 Legitimerad Veterinaer Sweden 
LVM  Licentiate in Veterinary Medicine Finland 

LW  Lekarz Weterynarii Poland 
MV  Mjek Veteriner Albania 
 Médico Veterinario Argentina, Bolivia, Brazil, Chile, 

Peru, Venezuela 
MVB  Bachelor of Veterinary Medicine Ireland 
MVD  Médico Veterinario Zootecnista Dominican Republic 

MVDr  Doktor Veterinarstvi Czech Republic 
MVMVZ  Médico Veterinario Zootecnista Colombia, Guatemala, Mexico 
SVM  Specialist Veterinarnoj Medicini Ukraine 
T  Tieraerzt Austria, Germany 

V  Veterinario Brazil 
  Veterinaereksamen Denmark 
VE  Veterinary Engineer Viet Nam 
VetMB  Bachelor of Veterinary Medicine United Kingdom 

VH  Veteriner Hekim Turkey 
VL  Veterinaren Lekar Bulgaria 
VMD  Veterinariae Medicinae Doctoris United States – University of 

Pennsylvania only 
VV  Veterinarnyi Vrac former Soviet Union 
Source: www.worldvet.org/docs/Global%20Vet%20Schools.pdf (accessed July 27, 2009). 
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To illustrate this point, the following descriptors of necessary veterinary 
qualifications are drawn from a sampling of different countries that may serve as 
a model for developing nations in terms of stipulating the precise qualifications 
of the veterinarian. The content of the veterinary care program under the direc-
tion of these individuals is remarkably consistent: 
 

(1) The proposed revision to the European Directive 86/609/EEC (CEC 
2008a) states: “To ensure the ongoing monitoring of animal welfare needs, ap-
propriate veterinary care should be available at all times and a staff member 
should be made responsible for the care and welfare of animals in each estab-
lishment.” An approved amendment to Article 20 of the proposed revision fur-
ther notes that “Member States shall ensure that, for the purposes of the authori-
zation, the persons referred to in paragraph 1 have the appropriate veterinary or 
scientific education and training and have evidence of the requisite competence” 
(CEC 2008b). 

(2) The proposed revision to the Council Directive builds on the current 
Directive (EEC 1986), which states: “persons who take care of animals used for 
experiments, including the duties of a supervisory nature, shall have appropriate 
education and training…. Adequate arrangements shall be made for the provi-
sion of veterinary advice and treatment…. A veterinarian or other competent 
person should be charged with advisory duties in relation to the well-being of 
animals.” Although this language is not very specific, it is clear that “appropri-
ate” training and education will allow the veterinarian to provide sound guid-
ance and treatment for the care and use of animals.  

(3) The United Kingdom’s Animals (Scientific Procedures) Act (Home 
Office 1985) stipulates that “the well-being and state of health of such [labora-
tory] animals are monitored by a suitably qualified person in order to prevent 
pain or avoidable suffering, distress or lasting harm.” The A(SP)A further re-
quires that “no place shall be specified in a project license or as a breeding site 
unless it is so designated by a certificate, which in turn requires a veterinary 
surgeon or other suitably qualified person to provide advice on animal health 
and welfare.” 

(4) The section of the USDA regulations (USDA 1991) that addresses 
membership of the institutional animal care and use committee (IACUC) re-
quires that a Doctor of Veterinary Medicine with training or experience in labo-
ratory animal science and medicine serve as a member of the committee. Under 
the section on veterinary care, the regulations require that the personnel involved 
in animal care and use be qualified to perform their duties. Similarly, the pro-
posed revision to the European Directive includes a requirement for the desig-
nated veterinarian to serve on the ethical review committee as well as member-
ship of “the person responsible for the welfare and care of the animals in the 
establishment.” 

(5) Singapore has established excellent standards for the credentials of the 
veterinarian associated with a laboratory animal program. The NACLAR (2004) 
Guidelines state that “every licensee shall employ an Attending Veterinarian 
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(full or part time) with relevant training or experience in laboratory animal sci-
ence and medicine. The veterinarian must also be licensed by the Agri-Food and 
Veterinary Authority (AVA).” 

(6) The Guide for the Care and Use of Laboratory Animals (NRC 1996) 
was the most specific of the guidelines discussed during the roundtable. The 
Guide makes it quite clear that “A veterinary care program is the responsibility 
of the Attending Veterinarian who is certified or has training or experience in 
laboratory animal science and medicine or in the care of the species being used.” 
The reference to certification in the Guide may be met by specialty board ex-
amination, for example by ACLAM, ECLAM, the Japanese College of Labora-
tory Animal Medicine (JCLAM), or the Korean College of Laboratory Animal 
Medicine. It may also be met by the FELASA Category D (Specialists) certifi-
cate of competence. The individual certified at this level must be able to do the 
following (USDA 1991): 
 

a. Manage all animal, human, and physical resources in a laboratory ani-
mal facility; 

b. Make provisions for the health and welfare of animals; 
c. Provide advice, instruction, and assistance to investigators on labora-

tory animal–related matters and provide practical support of research 
programs; 

d. Ensure compliance with all the laws, regulations, and guidelines rele-
vant to the production, maintenance, and use of laboratory animals and 
related to management of the animal facility; 

e. Be responsible for the development and presentation of internal and ex-
ternal education programs in the humane care and use of laboratory 
animals, which continue to develop the concept of the Three Rs (Rus-
sell and Burch 1959); 

f. Contribute to the in-depth development of innovative concepts in the 
humane care and use of laboratory animals, including carrying out re-
search in laboratory animal science. 

 

Thus, Category D includes veterinarians and other professionals of similar 
qualification. A third example is the certificate in laboratory animal medicine 
conferred on Canadian veterinarians. 
 

Authority of the Veterinarian 
 

Although this is one of the most important aspects of the veterinary care 
program, most countries do not describe in detail (or sometimes even mention) 
the authority the veterinarian must have to ensure good animal health and wel-
fare in the laboratory animal care and use program. However, when the topic is 
addressed, there is a great deal of general convergence among the various guide-
lines. In summary, the consensus is that the veterinarian must have appropriate 
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authority to execute the duties inherent in ensuring the adequacy of veterinary 
care and in overseeing other aspects of the program of animal care and use. 

 

Role of the Veterinarian 
 

Multiple roles are attributed to the veterinarian, and the scope of these var-
ies among countries. Many guidelines and regulations do not describe expecta-
tions for the veterinarian in any detail. What follows is a compilation of the nu-
merous roles defined for the laboratory animal veterinarian. 

Often, the veterinarian is referred to as an advisor. The veterinarian may be 
expected to give guidance regarding surgical techniques, selection of pharma-
cologic agents, selection of animal models, periprocedural care, euthanasia, 
and/or training of other individuals in the program (to name a few key areas). 
Occasionally, this advisory role is augmented to an oversight role, particularly in 
the United States, where the veterinarian would have an oversight role through 
his or her function on the institutional animal care and use committee. 

As might be expected, the role of the veterinarian in ensuring the health and 
well-being of the animals used for research, testing, or teaching is a point of 
convergence among the various regulatory and guidance documents. The source 
of the animals and transportation of those animals from that source to the institu-
tion, quarantine and stabilization, health monitoring, preventive medicine, dis-
ease surveillance, diagnosis, treatment, control of disease, surgery, pain and dis-
tress, medical records, euthanasia, and/or other clinical duties are listed as key 
responsibilities of the veterinarian. 

Adjunctive roles of the veterinarian include participating in the training of 
staff; providing expert guidance to the occupational health and safety program 
(e.g., about zoonotic diseases, animal allergens, and other conditions); advising 
on biological and chemical hazard policies of the institution; monitoring and 
advising on hygiene standards; providing guidance on animal facility design; 
and providing input into the development of the disaster plan. 

The Como meeting highlighted two common systems used internationally 
for the oversight of animal health and welfare: one relies on a veterinarian and 
supporting animal care staff, and an equally vibrant system in several parts of 
the world relies on someone other than a veterinarian who has the requisite  
expertise (e.g., in the species of animals used, the type of research, laboratory 
animal science), such as a scientist. In the latter system, the veterinarian often 
has a secondary role in terms of authority and responsibility. Not unexpectedly, 
these different systems may be correlated with significant differences in the 
education and qualifications of the veterinarian, as well as his/her authority and 
role in the program. Individuals who work in countries where the veterinarian 
has more primary responsibility for animal health and welfare are likely to re-
ceive a more extensive education (through the veterinary curriculum and/or 
postgraduate training and certification) and are more often considered partners 
in the research enterprise. In countries where the veterinarian serves in a more 
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technical role, the lead scientist often has primary responsibility for animal care 
and use oversight. 

Elucidation of international similarities and differences in the qualifications, 
authority, and role of the veterinarian in animal research programs will facilitate 
efforts to harmonize standards of animal care and welfare. It is important to un-
derstand the cultural and regulatory framework in which veterinarians work 
around the world, as well as the educational opportunities available to them. We 
should be familiar with the type of education and postgraduate experience 
achieved by the veterinarian to better gauge our expectations for the responsi-
bilities and expertise of that individual. Any consideration of harmonizing vet-
erinary care should include an assessment of the veterinary school curriculum, 
opportunities for postgraduate training (either in-country or outside the country), 
the country’s regulatory requirements, and training material resources (espe-
cially online resources in a variety of languages). 
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STATE OF LABORATORY ANIMAL  
MEDICINE AROUND THE WORLD 

 
 

Europe 
 

Hans Hedrich 

 
The most credible training for veterinarians in the area of laboratory ani-

mal medicine is through the European College of Laboratory Animal Medicine 
(ECLAM). Diplomate status in ECLAM goes beyond FELASA Category D, and 
I personally refer to it as FELASA Category E. It would be desirable to have 
European governments accept that requiring laboratory animal veterinarians to 
become diplomates is the best way to control and govern animal experimenta-
tion. In Europe, we have a long-standing history of laboratory animal science 
associations, whose membership is about 50% veterinarians and the other 50% 
those trained in biomedicine or biology or other sciences. The laboratory animal 
science perspective, therefore, is encompassed by FELASA.  

To address the laboratory animal medicine side of things, in the UK there 
is the Royal College of Veterinary Surgeons as well as the British Laboratory 
Animals Veterinary Association. Both are long-standing and laboratory animal 
medicine has always been an important issue with them. The primary body in 
Europe is the European Society of Laboratory Animal Veterinarians (ESLAV), 
which initiated the European College of Laboratory Animal Medicine 
(ECLAM). However, this is a relatively new approach.  

Of the 27 member states in the European Union, 26 have veterinary schools. 
Europe in total has 31 countries and 80 veterinary schools, but this number does 
not reflect the size of the population or the culture of the countries. For example, 
there are 16 veterinary schools in Italy and 16 in Spain, but only one in the Nether-
lands. Programs in laboratory animal medicine are relatively rare.  

Veterinary training in accordance with FELASA Category D occurs in Italy, 
Germany, the Netherlands, Spain, and Sweden. The program in laboratory animal 
science in Milan, Italy, includes two years of training. In Germany, specialists  
in laboratory animal science have to train for four years. In the Netherlands, labo-
ratory animal specialists undergo government-recognized training in Utrecht and 
several other places for 18 months. In Spain there is a master’s degree program  
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in laboratory animal science and welfare in Barcelona and Madrid that lasts  
two years. Sweden also has a two-year master’s degree at Uppsala. Thus there is 
quite a variety in the training of laboratory animal science specialists.  

In Europe, veterinarians have a special legal responsibility and profes-
sional obligation, especially in treating animals with medications, using anesthe-
sia, or administering analgesics, all of which are not permitted to any other pro-
fession. However, from a regulatory perspective, there are differences among 
countries as to how much veterinary involvement is permitted in animal experi-
mentation aside from the requirements for medications or prescriptions and an-
esthesia. These differences are apparent going from west to east in Europe, with 
some of the new countries in the EU being rather undeveloped in the field of 
laboratory animal medicine.  

Programs for FELASA Category D based on veterinary training or in vet-
erinary medicine are in Italy, Belgium, Germany, the Netherlands, Norway, 
Spain, Sweden, Switzerland, and the United Kingdom. Again, there is inconsis-
tency in the requirements of the various programs. In Italy, a diploma in labora-
tory animal science takes three years, while in Belgium it takes only two years. 
In Germany, the program is provided through the veterinary boards and training 
in approved institutions and takes three to four years; the four-year program is 
for laboratory animal science or laboratory animal medicine, while the three-
year program is for animal welfare, which is also accepted under Category D. In 
the Netherlands the program is one and a half years, in Norway three years, 
Spain two years, Sweden two years, Switzerland four years. The United King-
dom has a two-tiered approach, with a certificate in two years and the diploma 
provided by the Royal College of Veterinary Surgeons in five years.  

ECLAM was established in 2000 and in 2008 received permanent recogni-
tion by the European Board of Veterinary Specialization, which is our governing 
and controlling group, to which we must report directly. The founding of the 
College was an initiative of ESLAV and covers everything important in labora-
tory animal medicine. 

The leadership of ECLAM identified the issues important to the organiza-
tion and proposed initiating discussion on including ethics in addition to improv-
ing animal welfare in order to make these issues permanently a part of the or-
ganization’s goals. 

ECLAM has established guidelines for examination and qualification of 
veterinarians for diplomate status. Although the examination is difficult, those 
who pass are highly qualified to direct a program in laboratory animal medicine. 

ECLAM encourages research and promotes the communication and dis-
semination of knowledge in the field of laboratory animal medicine. The Euro-
pean Board of Veterinary Specialization has required training programs to be 
four years long, at least two and a half years of which should be under the su-
pervision of a diplomate. There are 23 different veterinary specialty colleges and 
all are expected to have minimum standards.  

The alternate training program takes two more years, but again two and a 
half years under the supervision of a diplomate. There are currently eight pro-
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grams in various European countries. Once again, there is diversity among the 
programs. However, regardless of the training program, all who pass the exam 
are able to [attain] diplomate status. Reevaluation occurs every five years based 
on a 100-point credit system.  

ECLAM and ESLAV have been involved with FELASA on defining appro-
priate veterinary care of laboratory animals. A paper describing the guidelines for 
veterinary care of laboratory animals was published by the FELASA/ECLAM/ 
ESLAV working group in 2008. The working group agreed that care of laboratory 
animals may be pursued by various professionals with different backgrounds, but 
the veterinarian is unquestionably the most appropriate person to provide veteri-
nary care. The concepts presented in the paper have not been accepted as yet 
throughout the European Community. 

The guidelines indicate that the professional judgment of a veterinarian 
trained in laboratory animal science is essential in the application of the recom-
mendations on animal care and use to the specific institution. Veterinarians have 
specific legal responsibilities and professional obligations with respect to regula-
tory bodies. 

A key part of the guideline paper is that education provides the basic 
knowledge and enables a person to work as a veterinarian, although legal and 
professional obligations vary among the countries. Undergraduate education 
emphasizes mostly the treatment and care of companion and farm animal spe-
cies without much [attention] to laboratory animals. Because of this, it is critical 
that the laboratory animal veterinarian obtain specific education, training, and 
competence in dealing with these species.  

Education in laboratory animal medicine needs to be improved throughout 
Europe and especially in the Eastern European countries. Generally, it is not the 
veterinary schools that train specialists in laboratory animal medicine; such 
training is done at medical schools where the actual research on the animals is 
conducted. 

The European legislation currently does not specify further educational 
requirements for a veterinarian with legal responsibilities for longitudinal care, 
even in the most recent draft. The multilateral consultation of parties to the con-
vention has adopted the resolution on education and training of persons working 
with laboratory animals. This resolution is based on the FELASA recommenda-
tions for the education and training of persons involved in animal experiments. 
These recommendations were suggested to be included in EU Directive 86/609, 
which currently reads “a veterinarian or other competent person.” It should be 
changed to read “a veterinarian trained and experienced in laboratory animal 
medicine or, exceptionally, another competent person” should be charged with 
advisory duties in relation to the well-being of the animals, but that person 
should also have the appropriate authority. Based on the FELASA recommenda-
tions, these would be persons trained under Category D and in rare exceptions 
Category C.  

It is now possible to say that consistent veterinary postgraduate specialty 
training and certification has been fully established in Europe through the efforts 
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of the veterinary profession, arising from the advice of the Commission’s Advi-
sory Committee on Veterinary Training and overseen by the European Board of 
Veterinary Specialization. There is a recognized European veterinary specializa-
tion in laboratory animal medicine, as well as training, certification, and con-
tinuing education organized by ECLAM and ESLAV in addition to other or-
ganizations such as Royal College of Veterinary Surgeons and other veterinary 
boards. The Royal College of Veterinary Surgeons announced that, once 
ECLAM had achieved permanent recognition, they would drop their own di-
ploma in favor of the ECLAM diploma. 

Finally, I want to comment on the information received by FELASA and 
other organizations about the revision of the EU directive. It seems that the vari-
ous commission directorates, in particular the directorate of research, have not 
been able to agree on the draft text of the EU directive. The Commission has 
therefore decided that it will submit the text as it stands to the “oral procedure.” 
This means that the College of Commissioners will decide whether to release the 
text as it stands into the codecision process or with only minor amendments, or 
they may decide it requires more extensive amendment and postpone its adop-
tion.  

Another possibility is that the College of Commissioners might decide that 
the directive requires more extensive amendment and may postpone the adop-
tion of the draft. Apparently also in the Members of Cabinet meeting many ob-
jections were raised, especially in relation to the current draft, and thus no con-
sensus could be reached. 

The discussion that seemed to be most important concerned the excessive 
limitations on the use of nonhuman primates in Europe and there was potential 
bureaucracy originating from unclear definitions in the draft.  

This may all change with the upcoming elections to the European Parlia-
ment in the spring. Also, quite a number of new commissioners will be ap-
pointed next year, so there will be different groups of people in Brussels as well 
as in Strasbourg. 
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Latin America 
 

Rafael Hernandez 

 
Latin America is the region south of the border of the United States to 

Chile near the Antarctic. It includes 21 countries, 21 million square kilometers, 
and purchasing power of $5 trillion. Although most Latin American people are 
Western oriented, it really is not considered for some cultures part of the West 
but rather a unique and different region.  

Latin American countries share many things, such as language, Spanish-
Portuguese background, culture (to a greater or lesser extent) with Indian roots. 
Some of those countries also have scientific traditions, such as Mexico, where 
José de la Luz Gómez, using the Pasteur method, produced rabies vaccine in 
1888 and became the first laboratory animal veterinarian in Mexico. Carlos Juan 
Finlay y Barres from Cuba identified the mosquito as the yellow fever agent and 
was the first scientist to identify an insect as a biotransmitting agent. Oswaldo 
Cruz, from Brazil, was probably the most well known veterinarian, and 
Bernardo A. Houssay from Argentina was the first Latin American to win the 
Nobel Prize in medicine, in 1947. 

However, in spite of this glorious past, the present panorama for research 
and development is not equal and sustained for all Latin American countries. 
Latin American countries are divided into blocs of nations with respect to the 
potential economic impact of the region. Countries like Brazil, Argentina, Chile, 
Colombia, Mexico, and Costa Rica have enough resources and capacity to sup-
port the training of researchers [whereas] other countries do not. 

The importance of the number of PhDs earned in a country has already 
been discussed. There is a very large gap between North America and Latin 
American countries as well as among the Latin American countries. Brazil has 
the highest number of students enrolled in tertiary institutions. This is also evi-
dent in the investment of the various countries in scientific research; on average 
Latin American countries allocate less than half a point of their GNP, [only] 
Brazil allocates more than 1%.  

Latin American countries are trying to encourage their populations to pur-
sue university educations. Mexico, Cuba, Colombia, Brazil, and Argentina have 
a large number of universities, but even so they are still distantly behind the 
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United States and Western Europe. Similarly, Latin American countries lag the 
four top countries—the US, England, Germany, and Japan—in the number of 
highly cited researchers.  

The scientific productivity of Latin America represents only 4% of that of 
the world. However, Mexico, Cuba, Brazil, Argentina, Uruguay, and Chile are 
striving to do high-quality science, in part by producing and using transgenic 
animals. 

Most of the countries have institutional standards, ethics committees, or 
institutional animal care and use committees, but only Costa Rica (1994), Mex-
ico (2002), and Brazil (2008) have national laws for the care and use of labora-
tory animals. 

In Latin America there are several associations for laboratory animal sci-
ence; these exist in Argentina, Brazil, Colombia, Cuba, Mexico, Peru, Uruguay, 
and Venezuela. There are also associations that bridge more than one country, 
like the Central American, Caribbean, and Mexican Association for Laboratory 
Animal Science (ACCMAL), and federations, like the South American Federa-
tion for Laboratory Animal Science (FeSSACAL), which includes countries in 
the southern part of Latin America. It is important to note that these associations 
include not only veterinarians but also technicians and scientists working in the 
field; there is no specific association or college for veterinary practitioners.  

Appropriate courses in a formal educational program for laboratory animal 
medicine are found only in Cuba, which awards a master’s degree in laboratory 
animal science. Brazil, Argentina, Chile, and Mexico don’t have specific pro-
grams for laboratory animal science, but it is possible to get master’s or PhD 
degrees in the field by selecting credits on related subjects at veterinary,  
pharmacy, or medical schools. This is possible in at least two universities in 
Mexico, several in Brazil, and at the Universities of La Plata and Buenos Aires 
in Argentina. 

In undergraduate veterinary medicine education in Mexico, it is possible 
to get a four-hour introduction to laboratory animal science, and students who 
are interested in pursuing laboratory animal science may take a 48-hour labora-
tory animal course. Similar programs exist in Argentina at La Plata University 
and Buenos Aires University. In other Latin American countries it is the phar-
macy schools that teach care and pharmacologic use of animals, but not breed-
ing, health, genetics, or environmental control. 

The majority of animal facilities in Latin America do not have a full- or 
part-time appointed veterinarian except in Argentina, Mexico, Cuba, Venezuela, 
and some parts of Brazil.  

Distance education is viewed as a very important endeavor in the future. 
The veterinary school in Mexico is working to sign an agreement with the Uni-
versity of Guelph in Canada to be able to use a Spanish version of their animal 
medical certification program to provide education not only in Mexico but in all 
countries interested in the field. Other programs are available in both Spanish 
and English—e.g., a bilingual institutional training program for scientists of-
fered by the University of Miami.  
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A certification program run by ConeVet (National Council for Veterinary 
Medical Education, the academic branch of the Mexican Veterinary Medical 
Association) for laboratory animal veterinarians aims at improving the quality of 
education. There are actually two programs, one for accreditation of veterinary 
schools and one for certification of practitioners. The certification program is 
board-specific for each species, and each candidate must pass one of two boards: 
one based on credentials for those who have a lot of training or experience, and 
the other on an exam for those newly coming into the field. The credential certi-
fication process occurred only in 2006, for the initial certification period. The 
assessment was based on professional experience (500 possible points), continu-
ing education (500), professional education (400), teaching or academic activi-
ties (200), publications (400), and related association/college membership (150). 
The minimal certification score for this evaluation was 1100 points. 

For the laboratory animal medical certification process by exam, there is 
an agreement between CENEVAL (National Center for Higher Education 
Evaluation) and ConeVet. CENEVAL is an independent organization for test-
ing, very similar to the Educational Testing System in the United States, and 
runs the license and certification examinations. The certification is actually 
given by ConeVet. 

The exam is long—two days for four hours each day—and is divided into 
different sections covering diverse areas of knowledge and professional abilities. 
It is given twice a year, in April and December during the AMCAL (Mexican 
Association for Laboratory Animal Science) meeting. 

The future holds some interesting opportunities. While Latin America cov-
ers a large area, there is a real advantage because the countries share the same 
language (with the exception of Brazil, but Portuguese may actually be closer to 
Spanish than British English is to American English). Therefore, if we work 
together to establish high-quality courses for this kind of education, we may be 
able to consolidate the examination process, particularly if we share experience 
with similar certification bodies, not only from Latin America but also from 
Europe or Asia.  

We can also benefit by working together to establish an umbrella organi-
zation, a Latin American Association for Laboratory Animal Science. This may 
also serve to help establish a Latin American College for Laboratory Animal 
Medicine or a Laboratory Veterinary Association. In these ways, we will have 
an opportunity to encourage and improve the quality of veterinary education in 
laboratory animal science in these areas. 
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North America 
 

James G. Fox 

 
I would like to address a very serious issue in terms of the state of com-

parative medicine and laboratory animal medicine worldwide, particularly the 
state of the veterinary medicine profession in North America. 

I urge all who have not seen the Foresight Report (J Vet Med Ed 34:1-41; 
2007), commissioned by the American Association of Veterinary Medical Col-
leges (AAVMC), to read and digest it since I believe it is critical for the progress 
and the future of veterinary medicine in general, and certainly for comparative 
medicine. The summary of the report states that veterinary medicine is the only 
profession in the health and medical field whose members are trained in com-
parative medicine. Veterinarians are critical components of public health and 
essential health care providers to society locally, nationally, and internationally 
in light of their concern for animals, their health and well-being, and their inter-
face with people. However, the summary also states that veterinarians must first 
demonstrate relevance to new societal needs and trends in order to be recognized 
and remunerated for their knowledge, compassion, integrity, and judgment. 

Since 1989, the veterinary profession in the United States has been fairly 
static in terms of the number of veterinarians graduated, which is a little over 
2,000 per year. Based on public demand, veterinary schools are primarily train-
ing veterinarians to fulfill roles in small animal practice. So about 44,000 veteri-
narians practice small animal medicine, while a much smaller number are in-
volved in large animal and equine medicine, with the remainder in public and 
corporate veterinary medicine. 

Thus with respect to the veterinary curriculum, the disciplines of labora-
tory animal medicine and biomedical research are competing against tremen-
dous odds for young veterinary professionals. Several publications of the Na-
tional Research Council—National Needs and Priorities for Veterinarians in 
Biomedical Research (2004), Critical Needs for Research in Veterinary Science 
(2005), and an earlier document, New Horizons in Veterinary Medicine 
(1972)—stress the need for the veterinarian to become involved in corporate 
veterinary medicine, academia, and industry to fulfill societal needs. 
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In recognition of these reports and the Foresight Report, the National Re-
search Council has appointed a committee to assess the current and future work-
force needs in veterinary medicine. The report, which is still in preparation, will 
be an important report exploring both historical changes in veterinary medicine 
and the adequacy of the current supply of veterinarians in different occupational 
categories and employment sectors. The report will also explore factors that will 
likely affect the future demographics of veterinarians. 

It has been well documented that there is a tremendous need for ade-
quately trained laboratory animal medicine veterinarians and veterinarians in-
volved in biomedical research. From 1999 to 2002, the average numbers of job 
postings per year for these positions were 68.5 in academic institutions, 28.3 in 
industry, and 7.5 in government. Those numbers are not likely to be different 
now.  

What are we doing as a profession in the United States to fulfill the needs 
in these three sectors? In looking at the number of diplomates of the American 
College of Laboratory Animal Medicine (ACLAM), from 1996 to 2002 there 
was a 3% annual increase in membership; from 2002 to 2008, the total number 
has increased to 718 diplomates, but over those six years there was only a 7% 
overall increase, a little over 1% a year. 

The numbers clearly indicate that the profession has not met the needs of 
the academic, industrial, and government sectors. Compounding the problem is 
the significant number of retirements that will occur over the next 20 years. Al-
though we practice the 3Rs and are looking for in vitro models and other alterna-
tive methods with which to conduct biomedical research, there is no doubt that 
animal use is going to remain a considerable part of the biomedical research 
engine. 

In reviewing the NIH grants portfolio over the last 20 years, the data show 
that an average of 50% of grants involve the use of laboratory animals. It is very 
likely that the use of laboratory animals in research institutions continues to 
grow but at a more modest rate in the last several years because of the con-
straints of the NIH budget. Given the continued need for animal research, we 
must meet the challenge of eliciting interest and enthusiasm for comparative 
medicine in our young veterinary colleagues. While veterinary medicine is 
thought of as a clinical-based profession we need to provide persuasive argu-
ments and opportunities in public health, regulatory agencies, academic, indus-
try, and biomedical research. In addition, we need to promote and transmit this 
breadth of opportunity to our young colleagues and to the public in general.  

The veterinary profession must exert coordinated efforts to communicate 
to students beginning in middle and high school, provide research opportunities 
to undergraduates, and, importantly, provide opportunities to veterinary students 
to work in research laboratories. 

Another approach to meeting the needs is to diversify the career interests 
of the veterinary student body. This means that we must include in the applicant 
pool individuals who are interested in diverse careers, including biomedical re-
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search and comparative medicine. The admission process for veterinary schools 
must reflect this need.  

One of the recommendations that came out of the 2004 NRC report was 
that all veterinary schools should offer at least an elective course in laboratory 
animal medicine and more veterinary schools should require course work in this 
specialty. Also, the National Examination Board should include questions ger-
mane to the subject matter on the national veterinary boards. Comparative medi-
cine specialists should actively seek out and mentor students with an aptitude for 
and interest in comparative medicine. 

ACLAM did a survey in 2006; this project, led by Lesley Colby, is in re-
view and will soon be published. The committee asked the question that we 
posed in our Academy report: Is a laboratory animal medicine course offered as 
part of the current curriculum to your students? In a somewhat reassuring re-
sponse, 65% said yes, but 35% said no. Asked whether the students received 
lectures in laboratory animal medicine as part of other courses, a higher percent-
age (87%) said yes because having a few lectures scattered through the course is 
easier in terms of curriculum development. However, when asked if laboratory 
animal medicine–related problems were used in case studies, only 29% re-
sponded yes. 

So it is clear that we are not doing a very good job of exposing veterinar-
ian students to career potential in comparative medicine or biomedical research. 
Dr. Steve Barthold illustrates this outcome very effectively by comparing career 
choices with pipes: the largest-volume pipe is the one for clinical practice; the 
pipes for science and laboratory animal medicine are much smaller.  

One obstacle in attracting veterinary students into biomedical research is 
financial debt. A survey of veterinary students revealed that they averaged over 
$100,000 of debt at graduation. They must weigh this loan repayment obligation 
with salary expectations over their career. In addition, choosing a career in bio-
medical research presents the daunting task of having to successfully secure 
funding over the duration of their career from NIH and other external sources.  

These impediments must be considered when trying to help the students 
understand that the profession of laboratory animal medicine is a viable alterna-
tive to clinical practice in terms of remuneration and biomedical research. This 
requires mentoring and an environment in the laboratory to set the proper tone 
for a research experience.  

I would like to share a quote with you from one of the students at the con-
ference last year: “A brilliant mentor with a great sense of humor will undoubt-
edly be more inspiring than a brilliant mentor who won’t crack a smile or works 
18 hours a day.” This quote makes me think of my friend Steve Barthold. One 
must balance the successes and the satisfaction gained from a career in labora-
tory animal medicine and must transmit that enthusiasm to younger colleagues 
and high school students to let them know that research and involvement in cor-
porate practice is a satisfying career.  

There has been a very aggressive effort by ACLAM as well as the Ameri-
can Society of Laboratory Animal Practitioners and others to establish, critique, 
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and approve training programs in the United States. There are currently 41 of 
these training programs that cover a wide spectrum of opportunities for students, 
including positions in medical schools, veterinary schools, research institutions, 
pharmaceutical companies, primate centers, and the military. 

An important component to consider is funding. The NIH National Center 
for Research Resources (NCRR) has historically been the catalyst and the major 
provider of training in laboratory animal medicine and biomedical research, and 
it continues to do so. Although its efforts and the successes of these programs 
over the years are truly appreciated, the amount of dollars put into these pro-
grams for biomedical training programs has been flat over the last 20 years, with 
the exception of the relatively new T-35 program, which continues to grow and 
provides a summer research fellowships for veterinary students. The number of 
trainees has grown to 146 per year. These are the students who can be cultivated 
into postgraduate careers in laboratory animal medicine. We must continue to 
help our colleagues at the NIH convince the legislators of the importance of this 
occupation as part of the biomedical research enterprise. 

NCRR recently announced its intention to build the research workforce as 
part of its strategic plan. One of its central recommendations is to increase the 
number of qualified research veterinarians and ensure that veterinarians are rec-
ognized partners on translational research teams. This presents a real opportu-
nity for all of us to embrace this plan and to champion the concept of one medi-
cine, one health. We must capitalize on the opportunity and move forward. 

In conclusion, there clearly are challenges that lie ahead for us. We have 
to convince the deans and professors in the veterinary schools that there is a vital 
place for a veterinarian in a research setting. Clinician scientists may also be 
involved, but the goal is to create a higher profile for veterinarians in their pro-
fessional training so they may reach out beyond the clinical track. We want to 
encourage new career paths and role models. We must try to effect substantive 
curriculum change in the veterinary profession and encourage students to apply 
for these T-35 training programs. In addition, we need to expand our opportuni-
ties in the comparative medicine programs, not only in veterinary schools but 
also in other research institutions, including medical schools. 

I leave you with the epilogue of the Foresight Report: “This is…a pivotal 
point in time for the veterinary profession and for veterinary medical education. 
A decision to broaden the scope and potential of veterinary medical education is 
fundamental for the profession to navigate this transition.” 

And finally, as Paulo Coelho said, “The truth is that all problems seem 
very simple once they have been resolved. The great victory, which appears so 
simple today, was the result of a series of small victories that went unnoticed” 
(from Warrior of the Light, 2003).  
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A PATH FORWARD 
 
 

Role of the OIE 
 

David Bayvel 

 
This presentation is an overview of the nascent role of the OIE in animal 

welfare, and will emphasize where that role might relate to the theme of this 
session and perhaps the overall theme of the conference. 

One must bear in mind that the OIE’s involvement in animal welfare goes 
back only six or seven years, so we are looking at relatively recent international 
involvement. My presentation is made wearing two hats, both as Director of 
Animal Welfare for the New Zealand Ministry of Agriculture and Forestry and 
as Chair of the OIE Animal Welfare Working Group. 

The OIE consists of 172 countries, making it bigger in terms of member-
ship than the WTO, which has approximately 149 countries. Therefore, by any 
standards, an intergovernmental organization representing 172 countries has a 
significant role to play in influencing public policy in governments around the 
world, and also plays a key role in implementing agreed policy. 

The raison d’être of the OIE relates to ensuring transparency related to 
global animal disease and zoonoses, and also to coordinating the collection, 
analysis, and dissemination of scientific animal health information. The OIE is 
very conscious of the need to work closely with scientists in a whole range of 
disciplines. The organization strives to improve the legal framework and re-
sources of national veterinary services and to provide expertise and encourage 
international solidarity in the control of animal diseases.  

In the WTO mandate, the international standards of the OIE safeguard 
world trade by publishing health standards for international trade in animals and 
animal products, to provide a better guarantee of animal production food safety 
and to promote animal welfare through a science-based approach.  

Since its inception the OIE has operated from a relatively small central bu-
reau in Paris, with about 40 staff members. It has a network of reference labora-
tories and collaborating centers around the world, totaling almost 200. Reference 
laboratories exist for specific disease entities, such as blue tongue, rabies, or foot 
and mouth, and the collaborating centers are centers of excellence from which 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

114 Animal Research in a Global Environment: Meeting the Challenges 

the OIE can draw expertise to assist [in the] achievement of its mission. Cur-
rently, there are 171 reference laboratories and 24 collaborating centers. 

Animal welfare is a new area for the OIE. There is potential for collaborat-
ing centers to be established in each of the OIE’s regions to support its work in 
animal welfare. A group in Italy that has recognition for veterinary training, 
epidemiology, and food safety is also playing a role in animal welfare. We in 
New Zealand sought recognition for the animal welfare science and bioethics 
center at Massey University headed by Professor David Mellor. There is oppor-
tunity for other centers to achieve that recognition and assist the OIE over the 
next few years and decades. 

Two or three years ago, the 172 member countries expressed a desire that 
the OIE play some role in the laboratory animal welfare area. The initial deci-
sion was to establish a dialogue with existing international organizations, par-
ticularly ICLAS and IACLAM, and to identify common interests. A formal 
memorandum of understanding (MOU) has now been signed with ICLAS, 
which is similar to the OIE’s MOUs with other international organizations to 
allow for information sharing and mutual participation in identifying areas for 
synergy, with the goal of emphasizing the role of the veterinary profession gen-
erally and of veterinary services in particular. 

The OIE has a four-year strategic planning cycle and in the period from 
2001 to 2005 some building blocks for animal welfare were established, and 
guiding principles in animal welfare were identified at the first OIE global con-
ference in Paris. The profile of animal welfare was further enhanced in the stra-
tegic plan for the period 2006-2010. The OIE has published and promulgated a 
set of nine guiding principles, with emphasis on the linkage between health and 
welfare, something that often is not fully appreciated and recognized by the pub-
lic at large or by politicians. 

The OIE has a mandate on animal welfare in the use of animals in scien-
tific studies and education. OIE supports appropriate animal use in the fields that 
are relevant to animal health and welfare and animal production food safety, 
including research and development of veterinary medicines, diagnostic tests 
and vaccines, and education of veterinarians and other professionals. Another 
program established under OIE auspices is the International Cooperation on 
Harmonization of Technical Requirements for Registration of Veterinary Me-
dicinal Products (VICH). In addition, the OIE can help in the international facili-
tation of adoption of nonanimal tests where scientifically validated. This will 
complement work done in Europe by the European Center for the Validation of 
Alternative Methods (ECVAM) and work done in the US by the Interagency 
Coordinating Committee on the Validation of Alternative Methods (ICCVAM). 

The mission of the OIE Animal Welfare Working Group, which I have 
chaired since 2002, is to provide international leadership in animal welfare 
through the development of science-based standards and guidelines, provision of 
expert advice, and the promotion of relevant education and research. The work-
ing group represents the five OIE regions; Professor David Fraser from the Uni-
versity of British Columbia represents the Americas. We consider the available 
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science, but also highlight the importance of ethics to ensure that we take a ho-
listic approach to our mission. The detailed work on producing standards and 
guidelines is carried out by expert ad hoc groups established by the OIE Direc-
tor-General; we have had six ad hoc groups established over the six-year period, 
and the process works very effectively. 

The working group follows the established guiding principles and takes an 
outcomes rather than an inputs approach. The principles emphasize the impor-
tance of the linkage between health and welfare, the Five Freedoms,1 the Three 
Rs, and the need for a scientific basis for standards, and recognize that better 
animal welfare can improve productivity and deliver economic benefits. 

In 2005 the OIE developed four sets of standards for the transport and 
slaughter of livestock. At the time, there was concern about diseases like BSE 
(bovine spongiform encephalopathy) and avian influenza, slaughter practices, 
and the ethical acceptability and economic justification for transporting animals 
large distances for slaughter. The OIE is working to implement these standards 
by using its regional infrastructure to facilitate the process. 

We are now following the same process for laboratory animals by looking 
at principles and guidelines for animals used in regulatory testing and teaching. 
We are also liaising with the VICH and making sure that we engage with all the 
international stakeholders, be they industry groups or welfare NGOs. An ad hoc 
group was established to develop the guidelines, which is the OIE’s modus op-
erandi for such tasks. Several participants in this conference are members of the 
ad hoc group that met for the first time in December of 2007 and will meet for a 
second time in December 2008. They will address these topics: animal care and 
use program and committee; assurance of training and competent provision of 
veterinary care; physical facility and environmental conditions; husbandry; 
source of animals; occupational health and safety; and importance of postap-
proval monitoring and validation. The group also identified veterinary training 
in laboratory animal medicine, transportation of animals, and regulatory testing 
as topics to be examined in the future. 

A second global conference, to be held in Cairo in October 2008, will be a 
further manifestation of the relevance of global standards particularly to the de-
veloping world.2 

Information on OIE activities is available on its considerably enhanced 
website or in the OIE Bulletin or Scientific and Technical Review Series publi-
cations. 

It is certain that the OIE’s involvement will not be transient. In addition, 
the OIE is heavily wedded to the One Medicine, One Health concept. Over the 

                                                 
1These are freedom from thirst, hunger, and malnutrition; freedom from discomfort; 

freedom from pain, injury, and disease; freedom to express normal behavior; and freedom 
from fear and distress; available online (www.fawc.org.uk/freedoms.htm). 

2The 2nd OIE Global Conference on Animal Welfare: Putting the OIE Standards to 
Work was held October 20-22, 2008; the program and presentations are available online 
(www.oie.int).  
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next one to two years there will be a major conference sponsored by the OIE and 
attended by veterinary deans from around the world to ensure that veterinary 
education meets the needs of society. There will also be a major review of future 
needs in veterinary education published in the OIE scientific and technical re-
view series in 2009. 
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Introduction to AAVMC 
 

Marguerite Pappaioanou 

 
I will give a very brief introduction of the Association of American Vet-

erinary Medical Colleges (AAVMC) and some of the key activities in this area, 
and then introduce Dr. Chaddock, our Deputy Director, who will make the main 
presentation. 

The Association of American Veterinary Medical Colleges represents and 
has as members all 28 colleges of veterinary medicine in the United States as 
well as all five colleges of veterinary medicine in Canada and nine departments 
of veterinary science in the US. AAVMC membership is open to departments of 
veterinary sciences and comparative medicine. Members also include institu-
tions that provide significant training in veterinary medicine, three colleges of 
veterinary medicine from the UK, one from Ireland, three from Australia, and 
one from New Zealand. AAVMC coordinates the affairs of all these institutions. 

The mission of AAVMC is to improve the quality of life for people and 
animals by advancing veterinary medical education, improving animal health 
and welfare, strengthening biomedical research, promoting feed safety and food 
security, and enhancing environmental quality. Animal care and welfare are of 
major importance to us in all of these avenues in achieving our mission. One of 
our major programs is advocating with the US Congress to increase resources 
for colleges of veterinary medicine in order to increase class sizes. We need 
more veterinarians, as there has been no increase in the number of veterinary 
graduates (2,500) in 30 years. If the number of veterinarians going into labora-
tory animal medicine tripled, there would be shortages in food animal medicine, 
public health, or companion animal medicine. We need to recruit more veteri-
narians into all of these critical areas. 

A second major AAVMC program is the development of a strategic plan, 
which has not been done before. The board of directors, whose president is Dr. 
James Fox, has undertaken this effort; he has provided leadership in the avenue 
of animal care and welfare that is so important to education and research. 

In considering the roles of the veterinary colleges, a couple of important 
questions have come up:  
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1. How should the use of animals in education and research in colleges of 
veterinary medicine be addressed? 

2. What should our veterinarians in colleges of veterinary medicine or 
veterinary students be taught in this area?  
 
To address these issues, our board of directors has partnered with the American 
Veterinary Medical Association, the US Department of Agriculture, and the 
National Institutes of Health NCRR to hold a scientific meeting on animal care 
and welfare ethics in November 2009 (the agenda and papers are available at 
www.avma.org/awsymposium).  

Dr. Chaddock is our lead in working with partners to plan and conduct this 
meeting. He is a veterinarian who joined AAVMC with a whole career’s experi-
ence in different perspectives, working in various areas of our profession and in 
leadership. 
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AAVMC Strategic Plan 
 

Michael Chaddock 

 
I will discuss a very exciting program that the AAVMC in collaboration 

and partnership with AVMA will have here soon. It is important to emphasize 
Dr. Fox’s leadership not only with AAVMC and ILAR but with the AVMA. In 
the last year, he chaired the animal care welfare committees of both the AVMA 
and the AAVMC, so it is his vision and his leadership that brought this together 
for the event that is going to occur. I also want to mention the Morris Animal 
Foundation, which will help to support this venture. 

The title of the conference is Animal Welfare as an Evolving Discipline, 
and Educating Veterinarians to be Effective Decision Makers and Advocates.1 It 
is an international educational symposium that will be held November 8-11, 
2009, at one of our premier member institutions, Michigan State University in 
East Lansing. The program is being designed with requested input from all of 
our member institutions. It is important to emphasize that our intended audience 
will include scholars involved in animal welfare, the laboratory animal commu-
nity, and veterinary medical students in the international realm. The intention is 
to satellite broadcast the program.  

On the first day, the program will address the role of science in society 
and will include the definition of animal welfare, key policy statements in this 
area, and how different stakeholders frame and discuss animal welfare issues. 
The point is to address animal welfare from a scientific point of view, determine 
how it is measured, how it is perceived by different people, and ethical ap-
proaches to assessments of animal welfare. The role of ethics will include cul-
tural norms, differences in religious expectations, morality, and cost/benefit 
from the perspective of the role of science in society. 

The next topic area will be entities and agreements and will consider the 
different groups involved in animal welfare decisions about which veterinary 
medical students must know; these groups include veterinarians, scientists, re-

                                                 
1The resulting meeting summary, Swimming with the Tide: Animal Welfare in Veteri-

nary Medical Education and Research, and related documents are available online at 
www.avma.org/awsymposium.  
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searchers, industry leaders, retailers, advocates, animal welfare groups, the pub-
lic, lobbyists, and attorneys who are involved in the animal welfare area. The 
groups will be brought together to speak and participate in roundtable discus-
sions with the aim of informing students about important issues to consider such 
as agreements, standards, available voluntary schemes, regulations, legal con-
siderations, and international differences. The speakers will address research, the 
history of animal welfare and animal care research, and the current state of that 
research today worldwide. It is important to have international presentations so 
that the students get a well-rounded view of the issues. After the presentations 
will be roundtable discussions that will include the students so that we can learn 
what they are being taught in their schools. 

The second day will focus on the topic of meeting societal needs through 
veterinary education and research and will examine models for veterinary ani-
mal welfare education. In advance of the meeting, we intend to survey deans, 
department heads, faculties, and students about how animal welfare is and isn’t 
considered in DVM degree programs. The survey will query the students about 
what they learned and whether their expectations were fulfilled during the four-
year program. 

In addition, we will look at preveterinary education and students’ back-
ground before attending veterinary school. We need to examine the selection 
criteria for veterinary students in animal care and welfare from [the point of 
view of] both US and international expectations. This session will also include a 
roundtable discussion with student participation. 

We also want to center some of these discussions on post-DVM education. 
Since education is a lifelong process, continuing education is essential. The ses-
sion will include graduate program specialization and the Foresight Report to 
delve into how we are meeting societal needs in educating not only our students 
but also our practicing veterinarians. 

The last part of day two will present a model for animal welfare research. 
We will look at program design, the applied priorities of our research programs, 
access to results, and the application of the research to teaching veterinary stu-
dents and how to apply it to meet societal needs. We will also address funding 
for animal welfare research, both private and public. We would like to develop a 
clearinghouse of funding information resources so new graduates and veterinari-
ans will know how to access funding. 

We will conclude on day three with a session on moving forward, focus-
ing on communications with respect to animal welfare. This session will also 
look at veterinary culture in relation to animal welfare, particularly some special 
challenges faced by veterinarians employed by industry or a producer or some-
body who owns animals in carrying out animal welfare. For example, how can 
the veterinarian bridge the gap between what an employer or animal owner 
wants and societal needs and expectations? 

Finally, the conference will address the issue of advocacy—how can we 
get veterinarians involved in becoming activists, community leaders, possibly 
running for Congress, to be the senator that Dr. Pappaioanou says we need to 
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contact? Veterinarians need to step up to the plate rather than letting somebody 
else do it. So the sessions tackle how to become involved, what to advocate, and 
how to educate the public.  

We believe this will be an excellent symposium and encourage all of you 
to attend. Drs. Golab and Granstrom at AVMA are the lead people for this 
program. 
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Online Training and Distance Learning  
 

Patricia V. Turner 

 
My presentation will continue with the theme of providing adequate vet-

erinary care for animals used in research, teaching, and testing. One potential 
solution for providing veterinary training in this area is through online training 
and distance learning.  

I will focus on some of the challenges in providing adequate veterinary 
care for animals used in research, teaching, and testing, particularly the aspect of 
veterinary training. I will also discuss trends in educational delivery that are 
occurring at universities and colleges across North America and may be occur-
ring in Europe as well. Finally, I will talk about online learning programs for 
veterinarians and provide an example,1 with some potential future applications. 

Current challenges in laboratory animal medicine (LAM) occur because 
there is now an increasingly complex globalized research environment, with 
companies and institutions having multiple sites around the world, and there is 
difficulty ensuring adequate veterinary care and harmonization of training across 
all these sites.  

Even in countries where there are well-established training programs, 
there are shortages of well-trained personnel. Increased public expectations for 
the accountability of scientists and institutions, and for providing adequate vet-
erinary care and ensuring research animal welfare, have led to an increased need 
for veterinarians. This has resulted in increased employment opportunities for 
veterinarians; however, there are not enough adequately trained veterinarians to 
fill these roles.  

In addition, there is difficulty in recruiting enough veterinarians to return 
for graduate work and specialization in residencies in some of these programs, 
primarily due to debt load. In North America, veterinary students graduate with 
huge debt load and they cannot afford to come back for additional education or 
training, although they might like to. The stipends may or may not be attractive 
to these new graduates, and we don’t have enough stipend positions to bring 

                                                 
1The slides that accompanied this presentation are available in the online posting of 

this report at www.nap.edu.   
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these veterinarians back. Furthermore, the traditional methods for training spe-
cialists in laboratory animal medicine are expensive and not necessarily effi-
cient. I say this as a program leader for our research-intensive ACLAM-
recognized doctoral training program at the University of Guelph. I still believe 
this is the gold standard for LAM training, but it isn’t geared for a high volume 
of trainees because it is based on one-on-one intensive mentoring—the program 
can produce only one graduate every three years, which is not sufficient. To-
gether, all the institutions that are producing these very intensively trained spe-
cialists cannot meet the employment opportunities and needs out there. 

Other training options to bring enough veterinarians into the field and en-
sure that they are adequately trained must be explored. The immediate problem 
is that there is an urgent need for entry-level training for licensed veterinarians 
in laboratory animal medicine to fill some of these roles. This population in-
cludes licensed clinical veterinarians who may be looking for a career change, 
some who own clinics, who are working or consulting at a biotechnology com-
pany or community college, or who are working full-time in a field but are un-
able to return for graduate studies or a residency because of location, financial 
constraints, or because they have no desire to go back to school for another three 
to five years. A new approach is needed to attract these adult learners and pro-
vide them with the basic education they need to fulfill their responsibilities as 
attending veterinarians in these institutions. 

Distance education has been increasing in popularity in recent years. One 
of its main advantages is that the participants are not required to travel to com-
mit to an institution. They may do it from a distance, hence its name. Also, par-
ticipants can study when it is convenient, allowing them to work full-time and 
attend to family needs at home, then study during evenings or weekends, when 
they have free time. I would argue that a distance education program is very 
well suited for providing both basic and, perhaps in the future, advanced infor-
mation to veterinarians in laboratory animal medicine.  

Current trends in educational development are toward an increasing num-
ber of courses taught in the online classroom. Many full-time students attain 
degrees with these blended programs, with traditional didactic courses on-site 
and up to 50% of the program provided in online courses. Students seem to like 
a combination of both. Even with traditional courses, the online classroom is 
becoming increasingly used, so students may be given an assignment in class, 
and then a portion of their grade will be assigned to an online discussion group 
that is monitored by teaching assistants (TAs) or the professors.  

However, the program needs to be very well structured with very clear ob-
jectives to be effective in educating students. There is no daily face-to-face 
meeting with the TA or the professor, so the course goals and progression need 
to be very well structured, learner-centered, geared to developing problem-
solving skills, and still provide the interaction that is normally achieved in the 
classroom, tutorial, or seminar.  

Online course participants need to be motivated since they are working on 
their own. This format is not suitable for everyone, since it is not easy to work 
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an eight-hour day and come home and have to study at night. However, with 
motivation it can be done successfully.  

It should be noted, however, that it is not necessarily less work for the in-
structor to conduct online courses. There is a lot of development work in terms of 
setting up the program, and then in providing feedback and facilitating instruction 
during the course period. In addition, this format is very different from traditional 
teaching forums and involves a different educational philosophy. It does not in-
volve just taking PowerPoint presentations, taping an audio, and putting it on a 
website. This format focuses on short bursts of intensive learning followed by 
some type of application to evaluate consolidation of learning.  

MIT has an absolutely astounding open courseware project with over 
1,800 courses available online. Tufts University also has some excellent open 
courseware available. The MIT Open Courseware website has PowerPoint pres-
entations from all the courses offered at MIT. However, while the information  
is freely available, the certificate, diploma, and degree programs are not free. 
Also, it should not be assumed that, because the information is provided for free 
to the public at large, people are consolidating and learning it. The skill is in  
the instructors’ abilities to provide the information in an online setting to edu-
cate people.  

It should also be noted that there are costs involved in online courseware: 
software costs for those writing online platforms, costs for staff who are doing 
the administration, and in some cases an honorarium for the course instructor.  

I would now like to provide an example of how we have tried to deal with 
the challenge of providing adequate veterinary care for animals used in research, 
particularly veterinarians working in laboratory animal medicine.  

Canada is a large country with a relatively small population. There are 
about 220 veterinarians in laboratory animal medicine, working across the coun-
try in a variety of sectors, often in very remote locations. We sometimes have a 
language barrier since there are two official national languages.  

Since for many years there was only one formal training program in Canada, 
at the University of Guelph, with a low graduate output, most of the veterinarians 
working in laboratory animal medicine have entered the field through experience 
rather than by formal training in LAM. These veterinarians are very well qualified 
with solid skills in clinical medicine and surgery typical of small animal practice. 
Several years ago, it became evident that there were facility compliance issues at 
some smaller institutions because of a lack of adequate veterinary training. Veteri-
narians did not always understand their full responsibilities as the attending veteri-
narian in these facilities. In conjunction with the Canadian Association for Labora-
tory Animal Medicine (CALAM/ACMAL) and the Canadian Council on Animal 
Care (CCAC), we determined that it was necessary to provide theoretical and ap-
plied training to bring veterinarians up to speed quickly. It was also deemed neces-
sary to have mentoring contacts, because these people were physically isolated in 
many cases. 

This situation led to the development of the LAM certificate program, a 
university-approved academic program of study consisting of a minimum of 160 
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hours of effort. That time is what the university has approved, but it may actu-
ally take a little longer for participants to work through all the material. 

There are four courses in the program. The first is the web-based program 
that is a self-study course. It provides broad-based theoretical information on 
major themes in LAM. This is followed by three skills-based courses that are 
held at regional training sites across the country; I will talk about each of these 
in a little more detail. The LAM certificate program is partnered with the Office 
of Open Learning at the University of Guelph to provide the distance education 
platform and the technical support for running these programs. 

The curriculum was developed in part from the Federation of European 
Laboratory Animal Science Associations (FELASA) guidelines for Category D 
specialists as well as from recommendations developed by the American College 
of Laboratory Animal Medicine (ACLAM) for formal training of laboratory ani-
mal veterinarians. An advisory committee comprising laboratory animal veteri-
narians from across Canada edited and produced the course content and assisted 
with question bank development; other veterinarians were conscripted as needed 
in the program to develop skills lists or to review materials. A skills list has been 
developed for the applied courses.  

Participants who enroll in this program theoretically could complete it in 
as short as a month but we provide them with up to two years. Some participants 
are clinical vets who may own a practice and cannot take off four weeks in one 
year to complete the program. This program is envisioned as an entry-level tool 
and is not in competition with postgraduate training programs in this area. It is 
intended for a completely different population of veterinarians who have no in-
tention of returning to school for further specialization.  

The course covers bioethics, regulations, animal care committee function, 
anesthesia, analgesia, euthanasia, occupational health and safety, biosafety, and 
animal models. It is set up as a combination of online notes and heavy HTML 
mining, primarily to enable veterinarians to learn how to find sources of infor-
mation through relevant websites and electronic resources. The program is mul-
timedia to accommodate different types of learning, so participants receive a 
hard copy reader containing key papers, references, regulatory guides, short 
video clips, CDs, and DVDs. Some of these items can be used in their training 
programs in their own facility. Evaluations are both formative and summative. 
There are several short written assignments submitted electronically for evalua-
tion by the coordinator, as well as multiple choice quizzes for each online topic. 
Participants must achieve at least 80% on these to pass, and they only get two 
chances to take any quiz, so the program of study is rigorous and must be taken 
quite seriously by the participants. Because we have a large question bank for 
each quiz, participants won’t get the same quiz twice. 

There are currently three entry points for enrollment in the program 
throughout the year: October, February, and May. Once the participants are en-
rolled and the online course starts, they have nine weeks to complete the mate-
rial, because we want to give them some structure for completing the course in a 
timely period. 
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The applied courses consist of 40-hour one-week applied placements at 
regional facilities across Canada. The sites were selected based on the experi-
ence of the veterinarians, the number of vets per site, the quality and diversity of 
the programs, the species, and locations, with efforts to have wide geographical 
distribution and inclusion of French language sites. All training sites are CCAC-
assessed. Participants take a skills list with them to use as a training passport and 
placements are facilitated by a course coordinator. The areas in which they re-
ceive training are somewhat tailored to their area of employment; for example, if 
they work with aquatic species they will focus on aquatic training, without much 
training in nonhuman primates.  

The program is approved and has been recognized by the CCAC, which is 
important in terms of regulatory recognition, as is the professional recognition 
given by CALAM/ACMAL. Upon successful completion, participants receive a 
certificate in LAM and can receive a transcript of their marks. 

The accompanying slides represent some screenshots from the program. The 
Home Page has a number of hot links across the top and gives general information 
and announcements. The Course Outline page provides an introduction, informa-
tion about the course development, expectations for learning, and other resources. 
The Time Line for the course shows various activities occurring each week, and 
assignments and quizzes that are to be done at each time point. The expectation is 
that participants will move sequentially through each topic before advancing to the 
next. In terms of actual topic content, there are brief instructors’ comments and 
other readings students must do to consolidate the knowledge. 

The Course Resources page includes a broad range of references from 
many organizations including the Canadian Association for Laboratory Animal 
Science, ACLAM, and ILAR. Most importantly, the website contains contact 
information for the course instructor and there is 24/7 online support for partici-
pants provided by the Office of Open Learning.  

Ongoing related projects include working together with a number of 
ACLAM diplomates in the US to develop a similar entry-level US certificate 
program, which will become available soon. In addition, we have been in dis-
cussions with veterinary colleagues in Southeast Asia and Latin America to de-
velop similar online programs to meet some of the veterinary training needs in 
those regions. The online format affords many opportunities to provide more 
advanced training in other LAM areas such as imaging, cardiology, and pathol-
ogy, among others. 

An example of an advanced program is that being developed by Dr. Bob 
Cardiff, a comparative pathologist at University of California at Davis. He is 
developing online courses in genomic pathology geared to different levels of 
instruction for technicians, graduate students, pathology trainees, and scientists. 
This program will provide information on informatics, basic pathology, and rec-
ognition of lesions in tissues as well as histologic phenotyping. These will  
be tuition-based courses and will offer credits for graduate students anywhere in 
the world.  
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The advent of slide scanning and related software now provides the option 
of developing online comparative pathology programs for advanced training. 
Glass slides can be scanned in at very high magnification with excellent resolu-
tion for students viewing from their desktops. The particular software (Im-
ageScope, Aperio) is free, and students can download it as long as they can ac-
cess a server that has the slides saved onto it. Students can annotate the slides 
by, for example, circling lesions or putting arrows on different parts, save the 
changes, and send them back to the instructor as part of their online training. 
This is an excellent opportunity for coaching and facilitation of learning in com-
parative pathology.  

So in summary, we are at a very early stage in the veterinary medical field 
and in particular in laboratory animal medicine and science for implementing 
some of this technology. However, there are a lot of exciting opportunities in the 
future to use online training as one potential tool to provide for harmonization of 
veterinary training and ensure at least a minimum level of training of veterinari-
ans for the provision of adequate care of laboratory animals. 
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INTERNATIONAL APPROACHES  
AND PRINCIPLES FOR DISTRESS,  

PAIN, AND EUTHANASIA 
 
 

Distress 
 

David Morton 

 
Mental distress is arguably the biggest single enduring adverse effect on 

laboratory animals during their lives, and with the greatest impact on the sci-
ence. It is not pain but fear and poor housing and poor husbandry systems that 
inflict most animal suffering during their lifetimes. 

Although pain and distress are addressed in guidance and legislation, dis-
tress is still overlooked as a source of poor animal welfare and also poor science. 
In my view, pain has been overemphasized, mainly because it is of greater public 
concern and a more obvious target for nongovernmental organizations. However, 
this is now changing with current public concern about the welfare of animals in 
zoos, breeding of companion animals, and particularly farm animal husbandry and 
rearing systems.  

The debate has moved away from pain to one about the quality of an ani-
mal’s life and how we can measure that. Even though there may be events that 
cause temporary pain, it is the suffering over a lifetime that probably matters 
most. Captive animals, including those kept for research, are held in impover-
ished conditions compared with the ecological niches into which they have 
evolved. In other words, we do not really meet their physiological and mental 
needs in terms of their evolutionary background. But of course we meet their 
vital needs; we have to. 

Many laboratory animals have well-developed senses like smell, sound, 
sight, touch, and taste to survive in the world, and husbandry systems do not 
normally fulfill many of these evolutionary needs. Neither has domestication 
removed them, as, when domesticated animals are released into the wild, they 
soon adopt the ways of their progenitors. So there is still a need to meet these 
needs. 
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Imagine what you would miss if you were kept in a cell in solitary con-
finement. The same diet day in day out, without any sun, wind, rain and other 
forms of precipitation, with little sensory changes in sound, textures other than 
metal bars, bedding, or plastic, concrete, metal floors and walls, no choice of 
mates, without space to run, being unable to go where you want to go, and so on. 
This is why I say that keeping animals in captivity is impoverished for them. So 
keeping animals in such life-sustaining but otherwise inadequate housing condi-
tions for the whole of their lives may cause considerable long-term suffering. 
That is one reason for my statement that fear, poor housing, and poor husbandry 
systems inflict most animal suffering during their lifetimes. Even best practice 
still compromises animal welfare considerably. 

Of course there is no easy answer to this conundrum, as we have to con-
fine animals to carry out research on them. But I believe we can do more to im-
prove the quality of their shortened lives. 

Furthermore, the evidence for what is acceptable or at least unacceptable 
for the animals is often not there. Only when animals die prematurely is there 
concern. In the meantime, how does one decide what to do, what to provide? 
Who gets the benefit of the doubt when the science can provide no answers—is 
it the human or the animal? 

In science, the traditional surgical and physiological procedures that were 
once carried out are gradually being replaced by investigations using transgenic 
and genetically modified animals and this makes the issues of meeting their 
mental needs even more of an imperative. For instance, in the UK in 2007, ge-
netically modified and mutant animals and their breeding accounted for nearly 
50% of all animal experiments. Only 39% underwent “traditional” procedures of 
such severity that they required an anesthetic, and the number used for human 
clinical research was less than 1%. However, there will be more animals under-
going surgical interventions for purposes other than clinical research and all 
animals in laboratories will suffer the chronic distress of poor living conditions. 

While pain is a well-defined and relatively well-understood area of animal 
physiology and pathology, it is treatable, and so it is often not necessary to keep 
animals in pain or to cause pain to animals unless there is an overriding scien-
tific reason—for example, research on pain. This is yet another reason why poor 
mental health (i.e., distress) is so important: it is often unavoidable. I’m not say-
ing that pain is unimportant—it is (Matt Leach will address pain in his talk); but 
distress is a neglected source of animal suffering. 

The annual reports on animal suffering show some interesting differences 
between countries and the way they handle distress. Most do not separate dis-
tress but combine it with pain. Others do not separate intensity and duration of 
either pain or distress in any meaningful way. Most countries record only pre-
dicted adverse effects, while others estimate the adverse effects that actually 
occurred (i.e., a retrospective recording). The important point is that all coun-
tries recognize the term distress as well as pain. So how do we go about measur-
ing pain and distress?  
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To understand animal suffering it is important to appreciate that animals 
cannot just be reduced to their component parts, which is the traditional scien-
tific reductionist approach. Pain and distress are more than the sum of their 
component parts.  

Mental distress (which I see as part of mental health) is reflected in several 
emotional states and is a more complex experience than pain. It embraces feel-
ings like fear, boredom, frustration, malaise, inappetence, thirst. Animals are 
conscious beings; they respond to adverse external and internal stimuli as a 
whole, that is, they show an integrated multimodal response to a negative stimu-
lus. Thus animals in pain have raised corticosteroid levels together with a range 
of physiological and behavioral changes from normal. They are likely also to 
experience distress states such as fear when they associate their condition with 
environmental factors such as a particular room or a particular person and an 
unpleasant experimental intervention, such as an injection. Memory is an impor-
tant component in mammalian (and probably in all the other classes of the phy-
lum Chordata) pain and distress. 

Several of these adverse mental states can occur in the same animal at the 
same time. An animal is unlikely to experience just one state at a time, espe-
cially pain. However, a reductionist approach in science induces us to concen-
trate on just one aspect at a time. It is very important that a more holistic ap-
proach be taken. For example, an animal with a painful broken leg will be in 
some form of mental distress as well as pain. When the veterinarian who exam-
ined the leg reappears the animal may be fearful that she will cause it to feel 
pain again.  

Mental distress causes a mixture of feelings or emotions that can influence 
bodily responses that increase the possibility for confounding scientific observa-
tions. Several years ago, a disturbance index was used to assess how animals 
behaved after they had had an injection. That was a rather interesting approach, 
but it has never been followed up. Animals became hyperactive or hypoactive 
after they had been subjected to a procedure such as an injection of cold saline, 
or an injection with a large needle size, or large volume. Differences in their 
responses were observed, and it might be possible to interpret these differences 
but the work was never completed.  

However, there are other indirect and nonspecific physiological measures 
of distress including blood hormones such as cortisol, organ responses to hor-
monal changes, neurochemical binding patterns in the brain and spinal cord, and 
responses to known pharmacological agents. We are aware of many of these 
responses that potentially will confound the data being collected such as the 
impact of catecholamines on heart rate and blood pressure, [or] the effects of 
cortisol on the immune system. We may also be able to use such known actions 
to make a diagnosis of an animal’s emotional state. For example, if animals 
change their behavior after they have been given an analgesic, then that is some 
evidence that they were in pain. Increased heart rate, body temperature, and 
blood pressure as a result of catecholamine release could be a measure of fear 
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and anxiety. However, measuring hormonal levels is impractical; observing 
animals for changes in their behavior is more feasible.  

Stress physiologists look at hormone levels and use the term “distress” for 
animals that are not coping with their environment and in which the whole en-
docrine system can eventually become unresponsive. I call this syndrome dys-
stress, spelled with a y after the Greek dus, having a connotation of “badness,” 
as in dyspepsia (bad digestion). It may persist to a point where an animal cannot 
cope. In Europe, distress is interpreted more broadly than a physiological state 
of not coping and incorporates mental states rather than physiological states. 
That is when animals experience adverse feelings such as fear, anxiety, bore-
dom, malaise, frustration, and the like.  

There is a continuing debate about whether physiological levels (e.g., of 
hormones) are “harder” and more reliable scientific measures than measures of 
behavior. Some people think that signs are objective only if you can measure 
them and can assign a number on some sort of continuum. However, other signs 
(parametric) based on clinical signs or an animal’s behavior cannot easily be 
measured on a continuum (e.g., lameness, difficulty in breathing, stereotypic 
behavior) but are just as valid and just as objective, in the sense that we can ob-
serve them accurately and reproducibly. It is quite important that both sorts of 
signs be used depending on the circumstances and the adverse effects we are 
measuring. 

Whether metric or parametric measures are used it is still necessary to in-
terpret them in terms of understanding an animal’s mental state. It is this inter-
pretation of an increased heart rate or increased blood pressure or a behavior that 
is the subjective step. The observation of the behavior and the measurement of a 
hormone level are both objective, but both have to be interpreted into [a gauge 
of the] intensity of mental distress.  

In my opinion, in the measurement of animal well-being, behavior nor-
mally trumps physiology [in the] final integrated outcome of how an animal is 
feeling, it “votes with its feet.” We could invoke an analogy with people’s ex-
perience in hospitals today when they are in pain and do not get the treatment 
they feel they need. A scenario might occur where the nurse/doctor takes a blood 
sample and says, “No, you cannot be in pain, your blood hormones aren’t high 
enough.” What would you say? You know you are in pain and your behavior 
will most likely show that you are in pain (you may not want to move, feel nau-
seous, don’t feel like getting out of bed, look grey). All these physiological and 
behavioral signs are the outward integrated response but how you feel is mostly 
evidenced by your behavior and that is why I think behavior trumps physiologi-
cal measurements for those that cannot speak and communicate. 

In the ILAR working group on distress there were physiologists from the 
US who took the view that distress was the result of exposure to long-term 
stressors (I have referred to this as “dystress” above), and those from Europe 
who considered that (mental) distress could also result from a short-term expo-
sure to stressors and cause mental states such as fear. Of course, it is very impor-
tant from an evolutionary standpoint to be able to adapt to external stressors for 
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survival, sometimes referred to as “eu-stress” (Greek eu having a connotation of 
“good”). I recommend you read the ILAR report on distress; it is an extremely 
comprehensive document and it describes these tensions.1  

I tried to find out for this conference something about the use of the word 
distress and what was happening in guidance and legislation in various coun-
tries. I emailed several colleagues in various countries with the following ques-
tions:  

How does your country define distress and what emotional states would it 
cover? Would it for example cover the mental health of animals held for experi-
ment as well as being in an experiment? (Animals are kept in their housing for 
possibly 100% of their time, but they are not on experiment for all that time.) 
Some countries provided a definition of distress whereas others preferred a de-
scriptive approach to distress. That was very similar to what we decided in the 
ILAR group. 

How does your country help users recognize distress? Some countries pro-
vided a list of signs and a guide to their assessment based on changes from nor-
mality—the more the observation deviated from normality, the greater the im-
pact on the animal and the greater the distress.  

How does your country help users treat distress? The emphasis here was 
on withdrawal—withdrawal of the animal from the stressful situation or avoid-
ing it in the first place. Nobody really answered the question, although I was 
interested to see the Australian guidelines have started to follow the European 
Food Safety Authority (EFSA) model of welfare risk assessment. That is quite 
complicated, and I can give you some references to it. It is a rather tedious ap-
proach that looks at the intensity of an adverse state, its duration, the numbers of 
animals likely to be affected, and the likelihood that they will be affected if ex-
posed to a stressor (or hazard in RA terms), but it does present some very inter-
esting observations and challenging data sets to create. The [NRC report] had a 
section on treatment of distress, but I really don’t think it is going to be practi-
cal, because scientists are not going to want to give drugs that are neurologically 
active in their experiment. 

Does your country have any formal guidelines for users? Canada and Aus-
tralia had some formal guidelines, although I’m not quite sure how practically 
useful they are. When I looked through the [1996] US Guide for the Care and 
Use of Laboratory Animals, distress was mentioned only in conjunction with 
pain (i.e., “pain and distress”); there was no separate guidance on distress. But 
hopefully the ILAR report on distress will change that.  

I received only three or four replies to my e-mail. There was resounding 
silence from the competent authorities in most countries. However, I received a 
good response from Australia and New Zealand with some really interesting 
observations. I would argue that is because they are the ones that have been at 
the forefront in developing broad-based local animal care and use ethics com-

                                                 
1Recognition and Alleviation of Distress in Laboratory Animals (2008). Washington: 

National Academies Press.  
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mittees and distress would have been an issue for many lay members. The US 
was very much ahead in setting up ethics committees in the first place, but the 
formal composition and skill base of these committees was very narrow and 
different from those in other countries; for example, they excluded animal pro-
tection members and did not mandate those with training in ethics. 

I had a detailed response for farm animals from Italy, but unfortunately it 
was all in Italian. Many of the other countries either gave very general guide-
lines or simply did not address distress as a separate issue, although they often 
dealt with pain separately. 

In the US, the major emphasis has been on pain but ignores its duration 
and intensity, and that is common to many other countries. However, that is his-
torical, and maybe the revision of the Guide will include more information about 
intensity and duration of both pain and distress, in the same way that EFSA’s 
risk assessment does. 

One of the major differences is that the US, in general, is far less willing 
to give animals the benefit of the doubt in the absence of scientific evidence. 
This raises interesting and productive tensions, with a more rigorous require-
ment for validation of welfare measures in the US than in the EU or elsewhere. 
Validation of welfare measures is becoming a key issue in other areas of animal 
use—for example, welfare assurance schemes for farmed animals such as the 
Welfare Quality project in the EU. This is a massive project—17 million euros 
have been invested in this activity, which includes 44 institutions and 13 mem-
ber states, plus four in South America. They are trying to develop key welfare 
indicators that can reflect the quality of life of farmed animals before they are 
killed—did they have a good quality of life, did they have a life worth living, if 
you like? The Farm Animal Welfare Council in the UK is also looking into this. 

The issues are the same for research animals. How do we assess their qual-
ity of life, which will include validation of the measures and how we determine 
whether a particular measure reflects pain or distress? We need more research 
on validation of the measures, their robustness, reliability, and how feasible they 
are to measure, and can they be scored with good observer reproducibility? 

The advantage of measuring deviation from normality—measuring the 
impact of an experiment or system of husbandry on an animal—is that you don’t 
have to label it with a particular mental emotional state. The only reason one 
might want to label something as pain or distress is for implementing therapy: if 
an animal is in pain, it should receive an analgesic. However, distress is far more 
varied and complex and the cause is very important. Fear (e.g., of humans, 
rooms), anxiety (a raised awareness in general), frustration and boredom (e.g., 
because of housing and husbandry), malaise (e.g., because of infection) all have 
different causes and these have to be identified. Treatment will then be based 
more on causation as opposed to pain, which is generally easier to predict and 
diagnose and treat. It is also quite important not to label things too restrictively 
as various mental states often run together. 

Most international guidelines emphasize that one should take steps to 
avoid any adverse effects for scientific reasons. This can be done through better 
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training of personnel, better techniques carried out competently, closer observa-
tions of animals, and early detection of adverse states and their causes. 

In conclusion, mental ill health—i.e., distress—is the most common cause 
of suffering in laboratory animals. It is multifactorial and difficult to treat. There 
is little guidance in most countries on its recognition, assessment, avoidance, 
and alleviation. It can be recognized and assessed by measuring the impact of 
the procedures in animals, but research is needed to identify key validated and 
robust measures.  
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Pain: International Differences Across  
Guidelines and Approaches 

 
Matt Leach 

 
Introduction 

 
Most of the work reported here is the work of the members of the pain 

systems group at Newcastle University, UK; in particular, the work of Claire 
Richardson, Claire Coulter, and Paul Flecknell will be referred to. 

Before looking at guidelines and approaches a definition of animal pain is 
required. The most widely accepted definition of pain and the most appropriate 
in this case is that of the International Association for the Study of Pain (IASP 
1994): “An unpleasant sensory and emotional experience associated with actual 
or potential tissue damage, or described in terms of such damage.” 
 

Guidelines and Codes of Practice 
 

The vast majority of countries that carry out animal-based research have 
guidelines, almost all of which state that “Pain should be ‘minimized and/or alle-
viated…’” or have statements to a similar effect (e.g., ILAR, NIH, Australia’s 
National Health and Medical Research Council [NHMRC], the UK Home Office, 
the European Convention for the Protection of Vertebrate Animals Used for 
Experimental and Other Scientific Purposes [ETS 123], JCS, and CCAC). Pain 
can be minimized and/or alleviated using the principles of the 3Rs. The use of 
analgesia is critical. As a consequence of the guidelines that exist we should ex-
pect analgesia to be commonplace and extensive guidance on when and how to 
use analgesics to be in existence. So how widespread is analgesic use?  
 

Analgesic Use in Rodents 
 

A 2005 literature-based survey (Richardson and Flecknell 2005) looked at 
analgesic use in laboratory rodents undergoing painful procedures. It included 
papers published in bioscience journals in 1990-1992 (100 papers) and 2000-
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2002 (100 papers). The proportion of papers reporting no analgesic use, analge-
sia via anesthesia, and analgesic use is shown in Figure 1.1 

The high percentage of rodents that were reported not to receive analgesia 
is not surprising when we consider analgesic use in veterinary clinical practice 
in general. The work of Lascelles and colleagues (1999) in cats and Capner and 
colleagues (1999) in dogs demonstrates this (see Figure 2). The problem of low 
analgesic use is not a new problem as a similar situation was seen in human 
medical practice around 20 years ago. The lack of analgesic use in medical and 
veterinary clinical practice could be due to failure either to appreciate the sig-
nificance of pain or to recognize signs of pain.  

However, is this true for laboratory animals? The literature survey by 
Richardson and Flecknell (2005) carried a follow-up in which they emailed au-
thors who reported no analgesic use in their papers (67% of papers) and asked 
whether they had simply not reported analgesia use (underreporting) or had not 
administered analgesics (underuse). The change in the proportions of papers 
reporting no analgesic use, analgesic use, and analgesia via anesthesia is shown 
in Figure 3.  
 

Analgesic Use in Other Species and across Continents 
 

Two literature surveys in 2007 looked at analgesic use after surgery in ro-
dents (Stokes et al. 2009) and in larger species (rabbits, pigs, sheep, dogs, and 
primates; Coulter et al. 2009). The surveys covered studies that were carried out 
in a number of countries around the world and published between 2005 and 
2006; for rodents these involved 86 papers in 10 journals and for larger species 
75 papers in 61 journals. The results of these surveys are shown in Figure 4. 
 
 

 
FIGURE 1 Reported analgesic use in rats and mice in bioscience journals in 1990-1992 
(100 papers) and 2000-2002 (100 papers). Source: Richardson and Flecknell (2005). 

                                                 
1The figures in this article appear in color in the online posting of this report at 

www.nap.edu.  
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FIGURE 2 Percentage of dogs, cats, and small mammals receiving analgesia after differ-
ent types of surgery in the United Kingdom. Source: Richardson and Flecknell (2005). 
 

 
FIGURE 3 Changes in reported analgesic use in rats and mice in 2000-2002 after email 
follow-up of authors who reported no analgesic use. Source: Richardson and Flecknell 
(2005).  
 

 
FIGURE 4 Reported analgesic use in 2005-2006 after surgery in rodents (Stokes et al. 
2009) and larger species (rabbits, pigs, sheep, dogs, and primates) (Coulter et al. 2009). 
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These data can also be tentatively used to assess analgesic use by the con-
tinent on which the work was completed (see Figure 5). These are the only data 
of their kind as far as we know, and although they are indicative they should be 
interpreted with extreme care. The surveys were not designed to differentiate 
between countries, there was an unequal distribution of papers across countries, 
cultural differences were not taken into account, and the proportion of animal-
based research carried out in each country was not taken into account, [any of 
which] could bias results. 
 
 

 
 

 
FIGURE 5 Reported analgesic use by continent in 2005-2006 after surgery in rodents 
and larger species. Sources: Coulter et al. (2009); Stokes et al. (2009).  
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Why Is There Such a Low and Varied Use of Analgesia in Animals? 
 

There are a number of possible reasons for such low and varied use of an-
algesia in animals despite the prevalence of guidelines: 
 

 Some consider that animals don’t feel pain and this is dependent on at-
titudes to pain in animals, which vary among countries and professions. 

 There is no perceived need to give analgesics; however, this is often 
due to a failure to recognize indicators of pain in animals. 

 Concern over interactions between the analgesics we can administer 
and the experimental protocol being carried out on animals. 

 Concern over the extent of potential side effects associated with the an-
algesics we administer.  

 Tradition or historical data showing that a potentially painful procedure 
has been carried out without analgesics before, used as evidence that it can be 
again.  
 

In many cases unalleviated pain can cause as much if not more variation in 
the data as either interactions between the analgesics and experimental protocols 
or potential side effects associated with analgesics. If there is concern about the 
effect of analgesic administration on experimental validity then this can be con-
sidered with other sources of potential variation in a study (e.g., environmental, 
surgical) through well-designed and appropriate statistical analysis. In addition, 
the other effects of unalleviated pain on animal-based research should be appre-
ciated, such as causing the death of animals, which can require the use of addi-
tional animals to maintain the study design. Increasing the number of animals 
used does not fulfill the spirit of the 3Rs.  
 

In Summary 
 

It seems that in many cases the apparent rationales for withholding analgesia 
do not withstand close scrutiny, which can easily be seen in the peer-reviewed 
literature, as for a given procedure analgesia will be administered in one case but 
withheld in another when carried out on different species, or even the same spe-
cies, both between and within countries. Therefore, despite the prevalence of 
guidelines there remains considerable variation in the administration of analgesia 
in animal-based studies. 

The final point of this presentation was to ask those who attended this 
meeting why they think there is such considerable variation in the administration 
of analgesia in animal-based studies. 
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Euthanasia 
 

Gilly Griffin  

 
Introduction 

 
Various organizations around the world have developed guidance on 

euthanasia. Some have developed guidelines that are specific for animals used 
for scientific purposes, others have a broader mandate. Some of the organiza-
tions are also involved in overseeing animal use in science and therefore have 
tailored their documents to fit their particular national systems. A comparison  
of recommendations made in recent guidelines drawn from a variety of jurisdic-
tions is provided. Differences in recommendations can be the result of difference 
in interpretation of scientific evidence, but may also reflect difference in expert 
opinion, national systems, and societal values.  
 

Guideline Documents 
 

As national authorities overseeing animals used for scientific purposes 
have evolved, they have either developed or adopted guidelines as a means of 
holding animal users accountable to prevailing societal values. Guidelines for 
the ethical use and care of experimental animals provide the basis for acceptable 
practices relating to animal-based research, testing, and teaching. Guidelines 
may address particular procedures, conditions of housing and care, and the be-
havior of individuals carrying out procedures or caring for animals.  

The guidelines themselves are usually implemented at the local institu-
tional level, with local and/or national assurance, depending on the country. In 
some places, the national authority may be the organization that both develops 
the guidelines and provides assurance that they are implemented at the institu-
tional level (for example, the Canadian Council on Animal Care, CCAC). In 
other places, guidelines may be developed by one organization (for example, the 
American Veterinary Medical Association, AVMA) and implemented by an-
other (for example, the Office for Laboratory Animal Welfare, OLAW). To il-
lustrate this point, OLAW interprets and oversees compliance with the US Pub-
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lic Health Service (PHS) Policy on Humane Care and Treatment of Animals, 
which states that a method of euthanasia used in the United States must be en-
dorsed by the AVMA (OLAW 2002). The organization or authority responsible 
for overseeing the implementation of the guidelines may itself be operating ac-
cording to particular legislation or a policy framework that has an impact on the 
manner in which the guidelines are viewed and implemented as well as on the 
manner in which they were drafted in the first place.  
 

Development of Guidelines 
 

The development of guidelines involves the translation of scientific evi-
dence into recommendations that can be implemented in practice. Although best 
attempts are made to ground guidelines in current scientific evidence, there are 
at least two factors that make straight translation of science into guidelines or 
policy almost impossible to achieve. First, guideline development happens at a 
discrete point in time, whereas science is continually evolving. Guidelines there-
fore need to be sufficiently flexible to accommodate shifts in thinking that may 
improve the welfare of animals, particularly as guideline documents take a con-
siderable amount of time to produce.  

Second, however much one might strive to base guidelines on hard sci-
ence, in reality that science is subject to expert opinion, the regulatory frame-
work within which the animal-based research is carried out, and current societal 
values, as most oversight systems are either an arm of government or established 
to act on behalf of the broader public. These additional factors do not dilute the 
scientific basis for guidelines; rather, they translate hard science into guidance, 
and in doing so add value to the guidelines. This ensures that the guidelines can 
be readily implemented and can be defended both to the scientific community 
and the public at large.  
 
 

 
FIGURE 1 International harmonization. 
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International harmonization of guidelines is becoming increasingly impor-
tant due to the evolving globalization of science. For this reason, the Interna-
tional Council for Laboratory Animal Science (ICLAS), an international scien-
tific organization dedicated to advancing human and animal health by promoting 
the ethical care and use of laboratory animals in research worldwide, has been 
working on harmonization of guideline documents. At the ILAR symposium on 
science-based guidelines held in 2003, it was recognized that, due to differences 
in national systems of oversight, guidelines can only ever be harmonized and 
that standardization of guidelines is neither possible nor desirable (Demers 
2004a).  

Harmonization exercises conducted by ICLAS involve setting up interna-
tional working groups in various subject areas to establish relevant guiding prin-
ciples and to formally recognize guidelines that are suitable as international ref-
erences. This has been achieved for exercises in each of the following areas: 
euthanasia, humane endpoints, ethical review, and animal user training programs 
(Demers 2004b; Demers et al. 2006; www.iclas.org/harmonization.htm). The 
principles are extremely useful as they do not impede a nation’s ability to for-
mulate its own guidance appropriate to the oversight system in place. Rather, 
they provide keystones upon which guidelines can be built. For example, the 10 
principles generated by the ICLAS working group on harmonization of euthana-
sia guidelines (listed below) formed the starting point for the development of the 
CCAC guidelines on euthanasia of animals used in science (in preparation; since 
published, 2010). The principles were interpreted to address the particular Cana-
dian situation and formed the basis for guidelines that adopt guidance that is 
already well established as well as providing additional information and details 
where new scientific evidence has become available. This approach would be 
useful for any guideline development exercise. 
 

ICLAS Principles on Euthanasia 
 

The following ten principles on euthanasia prepared by ICLAS provide a 
means of evaluating euthanasia techniques (Demers et al. 2006): 
 

1. Whenever an animal’s life is to be taken, it should be treated with the 
highest respect. 

2. Euthanasia should place emphasis on making the animal’s death 
painless and distress-free. The method likely to cause the least pain and distress 
to the animals should be used whenever possible. 

3. Euthanasia techniques should result in rapid loss of consciousness, fol-
lowed by cardiac or respiratory arrest and ultimate loss of brain function. 

4. Techniques should require minimum restraint of the animal and mini-
mize distress and anxiety experienced by the animal before loss of consciousness. 

5. Techniques should be appropriate for the species, age, and health of  
the animal. 
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6. Death must be verified before disposal of the animal. 
7. Personnel responsible for carrying out the euthanasia techniques should 

be trained: (i) to carry out euthanasia in the most effective and humane manner; 
(ii) to recognize signs of pain, fear, and distress in relevant species; and (iii) to 
recognize and confirm death in the species. 

8. Human psychological responses to euthanasia should be taken into ac-
count when selecting the method of euthanasia, but should not take precedence 
over animal welfare considerations.  

9. Ethics committees should be responsible for approval of the method of 
euthanasia (in line with any relevant legislation). This should include euthanasia 
as part of the experimental protocol as well as euthanasia for animals experienc-
ing unanticipated pain and distress.  

10. A veterinarian experienced with the species in question should be con-
sulted when selecting the method of euthanasia, particularly when little species-
specific euthanasia research has been done. 
 

Euthanasia Guidelines 
 

The guideline documents analyzed for this paper (listed below) have been 
developed by nationally recognized organizations. They were determined to be 
the most frequently used guidelines in this area, although other guidelines on 
euthanasia are also available.  
 

 AVMA Guidelines on Euthanasia (2007, updating the 2000 Report of 
the AVMA Panel on Euthanasia). This document was prepared at the request of 
the AVMA Council on Research by the Panel on Euthanasia that convened in 
1999 to review and make necessary revisions to the fifth Panel Report, pub-
lished in 1993. In the 2000 Report, the panel updated information on euthanasia 
of animals in research and animal care and control facilities; expanded informa-
tion on ectothermic, aquatic, and fur-bearing animals; added information on 
horses and wildlife; and deleted methods or agents considered unacceptable. In 
2006, the AVMA Executive Board approved a recommendation that AVMA 
convene a panel of scientists at least once every 10 years to review all the litera-
ture that scientifically evaluates methods and potential methods of euthanasia for 
the purpose of producing AVMA guidelines on euthanasia. During the interim 
years, requests for inclusion of new or altered euthanasia procedures or agents in 
the AVMA Guidelines on Euthanasia will be directed to the AVMA Animal 
Welfare Committee. Revisions are based on a thorough evaluation of the avail-
able science and require Executive Board approval. The first interim revision, 
approved in 2006, added guidance on the use of maceration for chicks, poults, 
and pipped eggs (AVMA 2007).  

 Recommendations for Euthanasia of Experimental Animals (Close et 
al. 1996, 1997). These two documents (Parts 1 and 2) were prepared for the EU 
Directorate-General of the Environment, Nuclear Safety, and Protection (DGXI) 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

Euthanasia  145 

to be used with Directive 86/609/EEC of 24 November 1986, on the approxima-
tion of laws, regulations, and administrative provisions of the member states 
regarding the protection of animals used for experimental and other scientific 
purposes (No L 358, ISSN 0378-6978). They refer especially to Article 2(1), 
published by the European Commission in October 1995, which defines “hu-
mane method of killing” as “the killing of an animal with a minimum of physi-
cal and mental suffering, depending on the species.” These documents are in-
tended to be used in conjunction with the opinion of the Scientific Panel on 
Animal Health and Welfare (AHAW) of the European Food Safety Authority 
(EFSA 2005a). 

 Aspects of the Biology and Welfare of Animals Used for Experimental 
and Other Scientific Purposes (EFSA 2005b). This report summarizes the posi-
tion of the animal welfare panel of the European Food Safety Authority (EFSA), 
which was asked to consider the scientific evidence for the sentience and capac-
ity of all invertebrate species used for experimental purposes and of fetal and 
embryonic forms to “experience pain, suffering, distress, or lasting harm.” The 
panel also considered and made recommendations concerning humane methods 
of killing animals. This report updates recommendations made by Close and 
colleagues (1996, 1997). 

 Review of Schedule 1 of the Animals (Scientific Procedures) Act 1986: 
Appropriate Methods of Humane Killing (APC 2006). The UK Animal Proce-
dures Committee (APC) was asked in June 2001 to review Schedule 1. Recom-
mendations in the report include advice on humane killing of neonatal rodents; 
use of argon, nitrogen, or other inert gases; use of CO2; and weight thresholds 
for cervical dislocation of rodents. The Parliamentary Under Secretary of State 
for the Home Office responded to the APC’s review in August 2007 (Hillier 
2007), requesting further consultation on several of the committee’s recommen-
dations, while accepting the recommendation to provide advice on humane kill-
ing of neonatal rodents. These recommendations have not been implemented to 
date. 

 Public Statement: Report of the ACLAM Task Force on Rodent Eutha-
nasia (Artwohl et al. 2006). This report of the American College of Laboratory 
Animal Medicine is a response to growing concerns and controversy regarding 
techniques that were commonly used for rodent euthanasia. Three issues were 
targeted in the report: euthanasia of fetal and neonatal rodents, the use of CO2 
for rodent euthanasia, and the impact of euthanasia techniques on data.  

 Euthanasia of Animals Used for Scientific Purposes (ANZCCART 
2001; under revision). The aim of the publication is to provide investigators and 
members of Australian and New Zealand animal ethics committees with detailed 
information on methods of euthanasia relevant for animals used for scientific 
purposes, including species not generally used elsewhere (e.g., dingos and mar-
supials). 

 Canadian Council on Animal Care Guidelines on Euthanasia of Ani-
mals Used in Science (CCAC 2010, updating Chapter XII on euthanasia in 
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CCAC 1993) is based on recommendations made by the International Council 
for Laboratory Animal Science (ICLAS) Working Group on Harmonization and 
the two international reference documents on euthanasia recommended by 
ICLAS: the AVMA Guidelines on Euthanasia (AVMA 2007) and the Recom-
mendations for Euthanasia of Experimental Animals, Parts 1 and 2 (Close et al. 
1996, 1997). This information has been adapted to suit the Canadian research 
environment. 
 

Differences in Approach 
 

The foregoing descriptions of each guideline document underline the fact 
that there are differences in the intent for each. The AVMA (2007) Guidelines 
on Euthanasia are primarily to assist veterinarians in exercising professional 
judgment in the application of euthanasia. The document covers not only ani-
mals used for scientific purposes but also those used as companions and for 
food, animals in the wild, and exotic species. Close and colleagues (1996, 1997) 
provide guidelines that are specific to animals used for experimental purposes. 
Euthanasia of these animals would not necessarily be carried out by a veterinar-
ian. The EFSA recommendations are to be used in conjunction with those of 
Close and colleagues (1996, 1997) and will be legally binding once the new 
European Directive comes into force. Schedule 1 to the UK Animals (Scientific 
Procedures) Act 1986 provides a list of methods considered exempt from the 
requirement for a UK Home Office personal or project license. The CCAC 
guidelines and the ANZCCART guidelines are specific for animals used for 
scientific purposes and are targeted to investigators and animal care committees 
to provide them with the relevant information on which to base their decisions 
regarding methods of euthanasia. 

Irrespective of the framework within which these guideline documents are 
implemented, there is considerable similarity of intent. In the United States, 
animals used for scientific purposes essentially fall under the PHS Policy, which 
requires “avoidance or minimization of discomfort, distress, and pain when con-
sistent with sound scientific practices” and requires investigators to “consider 
that procedures that cause pain or distress in human beings may cause pain or 
distress in other animals” (OLAW 2002b). The Australian Code of Practice for 
the Care and Use of Animals for Scientific Purposes “assume(s) animals experi-
ence pain in a similar manner to humans” (NHMRC 2004). The CCAC policy 
states that animals must not be subjected to unnecessary pain or distress, and 
that cost and convenience must not take precedence when deciding on proce-
dures and matters relating to the care of the animals (CCAC 1989). Similarly, 
European Directive 86/609/EEC requires that “all experiments shall be designed 
to avoid distress and unnecessary pain and suffering to the experimental animal” 
(EEC 1986). Last, the UK Animals (Scientific Procedures) Act 1986 regulates  
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procedures that may have the effect of causing the animal pain, suffering, dis-
tress, or lasting harm (the inference being that procedures not covered under the 
Act [methods of euthanasia listed in Schedule1] should not cause more than 
momentary pain or distress to the animal) (Home Office 1986).  
 

Comparison of Provisions in the Guidelines 
 

A comparison of euthanasia methods across documents is challenging be-
cause of the different approaches in the documents. The AVMA Guidelines on 
Euthanasia (2007) provide a table of methods considered by the panel of veteri-
narians responsible for drafting the guidelines to be acceptable, as well as tables 
of methods that they considered conditionally acceptable or unacceptable. Close 
and colleagues (1996, 1997) and the revised table developed by EFSA provide 
information based on species groups using a 1-5 rating system. The criteria used 
to assess the acceptability of euthanasia methods are similar between the AVMA 
and the EFSA documents, as illustrated in Table 1 below. 
 

TABLE 1 Criteria Used to Evaluate Level of Acceptability of  
Euthanasia Methods 

 
Criteria used  
by EFSA  

Criteria used  
by AVMA 

Rapidity    

Efficacy    

Ease of use   

Operator safety   

Species suitability    

Aesthetic value  
(acceptability of method  
by operator)  

   

 

Table 2 shows a comparison of methods of euthanasia for rodent species, 
which are of particular interest because of the large numbers of mice and rats 
used for research and testing. This table has been prepared using a 5-star rank-
ing, where 1 star indicates that the method is unacceptable under most circum-
stances; 3 stars indicate that the method is acceptable under some conditions; 
and 5 stars indicate that the method is acceptable. As the Australian and Cana-
dian guidelines are currently both under revision, they have not been included. 
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TABLE 2 Comparison of Rodent Euthanasia Methods 

Method of euthanasia  

European guidelines (Close et 
al. 1996, 1997) as amended by 
EFSA (2005b) 

AVMA Guidelines  
(2007, amending the  
2000 Report of the AVMA  
Panel on Euthanasia) 

Inhalation anesthetics ***** ***** 

Pentobarbitol ***** ***** 

T-61 *** 
(i.v. only) 

*** 
(not available in the US) 

Inert gas *** *** 

Concussion *** 
(rodents under 1 kg) 

* 

Microwave irradiation *** 
(experienced personnel only) 

***** 

Cervical dislocation *** 
(rodents <150 g) 

*** 
(rodents <200 g) 

Decapitation ** *** 

CO2 ***** 
(unconscious) 
* 
(conscious) 

***** 

CO *  
(danger to operator) 

***** 

Ether * *** 

Rapid freezing * *** 
(only if anesthetized) 

Potassium chloride *** 
(only on unconscious rodents) 

***** 
(acceptable if anesthetized) 

 

Carbon Dioxide 
 

The use of carbon dioxide as a euthanizing agent has been increasingly 
challenged since the AVMA 2000 Panel Report. The principles espoused by all 
of the various international systems overseeing animal use in science are based 
on the premise that pain and distress must be minimized. In addition, the ICLAS 
principles of euthanasia point not only to minimization of pain and distress but 
also to immediate loss of consciousness as important in euthanasia. A review of 
the scientific literature provides substantial evidence that animals euthanized 
with carbon dioxide experience considerable pain and/or distress (depending on 
the manner in which CO2 is administered) (Conlee et al. 2005; Leach et al. 2002; 
Liotti et al. 2001; Niel and Weary 2007; Raj et al. 2004). To try to address these 
concerns, the following recent publications have made recommendations con-
cerning the euthanasia of rodents by carbon dioxide: 
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 Report of the ACLAM Task Force on Rodent Euthanasia (Artwohl  
et al. 2006) 

 CCAC Guidelines on Euthanasia of Animals Used in Science  
(CCAC 2010) 

 Guidelines to Promote the Well-being of Animals Used for Scientific 
Purposes: The Assessment and Alleviation of Pain and Distress in Research 
Animals (NHMRC 2008)  

 Opinion of the Scientific Panel on Animal Health and Welfare (AHAW) 
on a request from the Commission related to the aspects of the biology and  
welfare of animals used for experimental and other scientific purposes (EFSA 
2005a) 

 Review of Schedule 1 of the Animals (Scientific Procedures) Act 1986 
(APC 2006). 
 

In light of this concern, an international consensus meeting was held at the 
University of Newcastle upon Tyne in February 2006. The organizers recog-
nized that there was no definitive guidance on whether and how CO2 can be ad-
ministered humanely, and therefore brought together scientists with research 
experience in CO2 euthanasia, regulators, and members of the animal care com-
munity. The goals of the meeting were to try to reach consensus on the use of 
CO2, identify further research needed, meet the immediate need for practical 
guidance, and consider whether any preferable alternatives were currently avail-
able. The meeting concluded that there was no “ideal” way of killing rodents 
with CO2. Both methods currently used—prefill (placing the animals in a cham-
ber already charged with carbon dioxide) or gradual fill (placing the animals in a 
chamber and then gradually filling it with carbon dioxide)—can cause welfare 
problems. It was decided that it is not yet possible to recommend the use of 
other gases (such as argon or nitrogen) that cause death by hypoxia, and that 
more research is needed into the physiological and affective responses to a range 
of gaseous agents in order to identify good practice and potential alternatives to 
CO2 (Hawkins et al. 2006).  

In the interim, there are recommendations in guidelines that seek to estab-
lish good practice, in line with authors’ interpretation of the current scientific 
evidence. According to AVMA (2007), CO2 is acceptable for euthanasia in ap-
propriate species; ACLAM (2006) states that the current peer-reviewed litera-
ture does not establish consistent requirements for CO2 euthanasia and/or even 
provide a clear definition of what constitutes a humane death; and EFSA 
(2005a) recommends that CO2 not be used as a sole agent in any euthanasia pro-
cedure unless the animal has first been rendered unconscious, and that its use be 
phased out as soon as possible. Table 3 provides a comparison of recommenda-
tions on the use of CO2 as a method of euthanasia in the guidelines studied. 
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TABLE 3 Comparison of Recommendations Concerning the Use of Carbon 
Dioxide as a Euthanasia Agent for Rodents 
AVMA (2007, amending the  
2000 Report of the AVMA  
Panel on Euthanasia) 

Acceptable method – gradual fill 33% of  
cage volume per minute 

ACLAM (2006) Acceptable method – gradual fill 20%  
of chamber volume per minute 

CCAC (2010) Conditionally acceptable – use 2-step  
method where possible (i.e., inhalant  
anesthetic followed by CO2); otherwise use 
gradual fill >15% and <30% of the chamber 
volume per minute 

Australia Acceptable method – gradual fill 20% of 
chamber volume per minute 

EFSA (2005a) Conditionally acceptable – only on  
unconscious animal 

APC (2006) – Schedule 1 Review  Conditionally acceptable – rising  
concentration (gradual fill) 

 

Conclusion 
 

Organizations responsible for the development of guidelines all work to 
ground their recommendations in sound scientific evidence. Nonetheless, trans-
lation of science into policy necessarily includes a variety of factors, such as the 
particular regulatory framework in which the guidelines will be implemented 
and the current opinion of experts in the area, as well as current societal values. 
It has been stated that there is insufficient scientific evidence to be able to har-
monize guidelines worldwide (Kastello 2004, 201), and even if this were over-
come, these other factors would present obstacles. However, the harmonization 
exercises organized by ICLAS, which have resulted in sets of internationally 
agreed principles, can form the basis for the preparation of guidelines tailored to 
fit particular national systems for overseeing animal use.  
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INTERNATIONAL APPROACHES AND 
PRINCIPLES FOR HUMANE ENDPOINTS 

 
 

Humane Endpoints in Cancer Research 
 

Fraser Darling 

 
The vision of the Institute of Cancer Research is that people may live their 

lives free from the threat of cancer as a life-threatening disease. 
Cancer or malignant neoplasm refers to a class of diseases in which a 

group of cells display uncontrolled growth (in other words division beyond the 
normal limits), invasion (intrusion on and destruction of adjacent tissues), and 
sometimes metastasis (spreading to other locations in the body via lymph or 
blood). These three malignant properties of cancers differentiate them from be-
nign tumors, which are self-limiting and do not invade or metastasize. Most can-
cers form a tumor but some, like leukemia, do not. Cancer may affect people at 
all ages, even fetuses, but the risk for most varieties increases with age; and can-
cers can affect all animals.  

Cancer causes about 13% of all deaths and, according to the American 
Cancer Society, 7.6 million people died from cancer in the world during 2007. 
Where effective anticancer treatments do exist they can be very demanding on 
the patient. 

The objective of using live animals in cancer research is to develop rapid 
diagnosis, better treatments for existing cancers, and an improved prognosis for 
patients. With this in mind, scientists engaged in experimental cancer research 
follow four main areas of investigation, some of which use laboratory animals. 
Cancer research scientists attempt to discern, detect, identify, and develop. 
 

 To discern the biological mechanisms, scientists investigate different 
sites of origin in the body, why particular cancers are more prevalent in some 
tissues and not others, and the rate of growth and metastases of cancers. 

 The detection of potential carcinogens is an important chain in the link 
to identify agents in the environment such as chemicals, potential carcinogenic 
materials, exhaust fumes from motor vehicles, and other agents that may be re-
sponsible for carcinogenesis. 
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 Identification of individuals at particular risk looks at epidemiological 
studies and historical data to determine who in the general population may be at 
greater risk of developing certain types of cancer. This particular area of investi-
gation has taken an important step forward in recent years since the advent of 
genetic testing. Investigations may involve the examination of particular risk 
factors, including lifestyle (tobacco use, alcohol consumption, obesity, lack of 
physical activity) or genetic predisposition.  

 Developing ways to cure or control clinical disease is usually achieved 
by improving the prognosis for patients through the use of drugs, chemo-
therapeutic agents, radiation therapy, and/or surgical intervention. 
 

Laboratory rodents, usually mice and rats, have assisted scientists in the 
field of cancer research and it is clear that they will continue to do so. They are 
used as experimental models in cancer research studies only where there is a 
justified need and only if absolutely necessary. The Institute of Cancer Research 
does not use animals for research if nonanimal alternatives are available, and 
endeavors to set humane endpoints for all research involving laboratory animals. 

Because we need to use live animals in some research programs, it is es-
sential that these living creatures be afforded the best care at all times. Staff 
tasked with caring for animals in the laboratory are continually striving to im-
prove and enhance animal husbandry and welfare. An important part of this 
process is the use of humane endpoints in our animal experiments. 

[According to] the OECD, a humane endpoint can be defined as “the ear-
liest indicator in an animal experiment of severe pain, severe distress, suffering, 
or impending death.” Investigators make use of different humane endpoints de-
pending on the tumor model being studied in any particular animal, and try 
wherever possible to determine accurate, predictive, and reproducible humane 
endpoints. 

Humane endpoints should be a consideration for all experiments involving 
animals, but are essential in situations that may involve suffering or death (e.g., 
acute toxicology, infection, cancer, or inflammatory disease). They are just one 
manifestation in the process of refinement of animal experiments. Humane end-
points are best used with prospective planning for their use, not ad hoc to ad-
dress specific welfare concerns as they might arise. 

There are several considerations in arriving at the objective assessment of 
pain and suffering and translating this into the appropriate endpoint in a given 
experiment. An important point is the requirement to continually improve our 
skills at observing the animals and assigning some objective values to the obser-
vations we make (usually these are based on animal behavior and physiology). 
We also need to know, in any given study, which observations are the most sig-
nificant indicators of animal pain and suffering, and have scientific acceptance 
of these measurements; otherwise they become invalid and unworkable. It fol-
lows, therefore, that validation and monitoring of other study parameters are 
required to ensure robust predictability of the endpoint and minimal interference 
with the scientific objectives. 
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All personnel contribute to the care and welfare of the animals, and it’s 
important that these individuals be provided with the correct training and knowl-
edge in order to develop their required skills, and for each to progress to a level 
of competency. It is impossible to recognize signs of pain, suffering, or distress 
in any animal if you do not, or are unable to, recognize (and have not received 
training to be able to do so) normal signs of good health in an animal. Training 
and competency are very important attributes, especially when dealing with hu-
mane endpoints. Staff development of skills is an evolving process, and a clear 
program of training and mentoring enhances animal welfare and staff morale. 

Biomedical research encompasses all types of research including research 
into cancer. All research can be viewed as a giant puzzle. Humane endpoints are 
an important and essential part of the discovery process. Everyone in the world-
wide research community has an individual role to play in creating parts of the 
puzzle in order to find new treatments, enhanced therapies, and ultimately at-
tempts to cure some of our more difficult and challenging diseases, not just in 
the field of cancer research but in all areas.  

It’s important that if we continue to use animals for experimental purposes 
we do this in the most humane manner at all times. All who are involved in ani-
mal research must have a clear sense of responsibility, but more importantly a 
strong sense of compassion for the animals in their care. By the correct use and 
validation of appropriate humane endpoints we will help to add important parts 
to the puzzle. 
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Humane Endpoints in Infectious Disease 
 

Carol Eisenhauer 

 
The topic of my presentation is humane endpoints in infectious disease. 

This is a very sensitive and difficult topic, which I deal with almost every day as 
the IACUC chair at the United States Army Medical Research Institute for In-
fectious Diseases (USAMRIID). The opinions I am expressing today are my 
own and not those of my employer, the US Army.  

USAMRIID does infectious disease research on some of the most danger-
ous viruses and bacteria in the world, and we do this under biocontainment con-
ditions, generally ABSL-3 and -4 conditions. USAMRIID is AAALAC accred-
ited and, as IACUC chair I can avow emphatically, does everything under an 
approved animal protocol.  

The study of infectious disease generally involves studies of disease 
pathogenesis, immune response to infection, and development of therapeutics 
and vaccines. Because it is ethically and morally wrong to perform clinical effi-
cacy studies with humans, the FDA has developed the animal rule, which allows 
new drugs and biologic products to be tested in animals as a means to getting 
approval for human use. Safety testing must still occur in humans, and the ani-
mal model is critical to the success of the FDA approval process. It is necessary 
to understand that the animal study endpoints must be clearly related to the de-
sired benefit in the human; generally these are related to enhancement of sur-
vival or prevention of major morbidity. 

The animal welfare regulations require that procedures involving animals 
avoid or minimize discomfort, distress, and pain to the animals. The Public 
Health Service Policy states that animals undergoing chronic pain or distress 
should be euthanized as soon as feasible and appropriate, which leads to a dis-
cussion of humane endpoints. Death as an endpoint has always been a difficult 
issue in infectious disease research. Lack of reproducible animal models often 
leads to the use of death as an endpoint. The argument to support death as an 
endpoint is that euthanasia and termination of the study before scientific objec-
tives are met compromise study results. On the other hand, the counterpoint is 
that progression of infectious diseases to death allows unnecessary suffering, 
which compromises research results. 
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Simply put, many animal models of infectious diseases are not clearly de-
fined and it is difficult to reliably differentiate animals that will die from those 
that will recover despite showing severe clinical signs. There have been many 
instances in which a severely ill animal recovered from its experimentally in-
duced infectious disease. Death of the animal is the final proof that the challenge 
was lethal and that the vaccine failed to protect. Therefore some investigators 
are reluctant to euthanize early or to use anything but death as an endpoint. An 
argument may be made, however, that actual physiological events are missed 
when death is the only criterion evaluated. The data gathered from monitoring 
these events can be used to develop early and humane endpoints. Additionally, 
for a variety of reasons including tissue autolysis, death of the animal diminishes 
sample collection. Therefore, it is important to consider requirements for the 
development of early and humane endpoints. 

For an early endpoint to be acceptable, it must meet the following criteria: 
it must be indicative of inevitable progression to death; it must reliably differen-
tiate the animals that will die from those that will recover despite showing se-
vere signs of toxicity; and it must adequately mimic the death endpoint. 

The benefits of humane endpoints are many and should be emphasized 
during the planning meetings with investigators. Specifically, the development 
of uniform methods to assess endpoint criteria contributes to the validity and the 
uniformity of the experimental data. Detailed observations of clinical signs may 
lead to increased discriminatory experimental power. Last but most importantly, 
use of humane endpoints avoids or terminates unnecessary pain and distress for 
the research animal. 

It is very important to tailor the endpoints to each animal protocol. Differ-
ent animal species react differently to the same viral or bacterial challenge. For 
instance, Ebola Zaire is lethal in five to seven days in cynomolgus monkeys, 
whereas it is lethal in seven to ten days in rhesus macaques. And in Mauritius-
origin cynos, monkeypox is 100% fatal while in Chinese-origin cynos there may 
be only a 43% fatality. This emphasizes the importance of picking the right  
species and understanding the course of that disease in that species. Outcomes 
must also be defined; will morbidity suffice or must you go to the moribund 
condition? 

The route of the challenge is very important. The exposure route must be 
similar to that anticipated in humans per the FDA. This affects the time course 
and pathogenesis of the disease. It may be important to challenge at two or more 
doses, because this can help differentiate physiological changes between survi-
vors and nonsurvivors. The viral and bacterial strain to be used should also be 
considered when developing endpoints. Ebola Zaire is uniformly lethal and has a 
shorter time course than Ebola Reston, which is also lethal but with a prolonged 
time course. Finally, it is important to consider human safety when dealing with 
infectious diseases. 

When planning endpoints, one must consider observation frequency. It is 
critical to set reasonable observation frequencies to ensure human safety, the 
least stress to the animal, and investigator compliance. The frequency should be 
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set to minimize stress but allow for euthanasia, sample collection, and avoidance 
of progression to death. It is necessary to know whether the animal is nocturnal 
or diurnal and whether disruption of sleep will adversely affect the study. It is 
also necessary to determine when to increase your observation frequencies so as 
not to miss critical events.  

As mentioned, human safety must always be considered when dealing 
with infectious diseases. Promoting animal welfare by increased monitoring of 
animals after exposure can jeopardize human safety. Therefore, investigators 
and the IACUC should be encouraged to look for other, less intrusive and safer 
methods of monitoring the animals, such as telemetry and in-room cameras. 

Rodent species present their own challenges when developing humane 
endpoints. Rodents are generally group housed and they are not always indi-
vidually identified, making their observation difficult. Additionally, clinical 
signs of illness in rodents can be subtle and nondiscriminatory in nature. 

It may be necessary to consider objective versus subjective endpoint crite-
ria. It is important to use a mixture of both, but when using subjective criteria 
with three different people observing the animals throughout the day, they must 
be very adequately trained on exactly what these criteria mean—e.g., “What is 
ruffled fur in a mouse and should it be added to my score sheet?” The IACUC 
must work with investigators in the development and use of humane endpoints. 
In many institutions, the IACUCs have developed strong policies stating that 
death as an endpoint is not acceptable. The IACUC should also require the use 
of intervention criteria or score sheets that clearly define when the animal is to 
be euthanized.  

As I have already stated, the IACUC should work with the investigator to 
determine the best schedule of animal monitoring. Personnel that monitor the 
animals must understand normal species behavior as well as the clinical signs 
expected during the course of the disease. Observation frequencies should in-
crease as the clinical signs become more severe and these observations need to 
be documented. 

The IACUCs must ensure that there is an available point of contact for 
euthanasia so that when the time comes the animal will be euthanized promptly. 
In fact, it may be wise to have an alternate point of contact to ensure that when 
the score is met and it is time for euthanasia, this happens promptly. 

When the clinical course of the infectious disease is not clearly defined for 
the animal species, the IACUC should consider the use of a pilot study to allow 
for criteria development. The IACUC should use subject matter experts to assist 
in developing the criteria and should consider the use of analgesics for each in-
fectious disease, animal study, or protocol.  

The IACUC should review the use of observation documentation as part 
of its postapproval compliance monitoring. Another issue that the IACUC must 
discuss is whether the humane endpoints should be the moribund or morbid 
condition. This is a difficult issue and there is no right answer. Each study must 
be considered separately. Often in assessing the effectiveness of the treatment or 
vaccine, the moribund state is used, while the morbid state would be used if it is 
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not necessary to know if the animal will die as a result of the treatment or vac-
cine failure.  

In a score sheet that we use at USAMRIID with filovirus research done in 
macaques, if the score is equal to or greater than 10, the animal is administered 
pain alleviation. If it is greater than 20 the animal is considered terminally ill 
and is euthanized. Exceptions require consultations with the attending vet. The 
use of score sheets has progressed over the years and with each experiment re-
finements are made to improve them. 

In conjunction with the investigator we have been able to add some objec-
tive criteria; e.g., if liver enzymes double, a score of 1 is assigned, and if they 
triple a score of 3 is given. The hope is to avoid the moribund end state and 
euthanize when we see liver enzymes increase. 

So these are the kinds of things going on at USAMRIID in infectious dis-
ease research. Everyone has a score sheet, and every investigator is encouraged 
to define criteria or do a pilot study within that protocol so that future score 
sheets may be developed based on these criteria. 

In summary, it must be the goal of all infectious disease researchers  
using animals and of the IACUCs that provide oversight for these animals to 
develop humane early endpoints. Good science and humane animal care require 
nothing less. 
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Humane Endpoints and Genetically Modified  
Animal Models: Opportunities and Challenges 

 
Margaret Rose 

 
Technologies that enable the targeted manipulation of the genome have 

created new opportunities to study the role and interplay of specific genes in 
both the regulation and function of physiological and behavioral processes and 
the development of pathological conditions. Through the development of new or 
novel animal models, these techniques enable new insights into the molecular 
basis of disease processes and provide opportunities to develop targeted thera-
peutic approaches. 

Despite the potential benefits from the use of these technologies, there are 
ethical issues in relation to their application, some of which relate to the impact 
on the welfare of the animals involved. The establishment of humane endpoints 
is a key strategy in achieving the goal of refinement; when the use of animals is 
scientifically justified but where there is a risk of those animals experiencing 
pain or distress, applying the process by which humane endpoints are imple-
mented and reviewed underpins an informed and strategic approach to managing 
such risks.  

Genetically modified (GM) animal models present particular challenges 
when developing criteria to set humane endpoints. I will provide an overview of 
the animal welfare issues presented in the application of GM technologies and 
discuss the opportunities and challenges to applying humane endpoints when 
GM animal models are developed.  
 

Introduction 
 

The development of technologies that permit the targeted manipulation of 
genetic material—be that by transgenesis or targeted mutagenesis—has created 
opportunities to explore the organization, regulation, and function of molecular 
processes in both normal and pathological states in ways previously not possi-
ble. Further, the application of these methods has expanded the availability of  
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animal models that are more accurate analogues of the underlying disease proc-
esses and hence can be used to better understand disease processes and to de-
velop new, targeted therapies.  

While the potential benefits of the use of these technologies are recog-
nized (Royal Society 2001; NRC 2002; Nuffield Council 2005), there is continu-
ing public disquiet about their use (Einsiedel 2005). A range of issues are being 
raised, including fundamental ethical questions about the use of genetic modifi-
cation (GM) technologies and notions of the sanctity of life and the autonomy of 
the individual as well as concerns about risks to human health and the environ-
ment. The welfare of the animals involved also has been a recurring issue and 
has been addressed in a number of reports and guidelines (for example, Royal 
Society 2001; Animal Procedures Committee 2001; Dennis 2002; Robinson et 
al. 2003; Brown and Murray 2006; Wells et al. 2006; NHMRC 2007; CCAC 
2008).  

The process by which humane endpoints are developed, validated, and re-
viewed is a key platform in making progress toward the goal of refinement when 
animals are used for scientific purposes (Morton 2000; Stokes 2000). Humane 
endpoints are used for two complementary purposes: identifying the onset of a 
disease process so that early intervention is possible either to initiate treatment 
or to enable an early, defined endpoint in a study; or, alternatively, to determine 
the point when an animal’s condition has deteriorated such that its involvement 
in the study should be terminated.  

Setting humane endpoints involves identifying potential risks and validat-
ing criteria to, first, identify specific physiological or behavioral changes associ-
ated with the animal model and, second, assess the impact on the animal in rela-
tion to both the predicted effects of the experimental treatment and general 
criteria to assess the occurrence of pain and distress. Thus criteria are estab-
lished upon which decisions can be based and outcomes reviewed. This is an 
iterative process that underpins informed decision making and validates the on-
going refinement of experimental procedures. Although the same processes ap-
ply to establish humane endpoints with GM animal models, as highlighted by 
Dennis (2000) there are particular difficulties in these circumstances brought 
about primarily by the unpredictability of the effects of GM technologies on 
phenotypic expression.  

In recent years there has been a rapid escalation in the development of 
new GM models. In the biomedical sciences mice are by far the species most 
often used, but a range of species can be involved, including zebrafish, pigs, and 
nonhuman primates. Further, the pace and scope of the development of new GM 
animal models are likely to continue for the foreseeable future, which presents 
logistical challenges for the effective management of these animals, especially 
when this involves significant numbers of animals and many lines with differing 
phenotypes (Comber and Griffin 2007). 
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Welfare issues have been identified in relation to both the methods used to 
produce GM animals and the resulting phenotype. 

 

Production of GM Animals 
 

GM animal models are produced by a number of different methods that re-
sult in reduced or enhanced expression or inactivation of a gene. The most 
common methods used involve (1) transgenesis, where exogenous genetic mate-
rial from either the same or another species is inserted in a fertilized blastocyst 
by microinjection, electroporation, or a nonpathogenic viral vector and then im-
planted in surrogate mothers; (2) targeted mutagenesis, which results in the 
presence or absence of a specific gene (“knock-in” or “knockout”), which is 
achieved by inserting modified genetic material in cultured embryonic stem cells 
that are injected into a blastocyst and implanted in surrogate mothers; or (3) ran-
dom or chemical mutagenesis, where animals or their gametes are exposed to 
mutagens that increase the rate of mutations, resulting in the production of novel 
single gene mutations. Only a small percentage of animals produced will carry 
the modified genome and significant numbers of animals may be required to 
produce and maintain each GM line. Consequently, relative to the number of 
GM animals created, significantly more are produced and culled. 

A July 2003 report by a Joint Working Party on Refinement in the United 
Kingdom reviewed the relative advantages and disadvantages of the production 
of GM animals by either pronuclear injection or embryonic stem cell techniques 
and recommended strategies to promote both reduction in the numbers of ani-
mals involved and refinement of procedures to minimize impact (Robinson et al. 
2003). The report recommended criteria to benchmark the efficacy of proce-
dures so as to ensure production methods to maximize the potential to produce 
GM animals and management strategies to reduce surplus production. For each 
step in the process, the report recommends performance benchmarks (indicators 
when there is a need to review that process) and outlines possible causative fac-
tors that should be considered. Thus this report sets out current standards of 
good practice and provides a process to benchmark animal welfare outcomes in 
the context of the needs and justification for current methods.  

With both these technologies, donor animals undergo various, and some-
times multiple, procedures with the risk of associated pain or distress. Strategies 
to manage and minimize the impact on the donors of surgical procedures, su-
perovulation of females, and tissue biopsy for genotyping are discussed in this 
report. The recognition and uptake of opportunities to modify and refine these 
procedures will continue to play an important role in the future development and 
use of these methods.  

While reports such as this highlight the need to be aware of the impact of 
these procedures on the animals involved in the production of GM animals, in  
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the one study to date these procedures were not shown to have a significant ef-
fect on the behavioral and physiological development of mouse progeny up to 
30 weeks of age (Van der Meer et al. 2001). 

 

GM Animal Models 
 

GM animal models have been applied to the investigation of a range of 
human diseases such as diabetes, obesity, atherosclerosis, chronic heart failure, 
hypertension, cancer, autoimmune disease, and musculoskeletal and neurologi-
cal disorders. However, not all GM animals are bred as disease models. GM 
animals may exhibit clinical disease but, given that the rationale behind the de-
velopment of GM technologies is to tease out the role and function of individual 
genes or gene sequences, in many cases do not do so and that is not the intended 
outcome.  

Wells and colleagues (2006) observed that in only a minority of GM ani-
mals are animal welfare problems evident and that, with transgenic animals 
where most often the purpose is to study the function of a DNA segment, ad-
verse effects are uncommon and that for GM models developed using targeted 
mutagenesis (knock-in or knockout) where the purpose is to study the function 
of a single gene, either embryonic death or animals with no evidence of adverse 
effects are the most common outcomes. However, they noted that both targeted 
and random mutagenesis can lead to neonatal mortality or animals with com-
promised health or welfare.  

When adverse effects do occur they either are predicted on the basis of the 
particular genetic modification or, notably, are not of a kind that was predicted 
to occur or are seen in circumstances where adverse effects were not anticipated. 
It is the uncertainty and low predictability of such events that present particular 
challenges when managing GM animal colonies. Such unpredicted adverse ef-
fects may arise for a variety of reasons including the overexpression or the ab-
sence of the specific gene, interactions with collocated genes, or the influence of 
the genetic background of donor animals or the background strain that may in-
teract with the targeted modification. Furthermore, adverse effects may not be 
evident in the first generation and emerge only in subsequent generations (Den-
nis 2000). 

Abnormalities in GM animals may affect the viability of offspring and 
their long-term survival and welfare and may be linked to the specific gene 
modification or reflect a peculiarity of the phenotype of the background strain. 
A diverse range of abnormalities have been reported, including hydrocephalus, 
cleft palate, malformed limbs, absence of teeth, poor mothering, absence of 
milk, poor thermoregulatory ability, increased aggression and cannibalism, clot-
ting disorders, enhanced growth of tumors and development of metastases often 
at atypical sites, diabetes, osteoporosis, degenerative joint disease, respiratory 
disorders, inflammatory bowel disease, ulcerative colitis, liver and kidney 
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dysfunction, seizures, and sensory and locomotor abnormalities affecting sight, 
hearing, smell, balance, and social interactions. The occurrence of one or more 
of these abnormalities may necessitate the euthanasia of affected individuals but 
also may indicate the need to review the ongoing production of a particular line. 
In some of these conditions the impact can be alleviated by the implementation 
of treatment programs or changes to husbandry practices such as the provision 
of special diets, the placement of food and water on the bottom of the cage, and 
increased volume and changing of bedding (Brown and Murray 2006).  

A higher than expected incidence of infectious disease has been observed 
in GM animals (Dennis 2002). As highlighted in the review by Franklin (2006), 
GM animals respond to infections in a similar way to immunodeficient animals: 
they develop clinical infections due to common opportunists or to agents that 
would normally result in asymptomatic infections. GM may affect host specific-
ity of pathogens and infections may result in unusual or new phenotypes not 
necessarily due to immune defects. 
 

Humane Endpoints 
 

When developing humane endpoints for GM animal models the uncer-
tainty of the incidence, kind, and timing of adverse events presents a significant 
challenge (Dennis 2000). Furthermore, when animals develop concurrent dis-
eases—for example, 26% of mice developed diabetes in a transgenic model 
(R6/2) of Huntington’s disease (Luesse et al. 2001)—the determination of an 
appropriate endpoint may be confounded. Unquestionably, the development and 
implementation of monitoring strategies to assess the impact of a specific ge-
netic modification is essential to effectively manage the welfare of GM animals 
and to enable the development of effective humane endpoints.  

When a new genetic line is created a detailed description of its phenotype 
must be undertaken. With the rapid increase in the number of new lines being 
created, especially in mice, reference databases have been established that 
document the methods used to create and maintain the GM line and its pheno-
type; details in relation to the onset of changes, disease progression, and sug-
gested endpoints are included in some instances.  

Although some concern has been expressed that the monitoring of GM 
animals could focus on a description of the phenotype with insufficient attention 
given to animal welfare indicators (Brown and Murray 2006), these processes 
can and should be complementary and there are important benefits in establish-
ing effective humane endpoints when this occurs. A detailed phenotypic descrip-
tion, including animal welfare measures, will provide both a more accurate pic-
ture of the time course and characteristics of a phenotype and identify relevant 
indicators of negative effects on the animal’s welfare. Ideally, the quality of 
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these data will enable a more accurate determination of the specific settings for a 
humane endpoint by aligning phenotypic changes with animal welfare indicators 
and identification of special needs that can alleviate some effects. 
 

Monitoring 
 

Several protocols to monitor the welfare of GM animals have been devel-
oped (e.g., Dennis 2002; Wells et al. 2006) with many common elements.  

Dennis (2002) emphasized the importance of at least daily monitoring 
when new lines are created to ensure that signs of illness, physical defects, in-
jury, or abnormal behavior are detected and assessed, noting the importance of 
documenting what may seem to be unimportant changes—the frequency and 
specific elements of a monitoring program should detect both predicted and un-
foreseen changes. Dennis (2002) also stressed the need to include regular moni-
toring of the health status of GM mouse lines, including serological testing and 
postmortem examination. These measures also are an important component of 
developing a phenotypic description of a GM line.  

Similarly, Wells and colleagues (2006) proposed a structural assessment 
of the welfare of new GM lines focusing on the initial phase in the creation and 
phenotypic assessment, the aim being to create a “welfare profile” so that, once 
a line is established, monitoring would focus on several welfare indicators spe-
cific for that line. However, as noted by other authors, there can be discrepancies 
in the phenotypic description of a given GM line between different institutions. 
Consequently, this kind of welfare assessment also should be undertaken when 
GM lines are newly introduced to an institution.  

Wells and colleagues (2006) propose specific welfare assessments to be 
carried out in neonates and at weaning. In neonates, criteria such as skin color, 
surface temperature, activity, reflexes, response to touch, and evidence of a milk 
spot are proposed. At weaning, mice are assessed by appearance, coat condition, 
posture, gait, activity, clinical signs, and relative size; in addition, preweaning 
mortalities, evidence of aggression or stereotypies, and body weight are re-
corded, and more detailed behavioral assessments are recommended if behav-
ioral problems are identified. If no animal welfare problems are identified in 
neonates or weanlings, animals are monitored during routine husbandry proce-
dures. If animal welfare concerns either are identified in the assessment of neo-
nates or weanlings or subsequently emerge, animals then undergo more detailed 
assessments to identify special needs and criteria for humane endpoints. 

There is a convergence between protocols for monitoring animal welfare 
and for developing a phenotypic profile. As a minimum, Brown and Murray 
(2006) suggest that the following measures be included in phenotype screening: 
clinical chemistries, complete blood count, urinalysis, gross and histopathology 
of major organs, abnormal gross tissues and target organs, and an assessment of 
general health, sensory function, motor abilities, and behavioral tests as pro-
posed by Crawley (1999). Proposals such as that developed by Rogers and col-
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leagues (1997) and Crawley and Paylor (1997) to develop a comprehensive phe-
notypic profile have been widely adopted with various modifications and in-
clude measures relevant to animal welfare assessment. However, an important 
addition to these protocols is a comprehensive assessment of behavior that uses 
a range of laboratory-based tests to assess learning, memory, sensory motor ac-
tivity, feeding behavior, pain, reproduction, and emotionality. These kinds of 
data may also assist in evaluating or predicting the impact of the GM on animal 
welfare. 

Finally, when assessing phenotypic changes in GM animals, comparison 
with their wild-type, littermate controls is important. 
 

Refinement 
 

There are a number of ways to reduce the impact of GM on the welfare of 
a particular line (NHMRC 2007). The rapid development and refinement of GM 
technologies that limit temporal or spatial gene expression has resulted in re-
finements to the way in which the expression of phenotypes can be targeted and 
benefits the welfare of the GM animal by limiting or negating the expression of 
negative effects. Two common strategies used in the production and mainte-
nance of GM animals are, when there is an unacceptable level of morbidity, 
mortality, chronic disease, or abnormal behavior in homozygote animals, to 
maintain the GM line in heterozygous animals and, when the GM line is no 
longer needed for current research programs using cryopreservation, to store 
embryos, sperm, and ovaries. 
 

GM Models in the Neurosciences 
 

There has been a significant increase in the number of GM animal models 
in the neurosciences used in the study of neurodegenerative diseases such as 
Alzheimer’s, Huntington’s, or Parkinson’s disease, and psychiatric illness such 
as schizophrenia, depression, and anxiety, obsessive compulsive disorders, and 
pain and stress. In some circumstances, for example Huntington’s disease, a 
single gene may be involved, but many of these conditions involve complex 
gene interactions and the use of transgenic or knockout models provides new 
opportunities to study the function and interplay of individual genes to elucidate 
factors that influence the regulation and modulation of neural substrates (see for 
example the discussion by Mogil and Grisel 1998 in relation to pain studies, and 
Muller and Keck 2002 in relation to stress). Furthermore, the development of 
knockout lines has created the possibility of studying the role and function of a 
single gene in relation to behavior (Nelson and Young 1998; Anagnostopoulos 
et al. 2001).  
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An overview of the scope of GM animal models in the neurosciences  
provides some insight into the opportunities and challenges that GM animals 
present.  

One of the drivers for the development of a battery of behavioral tests to 
be used in the development of phenotype profiles for new GM lines has been the 
potential to use these animal models in the neurosciences. Consequently, one of 
the defining characteristics of these animal models will be changes to one or 
more behavioral tasks indicative of cognitive, emotional, sensory, or motor 
function. Changes in an animal’s ability to perform such tasks may relate to the 
experience of pain, stress, anxiety, fear, or depression. In further study of these 
models, a suite of specific behavioral tasks will be selected relevant to the hy-
pothesis being tested (Crawley 1999).  

In many GM lines animals do not show any evidence of clinical disease or 
abnormal behaviors but demonstrate a change in one or more tasks. For exam-
ple, in a study designed to look at dysfunction in the serotonergic system, which 
is implicated in psychiatric conditions such as anxiety and depression, compared 
to their wild-type controls 5-HT1A knockout mice showed increased anxiety in 
the elevated-plus maze test and decreased reactivity in the open-field test, 
whereas 5-HT1B knockouts showed the reverse, but neither line showed any 
difference in development, feeding behaviors, reproductive performance, or any 
other evidence of abnormalities (Zhuang et al. 1999). Changes in behavior such 
as increased aggression, altered maternal care, seizures, and impaired motor 
coordination and sensory abilities are seen in knockout mice where such 
changes are linked to the targeted gene (Nelson and Young 1998; Anag-
nostopoulos et al. 2001). Furthermore, transgenic and knockout mice with these 
kinds of modifications may develop changes that affect their ability to interact 
with their physical and social environment. For example, changes to genetic 
components of the dopaminergic system in mice are associated with changes to 
their olfactory ability (McGrath et al. 1999), resulting in increased aggression, 
changes in their social interaction (Rodriguiz et al. 2004), and increased fear 
response (El-Ghundi et al. 2001). 

In these kinds of models, setting criteria for humane endpoints presents 
particular challenges. This is not an issue when animals display signs of clinical 
disease or abnormal behaviors, such as seizures, but when the only evidence of 
behavioral change is in the performance of a behavioral task during a brief ex-
posure to an artificial environment and there is no evidence of change in any 
other measures, the decision is not so clear. Evidence of altered emotionality or 
cognitive ability in a behavior test does not indicate that such experiences are 
part of an animal’s day-to-day condition. The animal’s negative experiences 
may be limited to the brief test period and in these circumstances the frequency 
of testing should be considered in limiting impact. However, the occurrence of 
these kinds of behavioral changes concurrent with evidence of changes under 
normal living conditions shifts the weight of evidence and may indicate animal 
welfare concerns. For example, mice deficient in the extracellular matrix glyco-
protein tenascin-R (TN-R) showed increased anxiety when tested in the open-
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field and elevated-plus maze tests and decreased locomotor activity, but also 
showed significant changes in circadian activity in their home cage (Freitag et 
al. 2003).  

There are differing views as to the interpretation of stereotypic behavior in 
relation to animal welfare and, as shown in a review by Mason and Latham 
(2004), although in most circumstances where this occurs it is likely to be linked 
to poor welfare, there are exceptions. There are a number of reports where 
transgenic or knockout mice display stereotypic behavior with a range of genetic 
modifications (for example, Ambree et al. 2006; Berger et al. 2006; Chartoff et 
al. 2001; Hines et al. 2008; Mohn et al. 1999; Rodriguiz et al. 2004). A recent 
report on the recognition and alleviation of distress prepared by an ILAR com-
mittee (NRC 2008) concluded that stereotypies are undesirable and their preven-
tion is likely to improve animal welfare. The weight that is given to the presence 
of stereotypies in setting humane endpoints may be contentious. The context in 
which these occur may be relevant, but a special case would need to be made to 
maintain animals exhibiting stereotypies that cannot be alleviated under home 
cage conditions. 

In the context of neurodegenerative models where there is progressive de-
terioration of an animal’s condition over a prolonged time, there are examples of 
where the early detection of the onset of the disease identifies early intervention 
points and provides an opportunity to test therapeutic efficacy. For example, a 
transgenic model of Huntington’s disease measuring behavioral changes in 
open-field and elevated-plus maze tests detected the onset of a deterioration in 
motor activity prior to evidence of changes in anxiety levels (Klivenyi et al. 
2006), and the development of a transgenic model of Alzheimer’s disease 
showed cognitive and neurophysiological defects before the development of 
overt neuropathology (Gimenez-Llort et al. 2007). Further, a report by Drage 
and Heinrichs (2005) shows not only how the husbandry of a seizure-prone E1 
mouse can be modified to eliminate the onset of seizures when the mice are held 
by the tail but also evidence of behavioral and cardiovascular changes that can 
be used as predictors before the onset of seizures.  

There are ongoing challenges in the interpretation of behavioral pheno-
typic changes in relation to the fidelity to specific gene effects, including the 
confounding influences of husbandry and housing conditions, which are relevant 
to the setting of humane endpoints. Changes that result from compensation or 
developmental effects of the mutation, the influence of the genetic background 
strain, the influence of maternal behavior on adult phenotype, or pleiotropy can 
all confound interpretation of a phenotype (Gingrich and Hen 2000); differences 
in the background strain can result in significant phenotypic differences in pain-
related measures (Lariviere et al. 2001); and rearing conditions and neonatal 
handling can affect behavioral responses to pain and stress in adult mice (Stern-
berg et al. 2003; Parfitt et al. 2004).  

A number of studies have demonstrated the influences of laboratory condi-
tions on phenotypic expression (Crabbe et al. 1999; Wahlsten et al. 2003). Wür-
bel (2001) has argued that more attention should be given to the animal’s living 
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conditions and hypothesized that animals that experience an enriched environ-
ment (EE) would be less susceptible to minor environmental changes and there-
fore provide a more “standardized” response to test conditions. Although Wolfer 
and colleagues (2004) showed that EE did not result in differences in behavioral 
tests when applied to two inbred mouse strains and their F1 hybrids, studies in 
transgenic models of Alzheimer’s disease indicate the need to carefully evaluate 
the influence of EE in specific GM animals (Jankowsky et al. 2003; Richter et 
al. 2008). Recent studies showing that even subtle changes in EE or cage design 
are associated with significant changes in tests used for behavioral phenotyping 
(Tucci et al. 2006; Kallnik et al. 2007; Pietropaolo et al. 2007) highlight the ur-
gent need to further investigate these kind of effects.  
 

Conclusions 
 

The establishment of humane endpoints in GM animal models presents 
particular challenges due to the unpredictable nature and occurrence of adverse 
events. However, the scope and depth of monitoring required to accurately de-
scribe a phenotype, together with careful monitoring to assess animal welfare, 
provide a comprehensive framework to establish humane endpoints with a high 
level of accuracy as well as informing the development of effective strategies to 
reduce the impact of a specific genetic modification. Studies that can identify 
and demonstrate ways to modify confounding influences on the phenotypic ex-
pression of a specific gene will enable refinement of the setting of humane end-
points that will benefit both scientific and animal welfare outcomes.  
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Cross-Cultural Ethical Perceptions and  
Ways to Resolve Challenges 

 
Bernard Rollin 

 
The concept of animal welfare is inextricably bound up with ethics, with 

an ethics component. Animal welfare is in essence what we owe an animal and 
to what extent. This is not very well understood by animal users, particularly by 
the agricultural community. I was on the Pew Commission where we frequently 
heard that animal welfare is simply a matter of sound science. It is not. It is a 
combination of sound science and ethics. 

The relevant ethics that figures in the animal welfare equation comes from 
the societal ethic for animals, and there is in fact a new societal ethic emerging 
over the past 40 years that will likely dominate not only the West but, insofar as 
the West is the source of science in the East and elsewhere, the East as well.  

In recent years ethnocentrism has become a dirty word and a variety of 
factors have converged to create a bias against the bias in favor of our own cul-
ture. Postmodernism, feminism, atonement for past imperialistic sins, political 
correctness have all converged in favor of a putative neorelativistic tolerance for 
multiculturalism that we would have historically dismissed offhandedly.  

In fact, we do not accept many principles from other cultures. We don’t 
accept tribal butchery, we don’t accept clitoridectomies in young women, we 
don’t accept the Taliban repression of women. But multiculturalism has cer-
tainly exacted some costs. Consider for example the extraordinary proliferation 
of evidentiary baseless alternative medicine, some of which is purportedly bor-
rowed from the traditions of “other cultures” and on which the US public spent 
no less than $40 billion in 2005. This is not based in evidence and not based in 
science. 

Hence too our current concern: How do we arrive at a conception of ani-
mal welfare that does justice to the bewildering array of views of this concept 
across different cultures? Part of the reason this issue creates perturbation 
among scientists is their historical disavowal of ethics being integral to science. 
The mantra is: “Science is value free in general and ethics free in particular.” 
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When I was trained in science in the ’60s I got that mantra. My students 
are still getting it, although it is not quite as widespread as it was, fortunately, 
because it really is a detriment to the thriving of science in our society, which 
already is facing formidable obstacles. 

Thus it is widely believed that animal welfare can be explicated without 
reference to values, simply on the basis of objective biological fact. In reality, 
the variation across cultures in views of animal welfare can be found historically 
intraculturally. It is simply magnified by considerations of cultural variability. 

Consider the following: In 1981 in response to burgeoning societal con-
cerns about animal welfare, the US agricultural community, represented by the 
Council for Agricultural Science and Technology (CAST), published Scientific 
Aspects of the Welfare of Food Animals. Reflecting a ubiquitous view among 
producers, the CAST report spoke of welfare as follows: The principal criteria 
used thus far as indices of the welfare of animals in production systems have 
been rate of growth or production, efficiency of feed use, efficiency of reproduc-
tion, mortality, and morbidity. In other words, the welfare of an animal is de-
fined and determined by how well it fulfills the human purpose to which it is 
put, with no reference to how it feels, whether or not it suffers pain, distress, 
anxiety, boredom, loneliness, frustration, inability to move or be with con-
specifics, and so on. 

Implicit in this definition are a set of values and a set of moral obligations 
that are easily extracted: Humans are morally obliged to provide animals only 
with a set of conditions that allows the animal to fulfill the purpose for which it 
is kept by humans. In Kant’s terminology, then, animals are in no way ends in 
themselves, they are strictly means to an end, a human end. Animal welfare is 
based solely on these human ends. In metaphorical terms, welfare is to animals 
as sharpness is to a saw, what is needed for both to be functional tools. 

At roughly the same historical moment, the early 1980s, other definitions 
of animal welfare were promulgated. In the writings of Marian Dawkins, Ian 
Duncan, and myself, one essential feature of welfare was argued to rest in what 
the animal experienced, its subjective states. The moral position implicit in such 
views was that animals ought to be at least in some measure in Kantian terms 
“ends in themselves” because they were conscious, and what they experienced 
mattered to them. By the way, at that time much of the scientific community was 
agnostic about the concept of animal consciousness. They overtly denied either 
the existence or the knowability of animal consciousness; therefore what we did 
to animals and how we forced them to live didn’t matter. 

In my view of welfare, animals have intrinsic value rather than merely in-
strument value—that is, value merely as tools—because they are capable of 
valuing in their subjective life what happens to them. There were other defini-
tions of welfare—e.g., the Farm Animal Welfare Council (FAWC) notion of the 
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Five Freedoms1 that grew out of the Brambell Commission, and so forth. The 
point here is that even in British and American culture, one could find numerous 
very obviously different and incompatible definitions of animal welfare, based 
in radically differing views of the moral status of animals, separated irreconcila-
bly by disparate ethical values underlying them. Thus, the existence of divergent 
views of animal welfare, differing across cultures, does not raise any new con-
ceptual problems that were not already present by virtue of the intracultural 
value-based differences in views of what constitutes animal welfare.  

It is in no way surprising that animal welfare should have emerged as a 
moral issue in the latter part of the 20th century, because of the precipitous 
changes in the nature of animal use that transpired in the mid-20th century. For 
the entire history of civilization, the overwhelming use of animals in society was 
in agriculture—food, fiber, locomotion, and power—and the key to success in 
agriculture was good husbandry. Husbandry meant putting your animals in the 
optimal conditions dictated by the animal’s biological natures and needs, and 
augmenting their native ability to survive and thrive by provision of food during 
famine, water during drought, help in birthing, medical attention, and protection 
from predation. 

This has been called the ancient contract. It was based on the insight that 
producers did well if and only if animals did well, and vice versa. Thus, hus-
bandry was, in equal measure, a prudential and a moral imperative, sanctioned 
by what is after all the ultimate motivation for human beings, self-interest. Thus 
defining animal welfare and animal ethics was a nonissue. 

In fact, the only animal ethic that was needed and can be found as early as 
the Bible arose from the need to cover the case of the small number of psycho-
paths and sadists who were unmoved by self-interest. In other words, if you 
were using animals in an agricultural way, which was the primary use of ani-
mals, you needed to put them in decent conditions and provide for their needs 
during famine and drought and so forth and so on in order to be financially suc-
cessful. 

Defining animal ethics and animal welfare became an issue when the na-
ture of agriculture changed from husbandry to industry. The values changed as 
well. Primacy was now given to the values of efficiency and productivity. 
Whereas one can characterize husbandry as putting square pegs in square holes, 
round pegs in round holes, and creating as little friction as possible doing so, the 
Industrial Revolution provided us with “technological sanders,” as it were, that 
allowed us to force square pegs into round holes, round pegs into triangular 
holes, while still keeping animals productive—things like air-handling systems, 
antibiotics, vaccines, etc. If one had tried to develop these systems during the era 
of animal husbandry, the animals would be dead in weeks of disease spreading 
like wildfire, but with these sanders we can force square pegs into round holes. 

                                                 
1These are freedom from thirst, hunger, and malnutrition; freedom from discomfort; 

freedom from pain, injury, and disease; freedom to express normal behavior; and freedom 
from fear and distress; available online (www.fawc.org.uk/freedoms.htm). 
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What was lost was the isomorphism between the animal well-being and 
productivity that characterized husbandry, and thus animal welfare and animal 
ethics became an issue instead of a presupposition of animal use. This was po-
tentiated by the advent at roughly the same time, the 1940s, of large amounts of 
animal research and testing, again representing significant animal use that vio-
lated the symbiosis inherent in husbandry. 

The research community typically deflected this issue by being agnostic 
both about the relevance of ethics to science and about animal consciousness. I 
was a principal architect of the 1985 federal laboratory animal laws in the 
United States. In 1982 when I went before Congress to defend them, I was asked 
to prove that there was a need for such a law. The research community claimed 
they were already controlling pain in research animals. 

So I went out and, with a colleague at the Library of Congress, did a litera-
ture search on laboratory animal analgesia. How many papers did I find? I found 
none on laboratory animal analgesia. When I broadened it to animal analgesia, I 
found two, one of which said there ought to be papers, and the other said here is 
what we know: it was a one-pager in the Journal of the American Veterinary 
Medical Association and it was very honest about not knowing anything and 
how there was a moral imperative to know. 

As public cognizance of the radical changes in animal use grew beginning 
in the 1960s and 1970s, efforts in favor of restoring fairness to animal use began 
to pervade Western society, beginning in Britain in the 1960s and resulting in 
the view that animals were entitled to the famous five basic freedoms. The ensu-
ing years saw the emergence in Western society of “the new social ethic for 
animals.” 

As anyone attending to cultural history can easily determine, the issue of 
animal treatment assumed major social prominence beginning about 1970. 
Whereas 30 years ago in the United States one would have found no federal bills 
pending in Congress pertaining to animal welfare, the last decade has witnessed 
up to 50 and 60 per year. On a state level in 2004, there were well over 2,100 
bills proposed in state legislatures pertaining to animal welfare; there were over 
200 in California alone. 

Most Western countries have recently adopted new laws protecting labora-
tory animals and ensuring control of their pain, often despite opposition from the 
research community, which preferred a laissez-faire approach. Britain is of 
course a notable exception, given the act of 1876. 

Much of Northern Europe and the European Union have introduced major 
restrictions on confinement agriculture, probably the most dramatic being the 
Swedish law of 1988 that abolished confinement agriculture as taken for granted 
in the US, and created what the New York Times very presciently called in 1988 
a “bill of rights for farm animals.”  

Although the US has been slow in developing its concern for agricultural 
animals, in the last few years it has tended to accelerate, partially due to refer-
enda, legislative initiatives to abolish the most egregious of practices. The Pew 
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Commission report (PCIFAP.org) also educated a myriad of people who didn’t 
really know about agriculture before. 

Well, we can proffer evidence indefinitely, but I think enough has been 
said and placed in evidence to buttress my claim regarding social concern. So 
the question that arises is, if there is that much social concern, how is it express-
ing itself ethically? 

Historically, both the laws protecting animals and the social ethic inform-
ing them were extremely minimalist, in essence forbidding—and this is lan-
guage from the legal system, from the cruelty laws as well as from judicial in-
terpretations of those laws—deliberate, willful, sadistic, deviant, extraordinary, 
unnecessary cruelty not essential, as one judge put it, to ministering to the ne-
cessities of man, or completely outrageous neglect. 

Those of you involved in animal welfare may well be aware that early ef-
forts to regulate animal research invoked the cruelty laws and tried to present in 
evidence certain research that was “cruel,” and the universal judicial assessment 
was that research is not the sort of thing that can be cruel. It is not deviant, it is 
not sadistic, it does not betoken psychopathic behavior, etc. That is why it was 
essential to develop, as one judge put it, a new ethic for animals, by going not to 
the judiciary but to the legislature. 

The ethic of anticruelty is found in the Bible and in the Middle Ages. St. 
Thomas Aquinas, while affirming that although animals were not direct objects 
of moral concern, nonetheless forbade cruelty to them on the grounds that those 
who would be cruel to animals will inexorably graduate to people. This is an 
insight that has subsequently been buttressed by decades of social scientific re-
search—our last dozen serial killers all had early histories of animal abuse. 
Those involved with battered women’s shelters know that provisions must be 
made for the woman’s animal or the husband who is a batterer will go back and 
hurt the animal to get back at the woman. Psychiatrists acknowledge animal 
abuse…as sentinel behavior for subsequent psychopathology.  

Roughly beginning in 1800, anticruelty laws, reflecting the anticruelty 
ethic, were codified in the legal systems of most Western societies. The key no-
tion explaining why there was a demand for a new ethic can be found in the fact 
that the old ethic was so restricted in scope. If I draw a pie chart representing all 
the suffering that animals experience at human hands, how much would you say 
was the result of deliberate cruelty, a lot or a little? Every audience says a little. 
One week I spoke to PETA at San Francisco State and the Billings Rodeo Asso-
ciation of Montana, and they both said 1%. Well, if only 1% is covered by the 
cruelty ethic, then 99% is not. What that means is, as society has begun to con-
cern itself with the other 99%, it has sought a vocabulary, an ethic, of expressing 
that concern in a manner that doesn’t invoke cruelty, which is essentially irrele-
vant. 

Most animal suffering results from putatively reasonable and defensible 
uses—industrial agriculture, which is meant to provide cheap and plentiful food; 
scientific research, which advances knowledge, cures disease, and provides me-
dicaments.  
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In the 1970s when I was hired by a veterinary school to develop the field 
of veterinary ethics, I realized pretty early that the moral status of animals was a 
fundamental question in veterinary ethics. That led me to think about what sort 
of ethics society was likely to develop if indeed it was to continue to be con-
cerned about animals. It dawned on me after about two years that ethics does not 
come ex nihilo—it doesn’t come out of nothing. As Plato said, all ethics builds 
on preestablished ethics. I surmised that society would look to the ethic we have 
for people and modify it, change it—mutatis mutandis, as philosophers say—
appropriately change it to fit the animal situation. 

What aspect of our ethics is in fact being extended? One that is applicable 
to animal use is the fundamental problem of weighing the interests of the indi-
vidual human against the general public. Different societies have provided dif-
ferent answers to this problem. Totalitarian societies opt to devote little concern 
to the individual, favoring instead the state or the Reich or the Volk or whatever 
their version of the general welfare may be. At the other extreme, anarchical 
groups such as communes give primacy to the individual and very little concern 
to the group; hence they tend to enjoy a very transient existence, such as the 
communes of the 1960s did. 

In Western society, however, a balance is struck. Although most of our 
decisions are made to benefit the general welfare, fences are built around indi-
viduals to protect the individual’s basic human interests from being sacrificed 
for the majority. Thus we protect individuals from being silenced even if the 
majority disapproves of what they say. We protect individuals from having their 
property seized without compensation, even if such seizure benefits the general 
welfare. We protect individuals from torture, even if they planted a bomb in an 
elementary school and refuse to divulge its location.  

What are these interests that we protect? We protect the interests of the in-
dividual that we consider essential to being human, to human nature, from being 
submerged for the sake of the common good.  

What are these fences around human individuals called? They are rights. 
I’m not obviously going to be using the animal rights locution in the same way 
as the animal rights people do. What they really mean is animal liberation. All 
the legislative flurry of activity, the 2,400 bills proposed and similar acts, is an 
attempt to provide societal guarantees of proper animal treatment since hus-
bandry no longer ensures it. It is absurd to suggest that these are the same rights 
that humans have, because animals do not have the same natures that humans 
have. I thought about not using the locution of rights, but I knew you would re-
alize that the concept was being invoked. However, it is the concept being in-
voked by the general public. 

If you look at surveys (which I don’t really tend to trust but they are indi-
cators), close to 90% of the public will affirm that animals have rights. I have 
lectured to 15,000 Western ranchers in every ranching state. What percentage of 
them would say animals have rights? In my experience, well over 90% would.  

An example of that occurred when the governor called a conference on the 
effects of animal welfare and animal rights on Colorado agriculture about 18 
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years ago. The opening speaker was the head of the Colorado Cattlemen’s Asso-
ciation. He said, “If I had to raise animals like the chicken people do, I’d get the 
hell out of the business.” I work very closely with these people. I just brokered a 
deal between the Humane Society of the United States and Colorado agriculture 
to avoid the costly referendum that took place in California, Proposition 2, ban-
ning veal crates and battery cages and gestation crates. It would have cost Colo-
rado agriculture $12 million to fight it and lose two to one, and they didn’t have 
$12 million, so we were able to broker a compromise. 

People are seeking to build fences around animals. There were two sur-
veys, one done by Gallup, one by Oklahoma State University, both of which had 
almost identical results, although you would expect a discrepancy because Okla-
homa State is a very strong agricultural school and the poll was not particularly 
agriculturally oriented. They both found that 80% of the general public wants to 
see proper treatment of farm animals ensured by legislation.  

People in society are seeking to build fences around animals to protect the 
animals and their interests and their natures, which following Aristotle I have 
called telos. Those of you who studied Aristotle know what he means by telos: 
the biological and behavioral and psychological needs and interests that are con-
stitutive of a given type of animal—e.g., the pigness of the pig, as one of my 
book reviewers once wrote, or the cowness of the cow. They are trying to pro-
tect that from being totally submerged in the quest for human general welfare, 
and are trying to accomplish it by going to the legislature. 

With good husbandry, respect for telos occurred automatically. In indus-
trial agriculture where it is no longer automatic, and also in animal testing, peo-
ple wish to see it legislated. 

Very simply, the new ethic recognizes that fish must swim, birds must fly. 
Clearly, then, the notion that animals ought to have legal protection for funda-
mental aspects of their natures, a notion actualized in the Swedish agricultural 
law of 1988 and implicit in the Brambell Commission, is a mainstream phe-
nomenon. 

One of the most extraordinary things about writing the laboratory animal 
laws was the fact that the public did not divide on party lines. Support for con-
trolling pain and suffering in animals, for example, was invariant across Democ-
rats and Republicans.  

People were not saying do not use animals in research. What they are say-
ing is, if you use animals in research, control the pain, control the distress. Dis-
tress is demarcated from pain in the US laws.  

Conceptually speaking in terms of legal theory, animals cannot have rights 
because they are property. The old slave decisions established that anything that 
is property cannot have rights. This is a solecism, a legal oxymoron. However, 
this could not be changed without a Constitutional amendment although a lot of 
legal scholars are trying to do precisely that. 

There was an animal law conference at Harvard Law School two years ago 
where 350 people filled every space and 300 were turned away. Over 100 law 
schools have courses in animal law, and a big thrust of most of those law profes-
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sors is enfranchising animals and abolishing invasive animal use. But the same 
functional goal can be accomplished by restricting how animal property is used, 
which is exactly what the proliferation of laws attempts to do, including the 
laboratory animal laws. The day they passed I was sitting with Tom Wolfle from 
NIH and Dale Schwindaman from USDA, and they both shook my hand saying, 
“Congratulations, you have established certain minimal rights for animals.” 
These men were hardly radicals and essentially what they were saying was that 
an animal now had the right to have its pain controlled if pain is inflicted in the 
course of research, unless you were studying pain.  

The good news is that we have gone from two published papers on analge-
sia to more than 11,000, with a correlative increase in its use, however deficient 
that use may still be. 

So with this analysis in mind, we can begin to answer the question of cul-
tural relativity of concepts of animal welfare. If our account is correct, there is 
not great disparity across at least different Western societies: all believe morally 
that animals should legally have their natures and interests protected and this 
should be accomplished by the legal/regulatory system. This is perhaps truer in 
Europe than in America.  

Insofar as this notion seems to pervade Western democratic societies, 
which dominate the world politically and economically, it appears that this 
notion will dominate as the key notion of animal welfare, even as Western 
democratic notions of human rights have dominated discourse regarding human 
ethics.  

People in other countries are beginning to realize that this notion will 
dominate. For example, two years ago I addressed 300 Southeast Asian agricul-
ture animal producers who were greatly interested in what is happening in the 
West because they knew that they would have to abide by those standards if they 
were going to trade with the West. Recent announcements by Chinese govern-
ment officials explicitly state that pressures of globalization are forcing China to 
consciously consider animal welfare and animal welfare legislation for the first 
time in its history. 

As more and more US research is being shipped to other countries for eco-
nomic reasons, we can be morally certain that public opinion will demand that it 
be accompanied by the new ethic. Judy MacArthur Clark has a project to try to 
bring Western ethical standards to these countries where the research will be 
exported. 

As we argued earlier, the concept of animal welfare is deeply value-laden, 
both in what we choose to consider ingredient in an animal’s welfare and to 
what extent we are willing to satisfy those welfare concerns. This in turn first 
led to producers saying that welfare is what the animal requires to do the job we 
expect of them. That has been turned around by the new ethic and placed the 
locus of welfare in the animal, not in our generosity or largesse. That is the 
source of the notion of rights, that they are entitled rather than simply being a 
matter of our will. 
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We have argued that the new ethic is intended to restore the fair contract 
inherent in husbandry, and it is primarily agricultural. It happened with research 
first in the US because we are removed from agriculture. My average Columbia 
PhD friend still thinks farms are Old McDonald’s farms. We have argued that 
the new ethic is intended to restore the fair contract inherent in husbandry and to 
ensure that animals lead decent lives. We have further argued that the source of 
our primary obligation to animals is derived from attending to the animals’ na-
tures, even as the rights of humans are based in respecting the essentials of hu-
man nature. How does this notion transfer to animals? 

In the US Constitution and in the foundational documents of other demo-
cratic societies, the relevant concept of human nature was derived from people’s 
reaction to being denied certain things, from oppression. Having been denied 
freedom of religion or belief, people demanded that such belief be protected 
from governmental intrusion. Similarly, this is true of the seizure of property. 
Philosophically, the notion of human nature is of course very problematic, with 
many theories abounding about what human nature is and with some 
philosophers, notably existentialists and Marxists, affirming that there is no such 
thing. Interestingly enough, I would argue that whatever position you take on 
human nature, the notion of animal nature is far less problematic than the notion 
of human nature. 

Animal life is far less plastic than human nature and is far less influenced 
by culture, and is thus far easier to define. It is more obvious, for example, that 
lions are predators than that humans are. Determining what animals are evolved 
for is simpler than answering the same question about humans. So obvious is it 
that animals have a nature that Aristotle, the greatest philosopher of common 
sense in antiquity, made it the cornerstone of his biology, and correlatively made 
biology based in telos the root metaphor for explaining everything in the uni-
verse. Whereas for Cartesian and post-Cartesian modern biology, biology is best 
expressed in terms of physics and chemistry, for Aristotle physics and chemistry 
were to be explained using functional biological categories. Physics was for 
Aristotle the biology of dead matter, to put it paradoxically. Biological catego-
ries, functional categories, are the most appropriate categories for explanation 
when it comes to living things. 

So in De Anima, which is his biology, Aristotle lays out a functional tem-
plate for biology that still serves as the framework for the way biology is taught 
in high school. Any living thing, says Aristotle, is a constellation of functions 
constitutive of its nature, and all living things are to be described in terms of 
how they fulfill these functions—locomotion, reproduction, nutrition, excretion, 
sensation, and so on. We characterize living things in terms of how they fulfill 
these functions. These functions, then, I would argue, constitute the telos of any 
type of animal—the pigness of the pig, the dogness of the dog. Aristotle says, 
tellingly, this nature is knowable simply by intelligent and repeated observation. 
Respect for the animal’s nature was essential for traditional agriculture: the 
greater the respect, the better the husbandry, the more productive was the ani-
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mal. The fact of agricultural success attested to knowledge of animal telos. Un-
der extensive conditions, productivity did betoken good welfare. 

Modern agricultural use circumvents respect for telos and forces square 
pegs into round holes. Other animal uses ignore telos—for example, zoos and 
maintenance of animals in research settings, where animals are housed in condi-
tions developed largely out of convenience for us but in violation of the needs 
flowing from their natures, as when nocturnal burrowing creatures are kept in 
polycarbonate cages under bright illumination or when social animals are kept in 
isolation in zoos, or the most egregious example I ever experienced in my youth, 
a giraffe cage in which the giraffe could not stand up. Such a situation would not 
occur today, which in a weak way attests evidentially to the claim that society is 
worried about animal telos. 

Both Tom Wolfle and I in the early 1980s and David Morton today have 
pointed out that the conditions under which we keep animals are probably more 
invasive and more harmful to the animal than the number of overt invasive pro-
tocols. My understanding is that maybe 10-15% of protocols are seriously inva-
sive in research. But 100% of animals are kept under conditions that are inimical 
to their basic natures. 

I would thus argue that in today’s world, animal welfare is being defined 
in terms of animal telos—that is, meeting the needs and interests that matter to 
the animal by virtue of its biological and psychological nature. According to my 
analysis, complete satisfaction of the animal’s telos would constitute what could 
be legitimately called happiness for the animal. Thus, a happy lion would be a 
lion kept under extensive conditions with other lions, allowing the full range of 
lion behavior, including predatory behavior. A miserable lion would be one kept 
alone in a small cage. The relevant ethical judgment for lions in captivity would 
be to create a space that functionally approximates the ideal, as the research 
community has done with primates. Thus, pigs in a straw-based pen system 
would be happier than a sow in a sow stall, but not as happy as a sow with free 
access to foraging and shelter from inclement weather. There is a huge body of 
empirical data from Edinburgh on natural behavior in pigs, particularly sows. In 
my view, part of the job of what is called animal welfare science is getting as 
close as possible to happiness for the captive animal. 

So there is more to being ethical to the research animals than simply mini-
mizing pain. There are all these other parameters. I find personally talking of 
animal happiness unproblematic. Indeed, I would argue that animal happiness is 
far clearer than human happiness, given the curse of human reflective con-
sciousness. A person may have every wish he or she ever wanted fulfilled, yet 
not be happy for a multitude of reasons. Everyone has friends like this—for ex-
ample, people possessed of neurotic worry about losing it, neurotic worry about 
whether they deserve it or not. We have no reason to believe that animals are 
capable of such nonproductive navel-gazing. There are few human cases of hap-
piness as paradigmatic as the horse let out of the small corral after winter into a 
large green pasture, after being fenced for months: the kicking up of the heels, 
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the breaking of wind, the exuberance of the gallop, and the whinny express joy 
more clearly than any human affirmations. Typically, animals don’t lie. 

In sum, we have argued that emerging social ethics for animals in 
democratic societies will largely dictate the form animal welfare takes, and 
particularly in the research area, since social and economic pressure will help 
impose it on other societies. This emerging ethic emphasizes the rights animals 
should have based on their biological and psychological natures or teloi. The 
extent to which such telos can be accommodated will vary with circumstance, 
but the ideal remains clearly demarcated. This idea was necessary to counter the 
20th century tendency to see animal welfare as strictly determined by the human 
purposes to which the animal is put. 
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Mice Traveling the World: Issues in Sharing  
and Transferring Mice 

 
Lili M. Portilla 

 
This presentation focuses on some legal issues having to do with mice 

transfers. I am not a lawyer, but I have associated with lawyers throughout my 
career. My disclaimer is that the views and opinions I am expressing are those of 
NIH. If there is any legal question, my advice is that you seek legal advice from 
your institution. 

I will first set the stage on how NIH approaches the sharing of animal re-
sources, data, and other things. A lesson learned at NIH is that we do not patent 
research tools. When this happens, the flow of these tools to researchers is re-
stricted and academic research is hindered. Hence NIH’s position, like that of 
most academic centers in the United States, is that these research tools will not 
be patented. 

However, if industry requests some of these research tools, there is noth-
ing to prohibit us from licensing them, even though they are unpatented, and we 
can still realize some profit if they are used for commercial purposes. So patent-
ing in and of itself is not the only way of guaranteeing a royalty stream for your 
institution. 

The basic precept at NIH is that we expect our funded researchers, as well as 
our internal researchers, to make resources developed under our grants available  
to the research community and as unencumbered as possible. The NIH model  
organism-sharing policy covers all projects that may produce model organisms 
with the intent that they will be made available to the research community. 

In 2003 NIH produced a new guide notice, that grant applications of 
$500,000 or more of direct costs in any single year are expected to include a 
plan on data sharing, meaning that the research institution and the researcher 
have to demonstrate to the NIH how they are going to make these resources 
available, be it through a material transfer agreement (MTA) or deposit in a re-
pository. A general consensus is that this position promotes good citizenship in 
the life sciences community. 
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As a matter of policy at NIH and many academic institutions, the technol-
ogy transfer offices ask for documentation of data sharing using an MTA. This 
agreement specifies how these resources can be used and limits the transfer to a 
third party, and thus prohibits transfers to other institutions. Also it puts the re-
quester on notice that they have to attribute the donor, the person that gave them 
the resource, in a publication. Without an MTA it is not clear to NIH whether 
investigators get proper attribution on transferred materials.  

We at the NIH found that the existing agreements did not address the 
uniqueness of animal models and crossbreeding issues. Therefore, we developed 
our specific form to transfer animals called the “Material Transfer Agreement to 
Transfer Organisms.” It is a modified NIH standard agreement, but contains 
special terms. First, it specifically defines the allele. From an intellectual prop-
erty perspective, this criterion is of most value in these resources so it is neces-
sary to clearly identify the special allele or knockout; for example, the form 
would define a Brca1 floxed mouse (Brca1 floxed allele expressed in a mouse). 
The agreement may be used for any animal model. The information in the form 
also defines what is included in the material—for example, unmodified deriva-
tives and unmodified progeny, zygotes, embryos, and cells, tissues, etc.  

There is also language that allows for crossbreeding. This language is pri-
marily for nonacademics, so they know NIH allows it and if you plan to distrib-
ute this crossbreed, please let the recipient know that this original allele was 
obtained by the NIH. 

The agreement also contains addenda that address some of the intellectual 
property issues that come up with mice like Cre-lox and OncoMouse. There is 
also an animal transfer addendum; the form is available online (www.ott.nih. 
gov/forms_model_agreements/). 

Finally, if you think your mouse incorporates third-party intellectual prop-
erty, it is best to consult with your technology transfer office to determine how 
best to deal with this. In most cases, transfers between academics incorporating 
third-party intellectual property are not a problem. The problem and the sticking 
point come when these transfers are done for commercial purposes, in which 
case it is best to get some advice on how to proceed. In addition, check to see if 
your institution already has a license agreement in place, because this may fa-
cilitate the transfer. Sometimes these license agreements define how you can 
further transfer these mice—for instance, research purposes only and to aca-
demic institutions, no transfer to commercial entities. Your tech transfer office 
or your legal office can help you if there is an existing agreement at your institu-
tion. 

Following are some questions that are posed frequently about animal 
transfers:  
 

 Can I transfer a mouse that I receive from my colleague at institution A 
to another colleague at institution B? Most of the time, the answer is no. If you 
signed an MTA, in most cases it says that you cannot transfer to a third party. In 
these cases we always go back to the original person that gave us the mouse or 
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the intellectual property and make sure it is okay to transfer it to another indi-
vidual. In most cases it is not an issue, but it should not be done if the agreement 
you signed prohibits it.  

 Can I crossbreed a mouse developed in my lab with one that I received 
from my colleague in another institution? Proceed carefully. Usually, we make 
sure that crossbreeding language was put into the agreements if that was what 
the investigator intended. But many times people sign agreements containing a 
statement that you can’t crossbreed. My advice is to read what you sign. If you 
want to modify it, go back to that institution to say that you want to modify the 
agreement 

 Why is the institution asking me to sign both a material transfer agree-
ment and an animal transfer agreement? The animal transfer agreement is very 
different from a material transfer agreement. The MTA specifically deals with 
intellectual property issues, whereas the animal transfer agreement deals with 
the care and use of a particular animal and is usually signed off by the vet in the 
institution. When these two documents are put together, they cause confusion. 
So in the new agreement that I just discussed, all these terms have been incorpo-
rated in order to avoid having multiple signatures and too much paper. They are 
different and they do serve different purposes.  

 Is it okay for me to deposit mice that I developed in my lab in a public 
repository? My answer is a big yes, but make sure that there is not any kind of 
intellectual property issue that would prohibit you from doing that. It may be 
necessary to consult with your legal and tech transfer people to make sure that’s 
not going to be an issue. From the perspective of NCRR, depositing an animal is 
ideal and removes the financial and resource burden from the lab of having to 
ship mice. We encourage our grantees that develop resources through grants to 
deposit them in many of the NIH-funded repositories. 

 A colleague requesting my mouse wants me to ship it to their animal 
contractor. Is this allowable? The answer is: it depends. For example, a particu-
lar institution used a contracting facility, like Charles River, to clean their mice 
and cage their mice. Once the mice were ready for the experiment to start, they 
would be shipped to another location. We thought that was fine, because that 
contractor was acting as an agent for the institution. But the issue comes in if the 
contractor is collaborating with the institution, in which case they almost be-
come a third party in the transaction. It may become necessary to ask questions 
or have your tech transfer people ask some questions on how to proceed. Most 
of the time this is not an issue, as long as this relationship with the contractor is 
one of an agent with the institution. 
 

Some helpful hints have arisen over the years. One is to keep your tech 
transfer office or legal office informed of what you are going to be doing with 
these mice. Tell them ahead of time if you plan on crossbreeding the mice or 
sharing them with another institution. It is better to address these terms at the 
beginning of the negotiations as opposed to after an agreement has been exe-
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cuted, which is always more difficult and time consuming. So tell us as much as 
possible upfront. Another issue is defining the timeline for experiments. In our 
office, if we knew that an investigator had something time sensitive coming up, 
if they had to time it right with the animal shipping folks, the forms would get 
bumped up in priority in order to get processed, because the last thing we 
wanted to hear was that the mice were past their prime for the experiment and 
the investigators were not able to do anything.  

When publishing results, if a paper is coming out describing a new knock-
out, it is useful to presign agreements with the mouse model on them so that 
when the investigator gets requests, s/he only needs to sign the agreement and 
ship the mouse off. As noted earlier, NIH encourages our investigators and our 
grantees to deposit their mice in repositories, to save time, effort, and money in 
their labs.  

Another issue deals with shipping and timing. It is not advisable to ship 
mice in the heat of the summer. It is helpful to work with the shipping staff to 
make sure that the agreement is done so they do not need to wait for the paper-
work to ship mice.  
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Knockout Mouse Databases:  
The Knockout Mouse Project and Repository 

 
Franziska Grieder 

 
The mouse has played a key role in many discoveries and advances related 

to biomedicine and has contributed to improvements in human health. In part, 
this is because mice offer the following advantages (in addition to their small 
size and relatively short reproductive cycle): mice are well characterized (e.g., 
their entire genome has been sequenced), they are genetically similar to humans, 
and they exist as inbred lines and strains. Further, these strains can carry differ-
ent mutations that mimic pathologic or disease conditions seen in humans.  

In the past, spontaneous genetic mutations in mice have contributed to un-
derstanding the biology of human disease in significant ways, but today’s focus 
has shifted to induced, genetically engineered, or modified mouse strains. Spe-
cifically, the ascent of new powerful genetic methodologies applied to molecular 
biology has allowed scientists to delete or insert genes. Attention has shifted 
from the original inbred strains developed by Castle and Lathrop almost a cen-
tury ago to technologies that produce tissue- and disease-specific biomedical 
models. These transgenic technologies have led to the creation of “knockout” 
animals, using targeted mutagenesis or gene replacement approaches that allow 
scientists to inactivate single genes by replacing or disrupting them with the 
introduction of exogenous DNA constructs. Seminal to this revolutionary devel-
opment were studies conducted by three scientists who received the 2007 Nobel 
Prize in Medicine or Physiology for their achievements: Drs. Mario Capecchi, 
Oliver Smithies, and Martin Evans.  

Recognizing the power of knockout mouse technology and its general wide-
spread benefit to biomedical scientists, a group of scientists and experts from 
around the world assembled in 2003 at the Banbury Conference Center at Cold 
Spring Harbor Laboratory to explore the feasibility of creating a comprehensive, 
genomewide, and publicly available knockout mouse resource. This effort would 
generate a library of mutant mouse embryonic stem cells (ESCs) containing 
knockout or null mutations in every protein-coding gene in the mouse genome. 
The driving force behind this effort was the recognition that only a small fraction 
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of the approximately 20,000 to 22,000 mouse genes had already been knocked out 
and published, and most of these knockout mouse models were neither readily 
available nor accessible to the wider research community.  

The creation of a comprehensive, widely available, and standardized (e.g., 
mouse strain background, genotype testing, and specific pathogen–free) knock-
out mouse resource in a timely and cost-effective manner would require a highly 
coordinated effort among several international partners. Thus the foundation of 
several knockout mouse projects was born.  

Three independent but collaborative efforts have been launched to address 
the original challenge posed during the Banbury Conference: the Knockout 
Mouse Project (KOMP) funded by the National Institutes of Health (NIH) in the 
United States; the North American Conditional Mouse Mutagenesis (Nor-
COMM) Project funded by Genome Canada and its partners; and the European 
Conditional Mouse Mutagenesis (EUCOMM) Program funded by the European 
Union. I will focus on KOMP.  

In a collaborative effort among different NIH institutes and centers, a five-
year and greater than $50 million mutant mouse resource initiative was started in 
2006 that aims to (1) use gene targeting to make a resource of null alleles 
marked with reporters, (2) support a repository to archive and distribute the 
products of this resource, (3) develop improved and robust ESCs on the inbred 
mouse strain C57BL/6, and (4) implement a data coordinating center that allows 
all scientists easy access to data relevant to this effort.  

The KOMP Repository (www.komp.org) activities were awarded to the 
University of California, Davis (UC Davis) and Children’s Hospital Oakland 
Research Institute (CHORI) in Oakland, CA. They will, in a collaborative effort, 
be responsible for the preservation, protection, and distribution of about 8,500 
knockout mice and related products for use by the research community. Addi-
tionally, the repository provides expert advice and assistance for scientists with 
all questions related to mouse biology and reproduction, cell culture techniques, 
molecular biology, and insight into the selection of the most appropriate model 
or approach for their research project.  

The specific activities of the KOMP Repository include acquiring vectors, 
ESCs, and mice from the KOMP production teams. Next, all ESCs received are 
archived and expanded for quality control testing, including viability-growth-
morphology and pathogen assessment. Prior to release for distribution, a per-
centage of clones undergoes genotype verification and chromosome counting. 
The repository also performs in vivo testing, which includes microinjection to 
produce high-percentage chimeras and germline transmission testing. Any gen-
erated products as a result of the testing (e.g., germline-transmitted mice, em-
bryos, and sperm) are archived as well.  

The repository allows the customer to learn about KOMP and its opera-
tions, and also provides access to the KOMP catalogue, to order products and 
express interest in and nominate genes that will be targeted with higher priority 
by the production teams. The KOMP website allows researchers to obtain help 
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(e.g., protocols for genotyping, microinjection) or information on issues related 
to material transfer agreements.  

During KOMP’s first two years of operation, numerous joint meetings 
among the knockout mouse production programs have been held on an interna-
tional level (i.e., KOMP, NorCOMM, and EUCOMM). Participants work hard 
to establish collaborations and coordinate activities in order to avoid duplication 
of efforts. The projects in North America and Europe have agreed to share their 
gene lists and data in order to help with the coordination. Ideally, resources pro-
duced by one project would be available to scientists on a different continent, 
thereby enabling scientists to simply order all mouse strains locally, thus avoid-
ing the hassle of international transport. The future will tell if this becomes a 
reality and if sharing of mutant mouse resources can happen across international 
borders.  
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NorCOMM, the North American Conditional  
Mouse Mutagenesis Project 

 
Colin McKerlie 

 
The focus of this presentation is NorCOMM, the North American Condi-

tional Mouse Mutagenesis Project, in particular where it came from and the con-
tribution of my laboratory, which is the archive and distribution program. In 
2003, some collaborators and I at Mount Sinai Hospital Samuel Lunenfeld Re-
search Institute were engaged in a genomewide random mutagenesis project 
using ethylnitrosourea, or ENU, to produce point mutations randomly across the 
mouse genome. We then applied a very comprehensive set of screens or pheno-
typing to try to identify the expression of those mutated genes by looking for 
abnormal phenotypes. 

My contribution was from my pathology phenotyping lab, where we were 
using gross, histo-, and molecular pathology techniques to try to identify novel 
mutations or the expression of those mutations as pathology phenotypes. We 
were also using our pathology techniques to characterize phenotypes in unusual 
or abnormal mice screened out by my colleagues. 

As pathologists tend to do, we collected and kept a lot of information  
and were, by necessity, in large part establishing a repository. It was a necessity 
because in a dominant screen that we were using for ENU, we were often ana-
lyzing, often at necropsy, uniquely mutagenized genomes. If we needed to go 
back and study a particular mouse because we were interested in that mutation 
or phenotype, we needed the ability to go back to the freezer, recreate that 
mouse, and put it through the process. In essence, then, we established a very 
comprehensive archive, starting with tissue, sperm and ovaries, and, of course, 
embryos. 

Recognizing the increasing demand across Canada among investigators 
using the mouse as a model system, we took the opportunity to start archiving 
and distributing their lines, driven by two requirements. One was for ease of 
distribution, to take some of the burden from these individual investigators and 
centralize the resource, making distribution more efficient, and provide an ad-
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vantage in terms of protection from a disaster as well as some additional oppor-
tunities. Thus, we established the Canadian Mouse Mutant Repository (CMMR). 

New space was built for this; we have just relocated fairly recently into the 
Toronto Centre for Phenogenomics (TCP). Space was designed for receiving 
mice and allowing us to freeze them in various formats in liquid nitrogen or me-
chanical freezing—somatic tissue, embryos, sperm, ovaries, etc. The facility 
also allows us to go back into our repository to restore a mouse line. Large and 
secure capacity is an essential part of our repository and we also have redundant 
capacity to guard against catastrophic loss. In summary, the TCP, a large mouse-
based research-enabling center with very large capacity (36,000 mouse cages), 
offers a very comprehensive set of services to enable the collective research en-
terprise to archive and distribute their mice efficiently. 

The CMMR was established to focus on requirements of investigators 
prior to the more recently emerging International Knockout Mouse Consortium 
(IKMC). The CMMR website showcases all the mutants and our samples. All 
our lines are catalogued through the international mouse strain resource, hosted 
by the Jackson Laboratory (JAX). The importance of this repository is not only 
to make lines available and visible but also to make them accessible, although 
accessibility does not necessarily always correlate with usability. Our services 
are also identified, including embryo services, ovary, sperm, or somatic tissue.  

The IKMC is an attempt to essentially have a single Web portal for the 
mouse-using investigator community to find a mouse that may be potentially 
useful to enable their research and move it forward. A big advance in this field 
of repositories was the paper by Francis Collins and colleagues on the IKMC 
published in the journal Cell in 2006. A significant part, postproduction, of an 
embryonic stem cell library comprehensively covering every protein-encoding 
gene across the mouse genome is a repository network to be able to deliver that 
resource to the rest of the world. So KOMP, EUCOMM, NorCOMM, and the 
Texas Institute of Genomic Medicine have been established as an IKMC reposi-
tory network. 

NorCOMM has been funded by Genome Canada to establish a Canadian 
academic-industry lab network. The CMMR became the repository and distribu-
tion center for the NorCOMM resource. The project is working toward 2,000 
conditional-ready targeted genes and 10,000 nonconditional trapped genes 
(genes mutated in embryonic stem [ES] cells using an alternative technology 
called gene trapping). 

A component of the project is to create mouse lines from these ES cells. 
We are also performing functional analysis of candidate genes identified as im-
portant determinants of specific human disease. This is also funded by Genome 
Canada. 

We are using two approaches to mouse mutagenesis or to ES cell 
mutagenesis. Gene trapping is a random process, inserting a vector randomly 
across the genome. The vector is tagged and so may be found as would the gene 
in which it was inserted. Another approach is gene targeting, a more focused 
approach where the insertion replacement relies on homologous recombination. 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

196 Animal Research in a Global Environment: Meeting the Challenges 

The element is targeted to maximize the mutagenic potential in the specific gene 
that we are interested in. 

The project is focusing on 866 genes on a prioritized list. The first 100 
gene targets will be used for some quality control and to address some of the 
germline transmission issues associated with these ES cells, and 50 of these 
lines from our prioritized list will be those of specific Canadian interest—related 
to disease areas in which our research community is actively engaged. 

NorCOMM has a website (www.norcomm.org) that describes our part-
ners, production labs, repository, and target construction groups. It provides the 
opportunity for us to engage the Canadian as well as the international research 
community. Anyone has the opportunity to use our gene submission process. 

Our gene prioritization process addresses high-impact Canadian health re-
search community genes; those that are not targeted by EUCOMM or KOMP; 
those whose gene structure is amenable to our particular allele and our approach. 
We focus on the 2,000 genes that are available to us and are not being done by 
another consortium. 

The genes available in the pipeline are being posted at the Wellcome Trust 
Sanger Institute (www.sanger.ac.uk/htgt) by KOMP, EUCOMM, and Nor-
COMM.  

One can see from the pipeline summary how many genes are involved in 
each group, whether the design has been requested or, more specifically, if the 
vector construction is actually in progress. ES cells in the pipeline are also in-
cluded. This is an evolution from the CMMR in that where we were doing tis-
sue, germ cell, and embryo archives, we are now also responsible for the embry-
onic stem cells for the NorCOMM project. 

Our main contribution in the international arena is the trapping technol-
ogy. Each of the resources or production centers has been or is currently en-
gaged in trapping some component of their unique alleles across the genome. 
We would like to trap 10,000 genes and currently hold about 90,000 cell lines. 
The target is to trap about 38,000 genes across the different centers with a sig-
nificant number of cell lines. These repositories are large-scale infrastructures 
that will be able to support those production objectives. 

For targeting the genome, we are focused on 2,000 genes at NorCOMM. 
The target for all the repositories is to hold ES cells representing over 18,000 
genes, and working together we eliminate redundancies.  

We have tried to increase accessibility by creating as many launching 
points into the NorCOMM resource as possible, through the international gene 
trap consortium or through all the Web portals. You get to the CMMR (hosted 
by the TCP website; www.phenogenomics.ca) and essentially move through a 
very simple process. Rather than a materials transfer agreement (MTA), we have 
instituted a conditions-of-use agreement for not-for-profit users, which is simply 
a checkbox stating that the user agrees to our online conditions of use. With for-
profits, we still deal with MTAs. Once the user has agreed to the conditions, s/he 
makes a payment, and we can confirm and ship the clone. 
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Requests for material are international, with the United States being a sig-
nificant requester. In 2007 shipments went to 11 countries in Europe, Asia, and 
Australia in addition to North America. 

There are challenges ahead for our repository that are shared by other re-
positories. For example, when ES cell resources need to be developed into mice, 
there is likely to be a parallel centralization of the production of these geneti-
cally engineered mouse models, or GEMMs. 

The basis for the IKMC is to develop all the 22,000 protein-encoding 
genes in the mouse genome, in BL/6 ES cell lines. Because BL/6 ES cell lines 
present challenges with germline transmission, success in development, and 
culture conditions it is quite possible that not every lab or transgenic facility will 
achieve the same efficiencies with BL/6 ES cells that they have had with the 
more robust ES cells of the past. So if investigators come to rely on centralized 
facilities to create these mice, this would create issues in transporting live mice.  

Sperm cryopreservation is also an option and there has been great progress 
in sperm efficiencies after cryopreservation. However, the preference for BL/6 
background continues to be challenging because of the problems in sperm thaw-
ing and reanimation processes. While the Jackson Laboratory in particular has 
made great progress with this, the efficiency has increased only from 3% to 
40%. This is not efficient enough for the needs of the international community, 
since even 40% efficiency is achievable only by experts and is likely to be lower 
in the hands of those more unfamiliar with the techniques.  

I think sustainability and accessibility of these international knockout 
mouse resources (IKMRs) are challenges. For example, NorCOMM is funded in 
the same four-year lifecycle as the production. When the funding cycle ceases 
for the production, the repository is left with the resource, making its sustain-
ability an issue. In addition, the resources will need to change as the science 
changes. The IKMC must also provide a quality, standardized, and secure re-
source; it must be innovative with its technology, procedures, and offerings; and 
it must establish partnerships, platforms, and processes based on sharing. 

However, along with the challenges there are opportunities. One is com-
prehensive biobanking that goes beyond embryos and sperm, and moving to 
serum for blood-based biomarker or proteomic research. In addition, there are a 
number of techniques and technologies to provide the user with other ways to 
access these banks. Laser capture microdissection is one in which we can load 
up tissue sections and then purify and amplify RNA or DNA from specific ho-
mogeneous cell sets. For example, if the requester is interested in respiratory 
epithelium and wants to run some gene expression experiments on that, we can 
send the cells of interest or the purified RNA from the cells. Whole-tissue slide 
scanning is another important technology that can be applied to these reposito-
ries of ES cells or to mice. We use whole-tissue high-resolution slide scanning 
in the pathology setting and make the slides available to users around the world. 
We can interact with investigators while looking at the same slide and discuss 
the pathology phenotype that we are describing. The same technology can be 
applied for an investigator accessing the repository, i.e., looking at a model 
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that’s sitting in the archive to ask questions about the pathology to determine, 
for example, whether a mouse really needs to be transported.  

Another development in comprehensive biobanking is the use of induced 
pluripotent stem (iPS) cells. The international collaboration and distribution of 
these resources will result in building better models and in reducing attrition, 
which relates to the number of mice moving around the world. We can induce 
skin fibroblasts with four genetic factors to become pluripotent stem cells,  
develop an allelic series of mutations across a gene of interest, and provide the 
tools to characterize them early, to assist investigators in making the decision 
about whether they really need this mouse model shipped around the world  
or not. 

Also, for secondary modifications, again the models that we are character-
izing, that we are depositing in our repository, have typically come through a 
phenotyping pipeline. They have information. They have engaged investigators 
somewhere. But maybe it is not exactly the mutation in their gene of interest that 
they need. I think the older approach would be to go back, retarget, pick your 
clones, create a mouse, expand—all the breeding that is required for that—
germline transmission. We have the potential with iPS cells to have homozygous 
cells recovered from the skin fibroblasts, induced to iPS cells, make a secondary 
modification genetically, re-create a mouse, save all that additional effort, and 
ultimately save a lot of transport and distribution of mice. 

To summarize the progression, we were taking tissue, sperm, ovaries, and 
embryos, and developing a relatively simple scheme for archive and distribution. 
Now ES cells have been added and we are working on iPS cells, banking serum 
and tissue, and creating accessibility tools and layers like laser capture microdis-
section to provide a molecular resource, or virtual slide consultation to provide a 
pathology resource and be able to make all these resources as exportable as pos-
sible, in appropriate formats. 

I need to recognize my collaborators and colleagues: Janet Rossant, Geoff 
Hicks, who lead the NorCOMM project; and my very hard-working group in the 
lab at the CMMR. We are hosted at the Toronto Centre for Phenogenomics. Of 
course, we are working very much and embedded and learning from our interna-
tional collaborators in the IKMC repository network.  
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EUCOMM, the European Conditional  
Mouse Mutagenesis Program 

 
Martin Hrabé de Angelis 

 
My presentation will focus on the European Conditional Mouse Muta-

genesis Program or EUCOMM, the European part of this international endeavor 
to knock out every single gene, and will go a little further to describe our pro-
gram on mouse phenotyping and on the outcome and distribution. 

The challenges for the future are very clear: 
 

 Identification of all the functional elements (that term is used rather 
than genes because the definition of gene is very complicated) 

 Generation of a mutation for every gene in the mammalian (mouse) ge-
nome, which only provides one aspect of the function of a gene, because an alle-
lic series may be needed for full understanding 

 Phenotyping of these mice, which is the most important and the most 
challenging task  

 Linkage of the models to human diseases 
 Archiving and dissemination  

 
EUCOMM produces vectors, conditionally mutated mouse ES cells, and 

mutant mice as a public resource, available to everyone. The goal is to have 
13,000 mutations in the ES cells, which comprise a mixture of knockout and 
homologous recombination in ES cells; 320 of them are being made into live 
mice as test cases, [and] those 320 will eventually go into a phenotyping pipe-
line, which we set up in Europe. There are also currently available 2,500 gene-
trap clones and over 600 clones mutated by gene targeting. 

The consortium is headed and coordinated by Alan Bradley and Wolfgang 
Wurst; Wolfgang is at our center and Alan is at the Wellcome Trust Sanger In-
stitute. The consortium is spread around Europe, and each center has different 
tasks. While it is not expedient to fully describe all the centers here, the informa-
tion is available at a common website (www.eucomm.org), which is very valu-
able and convenient. It is possible to order clones from the website by clicking 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

200 Animal Research in a Global Environment: Meeting the Challenges 

the database to find the gene of interest and then contacting the person in our 
center, who will send you the ES cell lines. Information for prioritization of 
genes may be obtained from eucomm@sanger.ac.uk. 

A limiting factor at the moment is annotation of the genome. Making the 
vectors proceeds automatically; however, if the annotation is not done properly 
then it is very difficult to design the vectors. Distribution of the cell lines is done 
through our center and for the mouse lines it is through EMMA, the European 
Mouse Mutant Archive. 

Intellectual property for the gene-trap lines is handled by the tech transfer 
unit at our facility and at the Wellcome Trust Technology Center for the targeted 
lines.  

An example of how we are using the different areas of mutagenesis, phe-
notyping, and archiving is with the disease osteogenesis imperfecta, or brittle 
bone disease, which is a group of genetic disorders. We created a mouse from 
our mutagenesis screen carrying a point mutation for collagen-1, alpha-1 gene, 
which is similar to the human situation. We treated these animals with bisphos-
phonates that target the osteoclast; this is also similar to human treatment. The 
result is that we were able to partially cure the bone phenotype. However, the 
lethality stayed absolutely the same, which was quite surprising. At this point, 
the idea of the mouse clinic came into play.  

The German Mouse Clinic offers systemic phenotypic analysis of mouse 
mutants on the basis of scientific collaboration and primary screening of more 
than 320 parameters—I call this a hypothesis-generation machine. It consists of 
a consortium of people who are specialists in their areas—they all have a satel-
lite lab in our mouse clinic—from urology to clinical chemistry, dysmorphol-
ogy. There are 14 different indication areas. At the end of the day, once we phe-
notype the mice, everybody comes together again to discuss it and generate 
hypotheses. 

With regard to the osteogenesis imperfecta mouse, we found a lung pheno-
type and a heart phenotype, based on a metabolic pathway. Clinicians felt that 
these phenotypes were secondary, because of the affected bones; however, from 
our work we know they are primary. This is an example of how early systemic 
phenotyping in the mouse clinic can provide critical information. In this case the 
story must be rewritten to reflect the fact that it is a systemic disease, affecting 
not only the bones but also the heart and lungs, which are relevant to the early 
death of these animals. 

A roadmap for a European strategy for research infrastructure was de-
signed over the last five to six years in Europe. One of the projects I am coordi-
nating is the Infrafrontier program. Infrafrontier is in a pilot phase of building up 
the European infrastructure for phenotyping and archiving. We plan to create 
more mouse clinics and scale up the activities in EMMA. A second mouse clinic 
has been created that works closely with industry in which drugs can be tested in 
a systemic way. Steve Brown then created one at MRC Harwell, UK, and now 
there are clinics at the Sanger Institute, in Barcelona, and in Monterotondo. 
There is one in Toronto as well, with Colin McKerlie. However, despite this 
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growth, the repositories and phenotyping services are not yet adequate to handle 
the thousands of knockouts available as well as thousands of alleles from other 
mutagenesis programs. Thus, it is our hope to raise money for the Infrafrontier 
project, to bring the right people together, be ready in three years to meet this 
challenge.  

FIMRe, the Federation of International Mouse Resources, is one of the ex-
amples of archives on a global level. The problem was exchange of material and 
exchange of mice. We weren’t able to agree on a common strategy so we started 
these bilateral science contracts now between our center, the Medical Research 
Council (UK), Mammalian Genetics Unit (UK), the National Center for Scien-
tific Research (CNRS) in France, as well as with the Jackson Laboratory and UC 
Davis in the United States, with RIKEN in Japan, and others. 

The Infrafrontier consortium, which also takes part in FIMRe, consists of 
several countries. With the next amendment of the contract, Canada will join the 
consortium, as will the Academy of Sciences in the Czech Republic. The con-
sortium consists of scientific labs and funding agencies that develop a plan for 
future endeavors. The goal is to have a very clear strategic plan by 2011, includ-
ing a business plan for how to run the resource and a memorandum of under-
standing between all the different countries. The consortium is open to addi-
tional partners. 

In summary, I have presented the European strategy for mouse mutagene-
sis, phenotyping, and archiving. The European knockout project, EUCOMM, 
focuses on mutagenesis and is only one part of the European roadmap. There are 
also other technologies, such as RNAi, that play a very strong role. There is also 
EUMODIC, the European Mouse Disease Clinic, a consortium headed by Steve 
Brown, where we have a pilot project combining mouse clinics. Another com-
ponent is EMMA, where we have currently some 1,500 mouse lines, not count-
ing the ES cell lines. In the next three years there will probably be 4,000 to 
5,000 lines. Finally, Infrafrontier is one plan to come up with the proper infra-
structure and funding for these different areas. 
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The RIKEN BioResource Center 
 

Yuichi Obata 

 
The RIKEN BioResource Center (BRC) was established in 2001, making 

it relatively new in the field. It was established to produce an infrastructure for 
advancement of life sciences. The center focuses on five major activities: 
 

 collection, preservation, quality control, and distribution of bioresources 
 key technology development necessary for production, preservation, 

and distribution of bioresources 
 bioresource frontier program, including a mouse clinic 
 training and education 
 international collaboration  

 
We have focused on five major resources that include not only the mouse 

but also the experimental plant Arabidopsis as well as cell lines and genes from 
mammals and microbes and the microbes themselves. Finally, we focus on in-
formation itself as an important resource now and in the future. 

RIKEN BRC serves as a station for dissemination of research products or 
bioresources produced by Japanese and RIKEN scientists to the international 
scientific community. All materials come in with material transfer agreements to 
protect the intellectual property rights of the developer and to ensure their proper 
use by the recipient.  

Coinciding with the RIKEN BioResource Center, the Japanese Ministry of 
Education, Culture, Sports, and Science and Technology inaugurated the Na-
tional Bioresource Project in 2002. The aim of this project is to distribute  
biological resources of the highest quality by 2010. The first term ended in 
2006, but it will continue through a second term to 2010. Twenty-eight biore-
sources were selected for the project: 10 mouse and 9 plant bioresources, and  
9 microbes and cell lines and others. RIKEN is responsible for five of these. 
These projects are run by a government committee and evaluated by an external 
review committee. 

With respect to mouse strains, we now hold over 3,200, a quarter of which 
are traditional inbred or mutant strains, a quarter are transgenic mice, and a 
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quarter are knockout. About 20% are ENU (ethylnitrosourea) mutants, devel-
oped by RIKEN and the Korea Institute of Toxicology, and 3.5% are wild-
derived mouse strains, which are unique to our bioresource center. Because of 
the genetic diversity of the commonly used laboratory mouse these mice are 
very useful for dissecting gene functions. They are also very popular with over-
seas users. 

In addition to mouse resources, the RIKEN BRC distributes embryonic 
stem (ES) cell lines from C57BL/6 and in some of these the germline transmis-
sion is confirmed. RIKEN also has ES cells of inbred strains from nuclear trans-
fer, mouse induced pluripotent stem (iPS) cells (as well as human iPS cells, de-
veloped by Dr. Yamanaka). In addition, 369 ES gene-trap clones and the Mus 
musculus molossinus (MSM) wild-type-derived mouse BAC (bacterial artificial 
chromosome) library are distributed from the gene bank at our center.  

From 2004 to 2008, nearly 8,000 shipments were made, with 80% for  
domestic use and about 20% for international use. We distributed to over 20 
countries; the most frequent users are the United States overall and Korea in 
Asia, followed by Germany and Belgium. Minimizing the shipping time for  
embryos and sperm is very important since they must be kept frozen. Interna-
tional shipping times range from 30 hours (China) to 81 hours (Italy); the long-
est shipping time to the United States is over 60 hours to Oregon. All mice are 
transported safely, but the cost of shipping the mice is unacceptable. Since inter-
national shipment of mouse strains is expected to increase drastically in the next 
few years, more economical transportation is needed for the global scientific 
community. 

As a member of the Federation of International Mouse Resources 
(FIMRe), RIKEN can help to rederive a mouse strain sent from somewhere else 
in the world. For example, we help Japanese scientists with material from the 
Mutant Mouse Regional Resource Centers (MMRRC) or Jackson Lab. 

For the RIKEN repository, the quality control of mouse strains is most 
important from deposition to distribution. All mouse strains are tested for mi-
crobial infection status and according to their status are housed in positive- or 
negative-pressure rooms for breeding. All mouse strains received are cleaned up 
by caesarean section or IVF. After confinement, if they are negative for all mi-
crobes, they go to a barrier facility for further production. Mice are tested for 
eight most hazardous microbes and viruses when they arrive and also bimonthly. 
Seven additional microbes and three parasites are tested for bimonthly. Three 
microbes that cause opportunistic infections are also tested bimonthly. Eight 
other viruses are tested at the request of our users. It has been very difficult to 
agree on a list of microbes to test since the infectious status is different from 
country to country and continent to continent. However, if cross-border shipping 
is going to increase, a list of minimum testing should be agreed upon by interna-
tional mouse repositories. 

Genetic quality control is also important. Our facility does allele-specific 
PCR and the genetic background is monitored by microsatellite markers. It is 
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important to have a uniform background, since the background of the mouse 
strains influences the phenotypes. 

Since we have so many mouse strains to be developed, cryopreservation is 
very important. We now have 2,000 strains frozen as well as a backup facility 
700 kilometers from the main campus, since Japan is an earthquake-prone coun-
try. Although shipping frozen material in a dry shipper is cheaper than shipping 
live mice, it is still expensive. We conducted a test with the MRC in the United 
Kingdom where we froze mouse testes at −80oC and shipped them to RIKEN in 
dry ice. We then rederived the mice by microinsemination. This process can cut 
the cost of the shipping but the facilities must be familiar with the technique of 
microinsemination. 

Another function of our facility is providing training courses. The courses 
we currently offer are  
 

 Experimental Animals: Cryopreservation of Mouse Embryos and 
Sperm 

 Experimental Plants: Culturing Method for Plant Cell Lines  
 Genes: Recombinant Adenoviral Vector 
 Microbes: Culturing and Preservation Method for Anaerobic Microbes  
 Terminal RFLP1 Method for Analysis of Intestinal Bacteria 

 
These courses are offered to universities, nonprofit institutions, and for-profit 
institutions. We also have international trainees from other places in Asia. 

Finally, I would like to talk about our collaborations with Asian institu-
tions. We have bilateral memoranda of understanding (MOUs) with institutes in 
China, Korea, and Taiwan. Based on these MOUs, the scientists come into our 
center and our fellows go to their country to teach the techniques. 

Also, three years ago the Asian Mouse Mutagenesis Resources Associa-
tion (AMMRA) was created to promote the mouse mutagenesis project and fa-
cilitate access to mouse strains in Asia. Its goal is the use of mouse models for 
understanding the genome function and improvement of human health. The first 
meeting was held in 2006 in Shanghai, the second in 2007 in Nanjing, and the 
next will be in Korea. 

                                                 
1RFLP, restriction fragment length polymorphism. 
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Repository Issues—Lessons Learned 
 

James Womack 

 
This presentation will be in two parts. First, I will convey information I 

have learned from workshops similar to this, as well as some reports and rec-
ommendations, and evaluate how well we have been able to implement the past 
recommendations. Second, I will describe a positive lesson learned in my labo-
ratory, which shows the value of repositories specifically. This was not with 
transgenic or genetically modified animals but a very valuable rat strain that was 
produced in the old-fashioned way. 

The need for genetic repositories has existed for 100 years. When Little, 
Castle, Wright, and others started making inbred strains at the beginning of the 
last century, it was obvious that the years of breeding and the amount of money 
that was put into making an inbred strain of mouse certainly could not be wasted 
by letting that strain become extinct. Consequently, places like the Jackson 
Laboratory and later commercial institutions, such as Charles River, Taconic, 
and others, have served as repositories for these valuable strains. 

The need for live animal repositories has now been replaced by cryopre-
servation technologies developed over the last 50 years. In 1990, the ILAR 
Committee on Preservation of Laboratory Animals was convened to discuss 
what could be done with repositories. Basically, the discussion addressed what 
could be done best with live animal preservation versus cryopreservation? A 
very nice set of recommendations resulted from the deliberations and appeared 
in ILAR News No. 32. 

Although we had begun making transgenic mice, this was well before 
gene knockout technology was developed. At that time, there was no idea what a 
germplasm repository might look like today. 

With the advent of genetic technologies, the NIH, through the NCRR and 
Child Health and Human Development, convened another workshop last year. 
The goal was to reexamine repositories for germplasm in light of what was on 
the horizon from genetic modification and all of its implications. The recom-
mendations from that workshop were: 
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1. Encourage the development of high-throughput and scalable technolo-
gies for germplasm collection, evaluation, processing, and cryopreservation;  

2. Establish multidisciplinary teams to develop new approaches to the col-
lection, cryopreservation, and distribution of germplasm for high-priority trans-
lational species;  

3. Support research on the biosecurity of cryopreserved animal germ-
plasm, and the detection and elimination of laboratory animal pathogens that 
might compromise research findings;  

4. Support research to address long-standing bottlenecks to cryopreserva-
tion of animal germplasm, such as cold shock, chilling injury, protocol optimiza-
tion, male-to-male variation; and  

5. Support novel “high-risk/high-return” preservation technologies that 
are not dependent on freezing or cryopreservation and break new ground.  
 

In looking at the recommendations one notices that informatics and data-
bases are never mentioned, even in 2007, when it was obvious that the numbers 
of unique germplasm resources would eventually number in the tens of thou-
sands. We have already achieved these numbers with mice, but there is also a 
zebrafish mutagenesis project and the technology is beginning to be developed 
in rats. There will be tens of thousands of unique germplasms and yet not much 
attention has been given to the development of informatics and databases. 

In my view as a user, this is a bottleneck. While the conclusions from the 
workshop were to make the biological materials readily available to biomedical 
investigators at low cost, most of us have no idea what is available. As we have 
learned from others at this conference, the major repositories for genetically 
modified mice—the targeted mutagenesis, the knockouts—are developing data-
bases. But when you access them, if you know the name of the gene, you can 
find your knockout if it exists. However, if you are interested in a phenotype, as 
many of us are, unless these mutants are written up in a scientific publication 
that we can access through PubMed or some other way, they are essentially lost 
to the biomedical science community. The goal of most investigators is to learn 
which genes underlie a specific phenotype, thus they cannot search for a gene. 

So as a user, my word of admonition would be that we look seriously at 
the future needs in informatics and databases to support these tens of thousands 
of mutant mice, rats, zebrafish, and any other species that will be included. 

Two ILAR resources that are simply catalogues should be highlighted 
here. The first is a catalogue of available databases and search engines that each 
of the repositories has put out. This is a very useful place to begin searching. 
Second, ILAR has an animal model search engine, which begins to address 
some of the phenotypic information. However, the point remains that our ability 
to make useful laboratory animal resources is outstripping our database devel-
opment and capacity at this time. Those of us who use resources may very well 
be located close to a resource that we need and never know it. 
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The second part of my presentation consists of a quick real-life story—a 
positive one. It does not involve genetically modified mice but a unique germ-
plasm resource. It is a nice story that is not quite finished.  

Rift Valley fever is an infectious disease caused by a bunyavirus. As the 
name indicates, it was identified in the Rift Valley of Africa and the virus is 
mosquito borne. In the cycles of flooding that very often occur in central Africa 
and into the sub-Saharan region, there are extreme epidemics of Rift Valley fe-
ver. Tens of thousands of livestock are killed as well as some humans, although 
the human death rate is usually low. But the livestock industry is devastated. 

C.J. Peters, who was at Fort Detrick in Frederick, Maryland, in the 1980s, 
isolated some of the major strains of Rift Valley fever virus and did some labo-
ratory animal experiments. When he did a strain survey of rats, he found that the 
Lewis rat strain was resistant to the Rift Valley fever. All other strains that he 
infected died within several days. 

In doing some simple genetics (i.e., typical backcrosses), the resistance 
segregated as a simple Mendelian trait. Resistance was dominant to the suscep-
tibility in all of the strains. He then made a congenic strain—he backcrossed 
Lewis onto a Wistar-Furth background, each generation selecting after chal-
lenge, over a period of about three years, in which the resistant gene from Lewis 
had been placed on the Wistar-Furth background. 

For a variety of reasons, funding was stopped. The NIH was not particu-
larly interested in a livestock disease in Africa. C.J. put his congenic strain down 
as a frozen embryo resource with the animal germplasm resource bank at the 
NIH. It later was moved to the Rat Research and Resource Center at the Univer-
sity of Missouri where it sat for 15 years. 

After 9/11/01 many things in this country and around the world changed, 
including some of our research interests. Suddenly we became concerned about 
biological terrorism and agricultural bioterrorism. Rift Valley fever was targeted 
as one of the diseases that we should learn more about because, if introduced 
accidentally or intentionally into this country, it would have a devastating effect. 

Fortunately, C.J. had published a paper—through PubMed we were able to 
find that he had made this congenic strain of rat resistant to Rift Valley fever—
and he is still doing research and was available. It was through personal com-
munication that I learned that he had had the congenic strain frozen. 

When I contacted the NIH and they directed me to the University of Mis-
souri, I was told that, yes, the embryos had been there. They had been frozen for 
15 years, and they could be brought out. 

Genomic resources had changed tremendously in 15 years: now we had a 
gene map of the rat, DNA-level markers, and microsatellites that enabled us to 
do things that C.J. and others could not do back in the 1980s. 

While the embryos were being rederived, we took a piece of tissue from 
these congenic strains and very quickly did a genome scan with highly polymor-
phic microsatellite markers. We tested across the genome with markers that had 
a high probability of distinguishing Wistar-Furth alleles from the Lewis alleles. 
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Then we found that some of these were monomorphic as far as Wistar-Furth and 
Lewis were concerned: they carried the same allele. 

When we looked at the congenic strain, even before the embryos had been 
rederived, we found Lewis markers on chromosomes 9 and 3. So in making the 
congenic strain, C.J. and his colleagues had incorporated the Lewis genome into 
the bottom of chromosome 3 and up near the top of chromosome 9. The ques-
tion, of course, at this point is, Since it behaves as a Mendelian single gene trait, 
which of these two sites is actually the gene and which may be the hitchhiking 
material? We did a quick cross and determined that, in fact, it was the bottom of 
chromosome 3. 

To date we have narrowed it down to a little bit more than a megabase. 
Almost all the genes in this region are transcription factors. We are now in the 
process of finding which of these is responsible for conveying the total resis-
tance to the virus to the Lewis strain. 

In summary, this is a model that was developed as far as the technology 
would allow in 1990. The investigators had the foresight to cryopreserve some-
thing that they no longer had funding to work with but felt was important. The 
technology and the repository for cryopreservation and maintenance and rederi-
vation were all there and used very efficiently and very effectively. 

Meanwhile, a tremendous battery of new genomic tools was developed. So 
when we rederived this model, we were able to narrow down to a megabase re-
gion and will very soon have the gene. 

To go back to my original point, we found this model by good fortune. 
The phenotype was available in the literature and we found it by PubMed. But 
until we start getting phenotypic data into the databases that accompany many of 
these great repositories that we are seeing developing around the world we will 
not be able to use these resources to their full extent. 
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Transportation and the “Mouse Passport” 
 

William White 

 
In this presentation I will discuss the “mouse passport” and key issues in 

the transportation of rodents, and propose some recommendations to remedy 
looming problems. The mouse passport is a product of the UK National Center 
for Replacement, Refinement, and Reduction of Animals in Research (NC3Rs; 
www.nc3rs.org.uk). It is not actually a legal document but rather a “detailed 
packing list, with assembly instructions and an operating manual.” The goal is to 
have a lot of information about the animals in one place. Some of the informa-
tion in the mouse passport is nomenclature/lineage, background strain, number 
of backcrosses, whether it is inbred or outbred, type of mutant (knockout, 
chemical mutant, etc.), genotype, phenotype, immune status, animal husbandry 
details, breeding information, and special considerations. 

It is important to provide enough details about genetically modified ani-
mals to establish a new colony. Often not enough information is included in 
publications describing the model. In my opinion, the current document needs 
further expansion to ensure that all the necessary information is captured; there 
needs to be a “fill in the blanks” approach to minimize subjective evaluations. 

Moving to the subject of transportation, there are essentially two alterna-
tives: moving live animals or some type of cryopreserved material. Embryos, 
sperm, and the like may be shipped, but the facilities at the receiving institution 
must be able to recover the live animal. This is an important consideration as is 
the health status of the animals in the receiving facilities. This process makes 
good sense if complex long-distance shipment is required. Rodent germplasm is 
transported in liquid nitrogen dry shippers, which are approved for air transport. 
Shipping frozen material minimizes health risk at the receiving institution. 
However, there are some drawbacks, particularly in terms of time. When germ-
plasm is shipped, there is a time delay until founder animals are generated, typi-
cally about five weeks. There are certainly variable recovery rates, which means 
more material must be shipped and more implants need to be done. Shipping of 
frozen resources also assumes that the institution can recover and maintain the 
animals at a desired health status. And if the animal is reconstituted at a reposi-
tory, live animals may still need to be transported somewhere.  
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The key to shipping live animals is knowledge about the system and 
thoughtful planning. Whether the animals go by air or by truck, across a few 
states or, in Europe, from one country to the next, it is necessary to anticipate 
what might go wrong. It is critically important to understand the transportation 
system. Animals are being put into air commerce that moves a lot of other mate-
rial, and animals tend to be at the bottom of the list in terms of volume and  
economic value. Therefore, it is up to the shipper to understand how things 
move from one point to the next and what the options are if shipments are to be 
successful.  

Animals are transported in commerce every day, particularly laboratory 
animals between institutions. But the total number of all animals shipped repre-
sents a tiny fraction of all goods that are moved—well under 1%. By and large, 
the journeys are successful. That, obviously, depends on your measure of suc-
cess. If the shipment is delayed a day, but the animals are still in good condition, 
it may still be considered a failure because it didn’t come on time. The overall 
transportation failure rate (even if the failure was not directly due to transporta-
tion), based on statistics from breeders, is about 0.07% out of about 2 million 
containers. This is almost equally split between air and land transportation 
(about 0.035% each). Involved in the failure rate is any condition that might be 
cause for rejection upon receipt—even the wrong sex of animals in the box or 
only one animal with an abnormality out of a group of animals in the container. 

Many factors can affect ground transportation, but the most frequent is 
temperature control related to the thermodynamics and ventilation in the cargo 
compartment of the aircraft or vehicle. These parameters are based on how con-
tainers are loaded and the type of containers used, coupled with the animal mass 
in the containers. These factors influence the ambient environment surrounding 
the container and the effective ambient environment in the container, which  
affects the animals. 

HVAC (heating, ventilation, and air conditioning) systems are not capable 
of rigid temperature and humidity control for a wide range of ambient condi-
tions. These systems can break down; some companies use redundant HVAC 
systems in case of that happening. However, if the system breaks down in the 
middle of Montana, chances are slim for finding a place to repair it. Available 
ground transportation carriers may be regional or long distance in the United 
States and in Europe. The problem is there are not many choices because it is 
not a big business.  

Another factor to consider is that commercial carriers may transport other 
perishable and nonperishable cargo from multiple institutions along with the 
animals for all or some of the journey. While the use of a dedicated truck is pos-
sible, it is expensive ($1.50 to $3.00 a mile a few years ago, charged on a round-
trip basis). A shipment of animal containers large enough to fill a tractor-trailer 
driven across the United States costs about $20,000. Those prices have increased 
between 15% and 25% due to fuel charges. 

Only 40% of the commercial air fleet in the world is capable of carrying 
animals and not all compartments in an aircraft may have appropriate environ-
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mental controls. In a 747, the first two compartments are incapable of carrying 
animals; only the three compartments in the back can carry them, but this varies 
with the aircraft. Another problem is that there are mixed loads. For example, if 
several containers of rodents are shipped in the same compartment with a cargo 
of flowers that needs a lower temperature, the carrier will try to select a tem-
perature range that is acceptable to all of the temperature-critical cargo. It is not 
possible to dictate tight temperature ranges or the animals will not fly. 

Another issue with air transportation is that there is always a ground com-
ponent. If arrangements have not been made to retrieve the animals, they might 
languish in the customs warehouse for quite some time. 

With regard to air transport, it is important to remember the following: 
 

 It is the fastest way to transport, even when there is a ground compo-
nent. 

 Live animal shipments account for less than 0.1% of all air cargo, and 
lab animals are an even smaller fraction of that. 

 It may be necessary to enclose as many as 39 separate documents for 
transport under certain conditions; generally, however, it is less than a third of 
that. Errors and missing documents can stop or delay the shipment. When the 
carriers cross borders, if everything isn’t there, the shipment will not move.  

 There is limited liability in air cargo. If two mice have an estimated 
value of $10,000, the airline is only liable for $100 if something goes wrong. 
You need to have other insurance to cover any loss. 

 Many factors can affect air transport of animals. Pilots or airlines can 
refuse to carry animals. Some things, like the mail, human remains, domestic 
farm animals, etc., can bump lab animal shipments. So even though all the ar-
rangements are made, there is no guarantee that the animals will be transported 
as scheduled. 

 The shipper is ultimately responsible for the microbiological status of 
the animals transported by air or land. It is the shipper’s responsibility to pack 
the animals in a microbiologically secure container to prevent contamination in 
shipment. 

 Similarly, the shipper is responsible for escaped animals. Animals can 
chew out of containers, particularly those being reused. Escaped animals have 
grounded 747s and the shipper must pay the per-hour charge while the plane sits 
on the ground until the animals can be retrieved and any damage to the plane 
repaired.  

 Anticipate weather delays, temperature embargoes, and canceled 
flights. If a huge snowstorm is coming to Chicago and the shipment is going to 
be routed through it, don’t start the journey. 
 

Some things are important to keep in mind regarding any animal trans-
portation: 
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 Once an animal leaves your institution, you have limited control over 
the environment and handling.  

 The only way to minimize the risks in shipping is by journey planning 
and anticipation of potential problems. It is important to evaluate the risks and 
act accordingly.  

 Animal transportation is highly regulated. It is important not to make 
any assumptions about what is needed, especially when shipping internationally. 
These rules change regularly. The International Air Transport Association 
(IATA) revises the Live Animals Regulations (LAR) yearly, and publishes the 
Air Cargo Tariff (TACT) book, which is updated every 6 months and contains 
the tariffs and shipping standards. 

 Animals will experience some stress in transit but there are too many 
variables to precisely control it. Occasionally, animals will become sick or die 
either during or after transit, which may or may not be the result of errors in 
transit. Working with the transportation provider and collecting and analyzing 
the facts, and not making assumptions, can help in developing preventive action 
to lessen the chances of recurrence. 

 When receiving animals, assume that the outside of the container is 
contaminated and take appropriate steps. The outside of the box should be disin-
fected. 

 Separation of species during transit is not achievable. You are going to 
be in the same microbiological space. Rodents from multiple sources may be 
transported in the same van delivering animals to and from the airport. 
 

When shipping genetically modified (GM) animals, some countries re-
quire special documentation and approval to enter or move within the country. 
Occasionally, a phenotype can make the animals less tolerant of transport condi-
tions or the animal might have special requirements. It is important to remember 
that there will not be precise temperature or other controls en route. However, in 
most cases, these animals can be shipped as normal animals, as long as there is 
no overt disease or debilitating phenotype. GM animals are not considered dan-
gerous goods by airlines or other groups. There may be specific regulations in 
countries as to classifying and handling them, but as far as transit goes they are 
not considered dangerous goods. 

Authoritative references and shipping documents include the TACT book 
and LAR produced by IATA. IATA’s Live Animals and Perishables Board sets 
the standards for air transportation, which are followed by 260 airlines. Many 
governments and international bodies use the LAR as the primary transportation 
standard. 

It is essential to comply with the receiving country’s requirements, which 
may be determined by calling the consulate or through an export agent or your 
consignee. It is best to have the receiving party coordinate documentation and 
the ground transportation. 

To minimize problems: 
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 do not reuse shipping containers;  
 plan for at least 24 hours in delay;  
 ship at the beginning of the week and remember to consider holidays—

many people do not work on Saturdays and Sundays, and holidays may differ 
depending on the country;  

 develop a detailed journey plan;  
 don’t transport during temperature or weather extremes; 
 arrange for airport pickup by the consignee; and 
 use the most current editions of resources such as the LAR. 

 
There are ways to make live animal transport work more safely and effi-

ciently in the future. It is better to ship germplasm if possible, but if it is neces-
sary to ship live animals certain things are needed. 

The scientific community needs to engage the air carriers through IATA 
on issues of air carriage of lab animals. This should be done by building a rela-
tionship with a sustainable commitment to a continuing dialogue. It is not 
enough only to complain when there is a problem. To assist IATA and to culti-
vate a relationship with the carriers, it is necessary to develop proactive materi-
als to present to the heads of airlines that help reinforce the concept that labora-
tory animals are important to the biomedical research community and are a legal 
and essential cargo. 

It is important to have a strategy and structure on which to base this inter-
action, perhaps under the umbrella of a scientific organization or a consortium 
of organizations. This should be international in scope, which may suggest a role 
for the OIE. You need the participation of multiple stakeholders, not just a cou-
ple in one country. 

Training materials for all those involved in the shipping of live animals are 
advisable. It is our responsibility to provide access to correct practices and help 
carriers to better understand the needs of the animals they are shipping. To this 
end, IATA, in conjunction with ACLAM, has produced an interactive DVD 
aimed at shippers of rats and mice that will be released shortly. IATA also has 
formal training programs for air carriers. However, collaboration there could be 
helpful. A similar program for ground transportation carriers is needed. 

Another resource that is needed is an electronic master system for prepar-
ing required documents for international and national shipment, somewhat akin 
to a tax preparation program. The user enters certain required information and 
the system selects all the required documents and fills them out. Such a system 
would avoid a lot of delays in shipping. However, it needs to be developed in a 
way that allows it to be continually and rapidly updated. It might start with ro-
dents, but then expand to some of the other common laboratory animals. It 
would need to be maintained by a stable organization and underwritten by fees 
and/or grants. The same system could assist in journey planning and provide 
worksheets to guide shippers through the required steps and considerations be-
fore putting the animals into the system. A system like that has actually been 
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developed in Germany; unfortunately, the author of that computer system sud-
denly died and it is no longer available, but it should be pursued again.  

Another helpful resource would be the implementation of an “e-freight” 
system for lab animal shipments. This would allow all documents required for a 
shipment of animals to be paperless and to be sent for preapproval to catch any 
errors that might halt or delay shipment or importation. It would also address the 
issue of losses in shipment. This sort of system is being worked out for other 
types of air cargo. IATA is very supportive, and if the scientific community 
were to do the same and worked with them in developing it, it would go a long 
way in reducing errors in shipment. 

Another consideration is the development of government-supported, aca-
demic-based, and commercial nodes for streamlined movement of animals. This 
would require a lot of organization and would need a variety of alternatives. 
Some of this is already available on a commercial basis and by cooperation be-
tween repositories. Key issues here are funding and access. In addition, there 
must be allowances for protection of intellectual property and downstream li-
ability for errors in the process. 

Last, there is the cold chain process used for shipment of critical products 
and ingredients. This monitoring process involves looking at the temperature 
and other environmental conditions of materials as they move through the trans-
port system. Much of the information about transportation failures, especially 
with ground transportation, is anecdotal. An effort to proactively track environ-
mental conditions and to work with transporters could be very helpful. This may 
be done with devices like the TurboTag, which will do 700 interval recordings 
of temperature and can be disinfected and reused. It is read with an RFID (radio 
frequency identification) reader and the readings are downloaded into an elec-
tronic record. Each TurboTag costs about $20; the reader is about $75. We have 
started putting them throughout shipments to look at airflows and temperature 
mapping. They will help us to get a better understanding of where failures are 
and how we can prevent them. 
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Framing the Issues 
 

Joseph Kemnitz 

 
We are entering a very exciting era indeed of discovery in nonhuman pri-

mate (NHP) research, which I will illustrate with a few points. 
The emphasis on translational research during Elias Zerhouni’s tenure as 

director of NIH has certainly stimulated interest in the pathway connecting basic 
science to human health, not only in the direction of basic to human but also 
taking information from human clinical work back to animal models and to the 
bench. NHP research does not represent a wayside in this highway but rather is 
often an essential vehicle in the process of transferring information from one end 
of the spectrum to the other. 

A second point worth mentioning is that the genome of several NHP species 
has now been sequenced, with more to come soon. The -omics associated with this 
are developing very rapidly. The study of genes, proteins, and biochemical reac-
tions in complex primate organisms is enormously exciting at this time. 

Being from the University of Wisconsin in Madison, I am personally very 
excited about the potential application of embryonic stem cells and induced 
pluripotent cells to alleviate human disease. [But] before transplant therapies can 
be applied in humans, a great deal of work must be done in nonhuman primate 
models. 

Much work also needs to be done in the realm of vaccine development for 
HIV, flu, and other viral diseases. The HIV vaccine summit last spring pointed 
to the need to step back from clinical trials and redouble efforts using NHP 
models, which will, of course, increase the demand on our animal resources. 

Finally, the development of informatics and information technology sys-
tems now can enable better organization, management, and sharing of data and 
dissemination of new knowledge from these studies. This is contributing to the 
overall excitement in the field. 

This era must be enabled by careful consideration of several issues and 
overcoming current obstacles. The identification of appropriate species and the 
supply of these species need careful attention. Identifying sources of animals of 
specific species, characterizing these animals in terms of genetics and their 
backgrounds, and ensuring quality control in terms of viral status are all impor-
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tant issues for animal health, human occupational safety, and efficient use of 
these animals in studies. 

Forecasting needs must be done in terms of not only species but also the 
important characteristics: age and sex. To emphasize the age aspect, in studying 
diseases of aging and processes of aging in rhesus monkeys, we must keep in 
mind that it takes 25 to 30 years to grow an aged rhesus monkey. That fact is 
sometimes lost in discussions of supply-and-demand issues. One cannot make 
short-term shifts in trajectories in managing the supply of nonhuman primates. 

Deliberate action pertaining to identifying needs and careful management 
of primate resources along these lines constitutes refinement, in itself, and will 
enable achievement of research goals with fewer animals in the long run. It will 
also lead to financial economy in this endeavor.  

Given the globalization of the effort in primate research, and the practi-
calities of the work, such as transportation of animals and biological materials, it 
is increasingly important that we consider local, national, and international poli-
cies and politics. The next presentations will address many of these points.  
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SUPPLY AND USE OF NHP  
AROUND THE WORLD 

 
The United States 

 
William Morton 

 
My presentation will focus on the use and numbers of nonhuman primates 

(NHP) in research in the United States. To determine these numbers it was nec-
essary to visit a lot of regulatory agencies—including the CDC, USDA, and 
NCRR/NIH (for chimpanzee data)—and Indonesia. The bottom line is that it is 
very difficult to quantify this in any meaningful sort of way. It seems that no-
body really has the number of nonhuman primates that are used in research.  
In addition, different organizations and agencies count these numbers in differ-
ent ways. 

In some instances, it was necessary to go to the animal rights groups or to 
Wikipedia to find out numbers. After averaging all the numbers, the total is ap-
proximately 70,000 to 75,000 nonhuman primates each year, and that includes 
all types of use, whether they are being bred or held or actually used in research. 

The CDC has 27 different registered NHP importers in the United States 
(information provided with the assistance of Bob Mullan and Gail Galland). In 
the early days of this field, there were over 100 importers of NHP, suggesting 
that greater regulation has resulted in fewer animals being imported. It is inter-
esting to note that nearly half of these importers are commercial importers, with 
the rest scattered among zoos and academic institutions. 

CDC has requirements for licensing a facility. All NHP are required to 
stay in a federally registered quarantine for at least 31 days before they can be 
transferred to another institution. Most institutions quarantine them for a longer 
period of time.  

One of the confounding regulations was the requirement for records on 
these primates as they moved from the initial importing institution to other insti-
tutions. The importing institution has to document whether the animals are being 
held for scientific, exhibition, research, or educational use and that wherever 
they send the animals will likewise register in the same category. The intent is to 
keep these animals out of the pet trade. The CDC inspects facilities, reviews 
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import plans, monitors arriving shipments, assesses disease control measures, 
reviews animal health records, and investigates illness reports. 

The data on NHP importation from 1994 to 2007 show a continual in-
crease. In 2005 to 2007, the last three years for which data are available, the 
number rose to over 25,000 or 26,000 primates per year being brought into this 
country. This suggests a greater use of nonhuman primates in the United States. 
If the data are broken down further one finds that over 93% of imported NHP 
are Macaca fascicularis, or cynomolgus; 5% are M. mulatta, or rhesus, probably 
from China. The rest are scattered among other species. 

If one looks at the data by importer, each importer brought in from one to 
over 10,000 animals, with the number of shipments per importer ranging from 
one to 70 a year. A significant statistic is the percentage of dead-on-arrivals: 
zero to 0.2%, which is very low. This is a huge improvement from many years 
ago when a 10% to 15% mortality rate was considered good. Reportable ill-
nesses are very low now as well. 

Looking at the importation data further, 60% of these animals are coming 
from China, followed by Vietnam and Mauritius. Over 85% of the animals are 
coming from three countries.  

NIH (through NCRR) supports eight national primate research centers, 
which collectively contain almost 28,000 nonhuman primates, with the majority 
being rhesus monkeys. It becomes clear that it is the rhesus monkey that is used 
in research, not M. fascicularis (cynomolgus). Cynomolgus monkeys are used 
by commercial industries, pharmaceutical industries, or CROs for toxicology, 
efficacy, safety, and pharmacodynamics. 

NCRR is moving toward the development of so-called specific pathogen–
free colonies, which consist primarily of rhesus colonies, M. mulatta. Those 
colonies are primarily SPF-4, meaning they are free of SIV, STLB, SRV, and 
herpes B. There are other colonies called “superclean” that have even more vi-
ruses eliminated, such as cytomegalovirus, foamy virus, and perhaps others. At 
this point, roughly 5,000 rhesus monkeys in SPF-4 colonies are being produced 
for research by investigators throughout the country. There are plans in the na-
tional primate research centers program to create even more SPF colonies in the 
years to come. 

The major types of research conducted at the primate centers are AIDS 
and other infectious diseases: these account for over 40% of research activity. 
Neurobiology research is also prevalent, at almost 20% of activity, and various 
other areas make up the rest.  

Many specialized resources emerge from primate center programs. Per-
haps one of the more important ones is the NHP tissue program, from which 
over 42,000 primate tissue samples, organs, genetic samples, cells, fluids, and 
more are supplied to investigators throughout the nation and internationally.  

USDA annual reports provided information about how many primates 
were in use in registered facilities throughout the United States. There are 
roughly 46,000 or so NHP listed in these reports, either in column B (used for 
breeding) or columns C and D (used in research, in situations where there is no 
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pain, momentary pain, or pain alleviated with analgesia). Interestingly there 
were no reports of animals in column E (unrelieved pain and/or distress). This is 
difficult to understand since there are clearly projects going on at various facili-
ties that fall under column E.  

In summary, based on these and the previous data, an estimated 70,000 to 
75,000 primates are used in research.  

Now I will address the use of chimpanzees, and I would like to acknowl-
edge the contribution of Tom Butler for the information I will share with you. 
The most important thing about chimps is that they share roughly 98.5% of their 
DNA with humans. Therein lies both the benefit and the curse of the issue of 
chimps in research, and there are many different thoughts about whether or not 
they should be used for this purpose. 

Using chimps means increased expense due to the need for larger cages, 
larger facilities, stronger people, and more educated people. Six centers in the 
United States maintain chimpanzees: the Southwest Foundation for Biomedi-
cal Research (San Antonio, TX), Michale Keeling Center for Comparative 
Medicine (Bastrop, TX), New Iberia Research Center (Louisiana), Yerkes Pri-
mate Center (Atlanta, GA), Primate Foundation of Arizona (Mesa), and Ala-
mogordo Primate Facility (New Mexico). All but the last two conduct research 
on chimpanzees. 

The population of chimpanzees is continually declining.1 From the latter 
part of 2006 to the first part of 2007, there was a decline of nearly 100 animals 
or almost 10% of the chimp population. The population has been declining pri-
marily for health-related reasons. Another consideration is that about half of the 
animals are owned or subsidized in part by the federal government, which tradi-
tionally does not make these chimps available for research by private industry.  

A key factor is animal age. The desirable age for chimps in many research 
projects is roughly up to 21 years of age, which is about the time health prob-
lems begin developing, particularly cardiovascular problems. As of 2008, only 
about half of the US chimp population was below the age of 21, further accentu-
ating the declining usable numbers of chimps for research. Given the current 
rate of decline, the number of chimps for research will be close to zero by the 
year 2030. While age can exclude chimpanzees from use in research, other fac-
tors to consider in choosing animals include behavioral characteristics, health 
status, experimental history, and current research. 

So there are very few chimps available for research in the United States. 
Yet there are those who insist that the chimpanzee is the only animal that can be 
used specifically for pharmacodynamics in a way that the human is used, to test 
monoclonal antibodies. Many of these monoclonal antibodies cannot be tested in 
other warm-blooded mammals or in other NHP species because they are elimi-

                                                 
1Data in this and the next paragraph are from an unpublished workshop presentation 

by Thomas Butler, DVM, DACLAM (currently Chair of the Board of Directors of Chimp 
Haven in Keithville, LA), “The Future of Chimpanzees in Biomedical Research,” on 
October 17, 2007. 
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nated very rapidly. The chimp is the only animal that processes these monoclon-
als in a way that they can be tested.  

Vaccine development is another huge concern in considering research on 
chimpanzees. The chimpanzee was integral to development of the hepatitis B 
vaccine and is used to make improvements in it. In addition, it is the only known 
animal model for hepatitis C and is being used in attempts to develop a hepatitis 
C vaccine. However, it should be noted that in the early days of AIDS research-
ers thought chimps would be extremely valuable, but that was not the case.  

In terms of emerging infectious diseases, many scientists feel strongly that 
the chimpanzee should not be allowed to disappear from the US research scene. 
Some argue that it would be foolhardy to let the chimp population disappear and 
then need the animals again for future critical research.  

In 1997 the National Research Council published a report that set the stage 
for the future of chimps with regard to breeding (Chimpanzees in Research: 
Strategies for Their Ethical Care, Management, and Use). The breeding ban for 
chimps in federally funded facilities continues today. The report also recom-
mended that euthanasia not be allowed for population control. Along with this, 
there was a suggestion that a national chimpanzee sanctuary facility be created; 
Chimp Haven, in Shreveport, Louisiana, took in its first animals in 2005 and 
now houses about 110 chimps in retirement. Although the NRC report recom-
mended that there be 1,000 chimps available to meet current research needs, 
there would need to be 60 births per year. With the federal ban on breeding, 
there are only about 15 births per year at privately held facilities. Because the 
population of chimps is aging, it seems certain that the numbers will continually 
decline. In addition, most chimps have been used for experiments, so there will 
be virtually no naïve animals for future studies. 

In the last part of my presentation, I would like to highlight Indonesia, a 
typical exporting country for NHP. Most people in the United States are un-
aware of Indonesia, yet it is the fourth-most populous country in the world, 
made up of 13,000-plus islands, and home to numerous species of nonhuman 
primates, including vast numbers of Macaca fascicularis. Much of the following 
information was obtained from the Indonesian quarantine group, which is re-
sponsible for export. 

Between 2004 and 2007, there was a rapid increase in the numbers of non-
human primates exported. Most have been going to China, which is rapidly be-
coming the giant in terms of NHP use as well as NHP export to the United 
States and other countries. In China, and to a lesser extent in Indonesia, primate 
centers and research centers are being built. These countries will no longer want 
to supply NHP to the US and other countries as they will want to develop re-
search enterprises in their own countries. Many people from those countries 
have been educated in the United States and Europe and are beginning to feel 
ready to do research back home.  

For example, the Bogor Primate Research Center in Indonesia has the ca-
pacity for many major types of research procedures, including those that involve 
ABSL-3 facilities. Many cutting-edge research projects are ongoing in conjunc-
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tion with laboratories in that country. The center has virology labs that are as 
large and as well equipped as those in the United States. This is happening be-
cause the Indonesian government and others have invested money and training 
and now they are prepared to undertake research projects on their own. These 
types of activities are occurring in many other countries of origin of NHP. These 
countries are very capable and they are looking to increase these activities.  

I will conclude by explaining why there is an increase in NHP exportation. 
Breeding colonies are developing everywhere in Indonesia because new laws 
prohibit the exportation of feral animals. Countries of origin such as Indonesia, 
China, India, and others will be requesting outsourcing of research from the 
United States.  

In summary, obtaining accurate numbers of NHP used in research is diffi-
cult at best, but the trend is increasing, not decreasing. The need for research 
using chimpanzees remains controversial, but they will continue to be used at 
least in the short term. 

I would like to thank Bob Mullan and Gail Galland from CDC, John Hard-
ing from NCRR and NIH, Tom Butler for giving me the chimp data, Joko Pa-
mungkas and others from the Bogor Primate Center and the quarantine division 
of the Indonesian governments, and Pam Ferguson and Patti Rosendahl from 
Paris NHP. 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

224 

 
 

China as a Resource for NHP 
 

C.K. Hsu 

 
In this presentation I will highlight how big the Chinese nonhuman pri-

mate (NHP) production capability is, the quality of the animals, animal welfare 
considerations, and how the animals are exported worldwide. 

China has been a leading and major supplier country for NHP, not only to 
the United States but to Europe, Japan, and now to Korea. The numbers of NHP 
used by various countries in 2002 and estimated for 2007 are 52,000 and 59,000, 
respectively, by the US1; 4,000 and 5,000 by France2; 3,000 and 4,000 by the 
UK3; 2,000 and 3,000 by Germany4; 2,000 and 3,000 by Canada5; and 3,000 and 
5,000 by Japan.6,7 China has also been exporting NHP to the Netherlands and 
Spain and, particularly in recent years, has been exporting macaques to Canada. 

                                                 
1Data extrapolated from USDA Report of Animal Welfare Act in these two years.   
2The numbers of NHP used in France were extrapolated from Chinese suppli-

ers/breeders and the report from the European Commission to the Council and the Euro-
pean Parliament on Statistics on the Number of Animals Used for Experimental and 
Other Scientific Purposes (2002). I also referred to the Ethics of Research Involving 
Animals, Appendix 2: Statistic-Research Involving Animals in the UK, EU, USA, and 
Japan.  

3The numbers of NHP used in the UK were extrapolated from Home Office (2004) 
Statistics of Scientific Procedures on Living Animals Great Britain 2003 and from other 
sources, including the Ethics of Research Involving Animals, 2005.  

4The numbers of NHP used in Germany were extrapolated from Chinese export 
sources and from the European Commission report cited above.  

5The numbers of NHP used in Canada were extrapolated from Chinese export data 
and a personal survey of Canadian importers.  

6The numbers of NHP used in Japan were extrapolated from Chinese exporters’ in-
formation as well as information provided by Japanese users and from Chinese govern-
ment records. I also referred to a survey from April 2001-March 2002, performed by the 
Committee for Laboratory Animal Care and Use (2003).   

7Author’s note: The UK, France, Germany, Canada, and Japan do not have yearly 
compulsory reports on the use of laboratory animals like the US. I believe that the ex-
trapolated numbers of NHP used in 2007 in these countries are fairly close to the reality.  
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If one looks at the total number of the macaques imported into the US in 
2006-2007, the number was higher in 2006.8 In 2007, 27,000 macaques were 
imported, of which cynomolgus constituted 93% and rhesus only about 5%. 
Based on the data from Asia that Dr. Morton presented, almost 25,000 NHP 
were imported from Asia, representing 93% of the total NHP imports worldwide 
to the United States for research use. 

Specifically looking at China over the past two years, in 2006 the US im-
ported about 11,000 cynomolgus monkeys and about 1,400 rhesus, and in 2007 
about 15,000 cynomolgus and 1,350 rhesus.9 As a clarification, cynomolgus 
monkeys are not native to China. They have come into China from various 
countries in Asia. Of the cynomolgus monkeys imported in the US from Asia in 
2007, 68% are from China compared to 13% from Mauritius. Imports from 
Cambodia, Indonesia, and the Philippines are rising. 

In the past two to three years, Chinese breeders have imported a large 
number of cynomolgus monkeys from Cambodia. The Chinese government 
exerts tight control and either restricts or approves the process. For example, 
in order to import 2,000 or so of the animals by charter from Cambodia to 
China, it is necessary to acquire an import permit, which usually takes about 
six months. During this process, the government, both local and central, sends 
representatives to a region or supply farm for inspection. They check on the 
number and quality of the animals and whether they are wild-caught or pur-
pose-bred animals.  

In the past three years, China has increased the number of breeders. All 
the primate breeding facilities must obtain a license for production of the non-
human primates through the Bureau of Wildlife Protection and Conservation in 
the central government. They must also be approved by a similar office in the 
provincial government. The government does not allow breeders to sell their 
animals for up to six years from the start of the facility. Many want to know how 
many NHP facilities there are in China. There are 32 “qualified” facilities in 
China, meaning that the facilities are monitored for the number of animals and 
their quality. Of these facilities, in 2008 23 of them were able to sell/export cy-
nomolgus monkeys and 16 of them rhesus. Some of the facilities engage in cy-
nomolgus monkey breeding only, some of them have both cynomolgus and 
rhesus, and some of them breed only rhesus monkeys. 

Among the 32 NHP facilities half of them are large, meaning they have 
over 10,000 animals. Some of them are medium-sized or small, with 5,000 to 
9,000 animals. 

                                                 
8The total number of the macaques imported into the US in 2006-2007 was obtained 

from the CDC presentation at the annual Conference of the Association of Primate Vet-
erinarians.  

9The numbers of cynomolgus macaques and of rhesus macaques were from CDC  
reports at APV meetings.  
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The number of the facilities has been increasing because there is a  
perceived increasing demand for macaques and particularly for cynomolgus 
monkeys. 

China has a commercial quota system. Toward the end of each year, the 
Bureau of Wildlife Conservation and Protection as well as the provincial gov-
ernment and an ad hoc committee visit each facility and count the animals in 
terms of how many young, the ages of the animals, and the total number of 
breeders. Based on this information, they assign each facility the number of 
animals allowed to be commercialized (i.e., exported or used domestically in 
research). 

From 2006 to 2008, the quota for cynomolgus production and sale in-
creased. The quota for rhesus increased only slightly and most of the large facili-
ties are not involved in the breeding of rhesus monkeys now. 

It should also be noted that most of the breeding facilities for cynomolgus 
monkeys are in the southern part of China, and facilities for rhesus monkeys are 
mostly in the central or western part of China. 

The number of breeding females in the 32 facilities was obtained from 
each facility as well as from government data. In 2008 there were about 62,000 
breeding cynomolgus monkeys and 8,600 breeding rhesus monkeys. 

About 18,000 to 19,000 macaques are exported from China each year and 
the mortality rate is very low, on the order of 0.06% in 2007. Transportation of 
NHP has not presented any problems in China. Several airlines—Air China, 
China Eastern, China Southern, and Hainan Airline—are willing to transport the 
animals from China worldwide—to the United States, Europe, Japan, and  
Canada. Since many of the animals come from the south of China, they are 
shipped from Guangzhou Airport. Animals are also shipped from Shanghai and 
Beijing. The major receiving airport in the US is Los Angeles, with the second 
being New York (JFK and Newark). Chicago and Seattle airports also receive 
animals. Thus, transport of nonhuman primates to worldwide places from China 
is not a problem. 

In looking at the practices related to supply and quality of NHP in China, 
it usually takes about 2-3 months to obtain the commercial quota as discussed 
earlier. There is also a quarantine program that is very similar to that in the US 
for animals to be exported. The quarantine process lasts from 1½ to 2 months, 
during which the animals must receive three TB tests at two-week intervals and 
are also tested for various viral, bacterial, and parasitic diseases. China has very 
good diagnostic methods in terms of simian immunodeficiency virus (SIV) and 
B virus. However, since the US has the Virus Reference Laboratory (VRL), the 
viral status of animals imported into the US will be confirmed by the VRL. The 
animals receive vaccinations for measles and hepatitis A prior to export. Finally, 
each animal receives a certificate of health by the Provincial Administration of 
Quality Supervision, Inspection, and Quarantine (AQSIQ). Since 2007, the vast 
majority—about 90%—of animals are virus free. They also can be vaccinated 
upon request.  
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One issue I would like to address is the concern that China is not con-
cerned about animal welfare. In fact, China has five regulations related to wel-
fare of laboratory animals.10 Violation of certain of these regulations carries a 
penalty.11 
 

                                                 
10(1) Statute on Administration of Laboratory Animals (1988), issued by the Ministry 

of Science and Technology. (2) Project on Laboratory Animals during the Ninth Five 
Years (1997), issued by the Ministry of Science and Technology. (3) Guideline of Beijing 
Municipality on the Review of Welfare and Ethics of Laboratory Animals (2005), issued 
by Beijing Administration Office of Laboratory Animals. (4) Guideline on Humane 
Treatment of Laboratory Animals (2006), issued by the Ministry of Science and Tech-
nology. (5) Regulations on Punishment of Dishonorable Behavior in Science and Tech-
nology Projects (2006), issued by the Ministry of Science and Technology.  

11Furthermore, most CROs conducting animal studies or testing as well as all 
AAALAC-accredited primate facilities have an IACUC.  
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New World Primates in Research 
 

Chris Abee 

 
By way of definition, New World monkeys and neotropical primates are 

the same thing and comprise primates that are indigenous to the Americas. 
There are four main genera of New World monkeys that are used in research: 
squirrel monkeys (Saimiri spp.), owl monkeys (Aotus spp.), marmosets (Cal-
lithrix jacchus), and tamarins (Saguinus mystax). 

New World monkeys are used in virtually all the same ways as the Old 
World monkeys in biomedical research. They are used for discovery research 
and for preclinical research. It is essential to draw a distinction between the two 
[types of research], because the vast majority of primates that are imported are 
used for preclinical studies, safety, and efficacy studies. 

Discovery research focuses on discovering something new, something pre-
viously unknown, and is typically investigator-driven research funded by the 
NIH. Preclinical research focuses on verifying what was learned in discovery 
research under the highly controlled GLP conditions that are required by the 
FDA or equivalent regulatory bodies in Europe. Both types of research contrib-
ute to the translational science that we talk about in the United States—from 
bench to bedside. 

Genomic comparisons are often used as a rationale for why primates are 
important for certain kinds of research into human disease. New World monkeys 
and Old World monkeys share approximately 92% and 94%, respectively, of 
DNA with humans. Chimpanzees, of course, are even closer, sharing over 98%.  

Among the squirrel monkeys (genus Saimiri), three species or subspecies 
are used in research, primarily in the United States. Saimiri sciureus sciureus is 
the common squirrel monkey and the one most frequently imported to the 
United States; S. boliviensis boliviensis, the Bolivian squirrel monkey, and S. 
boliviensis peruviensis, the Peruvian squirrel monkey, are also used for research. 
Three species of owl monkeys are used in research: Aotus nancymaae, A. vocif-
erans, and A. azarae. Marmosets (Callithrix jacchus) are used in Europe more 
than in the United States, but there are several colonies around the country: one 
at the Wisconsin National Primate Research Center, one at the Southwest Na-
tional Primate Research Center, and a small colony at the New England Primate 
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Research Center. Tamarins are used probably the least of the four genera, and 
Saguinus mystax is the most commonly used one in the United States.  

Bolivian squirrel monkeys are no longer available through importation due 
to bans in the country of origin—Bolivia no longer exports squirrel monkeys, so 
we are not likely to get more of these. Bolivian squirrel monkeys have been very 
useful in malaria research because they are susceptible to falciparum malaria 
and Plasmodium vivax. They have also been used in prion disease work, the 
transmissible spongiform encephalopathies. Squirrel monkeys are susceptible to 
every prion disease with which they have been infected, including wasting dis-
ease of deer, which is a growing problem in the United States. If one looks at 
lesions from brains with sporadic and variant Creutzfeldt-Jakob disease (CJD), 
there is a little difference in the lesion. In sporadic CJD there is a generalized 
spongiform change. In the variant form of the disease, which is thought to have 
come from eating contaminated beef from animals that had bovine spongiform 
encephalopathy, the lesion creates a rosette around accumulations of abnormal 
prion protein. Squirrel monkeys develop these lesions and they look virtually 
identical to those seen in humans. 

Owl monkeys have been used for malaria research, pathogenesis, and vac-
cine development work with malaria. In our colony we have seen a high preva-
lence of cardiomyopathies and the sequelae to chronic hypertension. These ani-
mals exhibit aortic aneurisms and hypertrophic cardiomyopathy. In the end 
stages of the disease they develop chronic heart failure, and instead of the heart 
pumping it just appears to vibrate—the contractility of the heart is virtually 
gone. This is, as far as we know, the only spontaneous or naturally occurring 
chronic severe hypertension model in a primate species. 

Marmosets have been used for a number of studies of obesity, metabolic 
syndrome, aging, and reproductive biology. They are valued in reproductive 
biology because about 80% of these animals produce dizygotic twins, which 
share the same placenta, so there is a very high prevalence of chimerism.  

Tamarins were very important in the development of hepatitis A vaccine. 
They are susceptible to GB virus B, which is closely related to hepatitis C virus. 

In the United States there are three sources of New World monkeys. One 
is through importation. Second is through an agreement between the Pan Ameri-
can Health Organization (PAHO) and NIH through the Peruvian Primatology 
Project to provide small numbers of New World monkeys to NIH and through 
NIH to others that need them for research; not very many animals are imported 
that way, but it is a source. Then finally, animals can be obtained from the Cen-
ter for Neotropical Primate Research and Resources at the University of Texas 
M.D. Anderson Cancer Center, and specifically at the Michale Keeling Center 
for Comparative Medicine. The Center for Neotropical Primate Research and 
Resources is supported through two grants from NCRR, one for squirrel mon-
keys and one for owl monkeys. 
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To obtain specific information about importation of these species, I went 
to the CITES1 database and looked up importation data over a 5-year period, 
from 2002 to 2006. Of all the species, squirrel monkeys are the most commonly 
imported around the world. Between 2002 and 2006 over 4,000 monkeys were 
exported to North America and almost 3,000 to other regions of the world. 

Looking at the number of squirrel monkeys imported into the United 
States by year from 1997 to 2006, the highest number was in 2002 (>500); in 
most years it averaged between 200 and 300 a year. These numbers do not take 
into account animals procured from domestic colonies, and do include research 
colonies at institutions around the country. 

Owl monkeys imported to the United States have come from two coun-
tries, Argentina (Aotus azarae) and Peru (A. vociferans and A. nancymaae). Vir-
tually all of these animals have been used for malaria research. 

Animals supplied through the Center for Neotropical Primate Research 
and Resources have been primarily squirrel monkeys. The owl monkey resource, 
for which funding began in 2004, has begun to grow, but as with all breeding 
resources of primates, it takes years to develop them. 

To determine the types of research done in various species of NHP, I que-
ried the CRISP database.2 Macaques are by far the most frequently used NHP, 
with over 650 grants/contracts in 2008 citing their use. About 40 grants this year 
cite the use of the squirrel monkeys, 15 cite owl monkeys, and 6 cite marmosets. 
One must be careful in interpreting these numbers because they only reflect NIH 
extramural research and do not take into account NHP used by the Department 
of Defense, which used many, as well as the Food and Drug Administration and 
the Centers for Disease Control and Prevention. 

The intramural research program of NIH also uses primates, and they use 
more macaques than any other genus of primates. However, the NIH Office of 
Animal Care and Use provided information that imports through PAHO from 
2002 to 2006 totaled 230 owl monkeys and 68 squirrel monkeys. 

To try to bring it into perspective, New World monkeys are valuable for 
several key diseases. The owl monkey is an emerging model for cardiovascular 
disease and chronic hypertension. In the United States in 2008, an anticipated 
400,000 people will die from cardiovascular disease. Looking worldwide of 
course it will be far, far greater. 

These animals have been used extensively for malaria research. While not 
of foremost importance in the United States, malaria remains one of the most 
devastating diseases worldwide. Mortality in 2008 is expected to be almost 3 
million people, and 75% of those who die from malaria are women and children. 

                                                 
1The Convention on International Trade in Endangered Species of Wild Fauna and 

Flora (www.cites.org).  
2The NIH Computer Retrieval of Information on Scientific Projects system, since re-

placed by the RePORT Expenditures and Results (RePORTER) query tool (http://proj 
ectreporter.nih.gov/reporter.cfm). 
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Half of the children in Africa that die before the age of 5 die from complications 
from malaria. 

Finally, these animals are important in studies of hepatitis B and C. Al-
though there is now a vaccine for hepatitis B, these diseases remain a big prob-
lem. Tamarins were very important in the development of hepatitis A vaccine, 
and they may provide answers to some questions about hepatitis C. It is hard to 
determine numbers for the impact of hepatitis B and C worldwide, but it is 
probably on the order of 3 million or more people, and people who survive with 
hepatitis C for 25 years have a very, very high incidence of hepatocellular carci-
noma and hepatomas. So it is also a risk factor in cancer. 

I want to thank Jim Taylor, Don Bordine, and Alfie Caesar, who helped 
me with some numbers, as well as Larry Williams and Laura Zapalac in my  
department. 
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CHALLENGES IN  
OUTSOURCING STUDIES 

 
 

An Academic Perspective 
 

James Macy 

 
A paradigm shift is beginning to occur with regard to academic collabora-

tions across borders. Historically there has been a lot of collaboration between 
US academic institutions and those in the United Kingdom, Canada, and Europe. 
There was certainly a comfort zone in these interactions in terms of animal care 
and use regulations—they are not the same in each area, but clearly they func-
tionally accomplished the same things. 

More recently, countries such as China and India have the scientific and 
the physical infrastructure to perform cutting-edge science. With China as an 
example, there is technology developed there that is innovative and when at-
tached to an NIH individual or program project application makes it very attrac-
tive for funding. So the academic agency has to determine how to best collabo-
rate with this other institution. Unlike a CRO, it is not necessarily a choice of the 
institution but a choice of the research.  

The problem is that our academic institutions do not have much experi-
ence with the local animal care and use regulations, especially in countries like 
China and India. Thus the two central questions that need to be considered are: 
Is the animal care and use being performed under reasonably appropriate condi-
tions in a humane and ethical way? And are the resulting data of acceptable 
quality and integrity? There have been some recent updates in regulations re-
garding human clinical studies, which center on the last point and probably ap-
ply to animal studies as well. 

In an academic institution, oftentimes most of the funding is predicated on 
the US Public Health Service (PHS). The following is a scenario outlining the 
institution’s responsibility when there is a PHS award with a foreign component. 
That foreign component is usually executed through a subaward or subcontract. 
A foreign component is defined as performing a significant element of the pro-
ject outside the United States. It is performed either by the grantee or an indi-
vidual working for the foreign institution, and funds do not necessarily change 
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hands. For example, an investigator may be listed as key personnel under a 
grant. Even though the investigator might not be getting paid for it, it still can be 
a foreign component as long as there is a significant element in the work that is 
being performed for that project. So a foreign component involves human or 
animal subjects. It also includes what we would consider field studies, if some-
body is going to a foreign site and collecting samples from animals. If the inves-
tigator is acting as a consultant, the institutions must grapple with that, because 
consultants are not included in the NIH foreign component entity. 

Looking at the terms or conditions of a subaward or subcontract language 
related to animals, there are several points to consider. One is that the foreign 
entity must file a PHS assurance or provide evidence that acceptable standards 
for the humane care and use of animals will be met. All performance sites have 
to be operating under an assurance and there has to be verification of an IACUC 
approval. What does the foreign assurance entail? It is essentially a one-page 
document with three major components: a statement that the institution must 
comply with whatever the local regulations are; the institution needs to be 
guided by the International Guiding Principles for Biomedical Research Involv-
ing Animals issued by the Council for International Organizations of Medical 
Sciences (CIOMS), which are very similar to the US Government Principles; 
and the institution has to make a reasonable effort to ensure that the people do-
ing the work understand the regulations and their responsibilities.  

The foreign assurance is now in the process of revision. In contrast to a 
domestic assurance, the foreign assurance does not have a statement about the 
Animal Welfare Act, does not mention the need for accordance with the Guide 
for the Care and Use of Laboratory Animals, does not address lines of authority 
for administering a program, does not ask for the qualifications of the veterinar-
ian, and does not have reporting requirements. The IACUC review, reporting 
and understanding the qualifications, falls to the primary recipient, which is the 
institution receiving the grant. 

From an institutional perspective, the initial challenge is knowing that 
there is a grant with a foreign component. In an IACUC protocol, the investiga-
tor may forget to check the box for off-site research or may forget to indicate all 
the locations where the research will be done. There also may be some confu-
sion as to whether the work being performed off-site has to be listed in the 
IACUC protocol. 

The IACUC protocol is often one way to monitor off-site research, but the 
key is to ensure that your institution is doing a congruency review, i.e., certify-
ing that what is in the grant matches the IACUC protocol. When doing a con-
gruency review, the person reviewing the grant will see the subcontract includ-
ing a description of the work and the justification for having it done off-site. The 
reviewer will determine whether there are procedures in the grant that are not in 
the IACUC protocol. So this is a very good protection mechanism that needs to 
occur. 

Another important issue to consider is export control, not necessarily with 
respect to animals but other things that can go back and forth. This is highly 
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regulated by the US State Department, the Commerce Department, and the 
Treasury Department. Although most of these regulations do not apply here, and 
it is a low-risk situation, the consequences are very high if they are not followed. 
There may be fines up to a million dollars and imprisonment up to ten years. So 
it is critically important to determine that if there are to be animal-related items 
or products going back and forth, they are not on the commerce control list or 
part of any other export regulations.  

Once an institution enters into an agreement to perform animal research at 
a foreign site, there needs to be a risk assessment to determine what the institu-
tion needs to do for monitoring and oversight. What kind of oversight is there? 
Is the institution AAALAC accredited? Are there local regulations? What infra-
structure is available? What is the physical plant like? Are the human resources 
skilled or unskilled? What are the reporting lines of authority? There are also 
concerns about conflict of interest, e.g., is the person in charge of animal welfare 
reporting to the investigator doing the work? Also, the species involved may 
matter—the higher the species the more concern. Other concerns surround 
whether the procedures are invasive or noninvasive, the appropriateness of the 
number of animals, and whether the study is large or small. It is important to 
know whether the institution has a track record of collaborating with other insti-
tutions and whether any of their work has been published. If so, what does the 
materials and methods section say in the paper? This information can give a lot 
of insight into how the institution conducts its work. 

After the risk assessment, a monitoring program needs to be implemented. 
There is an auditing clause in the subaward or subcontract, which primarily in-
volves following the money to see how it is spent. However, it also gives the 
primary institution the ability to audit any documents related to regulations. In 
addition, the auditing clause allows the primary recipient to audit many aspects 
of the project according to the terms and conditions of the subcontract. The 
terms of auditing need to be very clear. If the institution wants to perform a spe-
cific document review, it needs to specify which documents should be kept and 
the frequency of the audit review. 

Physical monitoring of the facility is the best option. There are multiple 
ways to do this, but the best is a site visit at least initially. Physical monitoring 
may also be done by requesting pictures and videos, or by looking through 
webcams. These methods all have security issues but as it has been said be-
fore, a picture is worth a thousand words, and going there is probably worth 
10,000 words. 

What happens if through the monitoring review noncompliance is ob-
served? Who reports? Recall that the foreign assurance does not require that 
institution to report; reporting is the responsibility of the primary grant recipient. 
Who is held accountable for investigation and correction? Since the foreign 
country is out of OLAW’s jurisdiction, the main responsibility is on the primary 
institution. On the OLAW website there is a document that describes what hap-
pens during progressive noncompliance. Certainly one repercussion would be 
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cessation of the financial support to the foreign institution if noncompliance was 
not resolved. 

The last thing I wish to address is the recent trend with clinical trials. The 
FDA has put out new standards for the conduct of clinical trials. The new stan-
dards mandate that foreign clinical trials must now have an independent ethical 
committee and must be in compliance with the FDA’s good clinical practice. In 
the past, the standards were similar to what the requirements are for the foreign 
assurance now, i.e., the work must follow an international guideline. However, 
the stringency has increased to ensure that the data are reproducible and of ap-
propriate quality to support a New Drug Application.  

In an academic collaboration the onus is on the primary recipient to make 
sure that all of these things are occurring. If issues arise that are numerous and 
serious enough, it may be that this kind of regulation for animals will follow. 
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Perspective from China 
 

Alex Zhang 

 
To begin, I would like to say that I am not a specialist in laboratory ani-

mals but rather a biologist, with a specialty in stem cells. For the past eight years 
I have been working in a medical university in Beijing and I am currently in-
volved in an effort to build a primate research facility in China from the ground 
up. I would like to tell our story of how to build such a facility. 

In the past few days, almost all the talks mention China, and yet I am the 
only person who came from China, and I am not even a specialist in this particu-
lar area. At the end of my presentation, I would like to offer suggestions for 
those who are either planning on or now working with Chinese entities on scien-
tific projects. 

In 2003, most of my research [on stem cell therapy] was with mice. Before 
going to human trials I wanted to move to nonhuman primates. At that time the 
SARS epidemic rampaged through China and all animal transportation was 
stopped throughout the country. Consequently I wanted to find out where it 
might be possible to do NHP studies in China, i.e., where the monkeys were, 
where the good facilities were. 

Most of the monkey breeders are in southern China; almost all the Chinese 
rhesus colonies or breeders are to the southwest. The area north of Vietnam is 
where many of the breeders of cynomolgus monkeys are located.  

In visiting the area, I found many monkey breeders. For the bigger ones, 
the basic unit is 10,000, so they have 10,000 or 20,000 or 30,000 monkeys. But 
there were no good research facilities at all, and certainly not the type of facility 
we would like to have to do stem cell cultures or brain surgeries. So we decided 
to build our own. 

We chose the city of Nanning for two reasons. One is that it is a small city 
by Chinese standards, with a million people, but the air is good, there is no traf-
fic, and there are many direct flights to the big cities like Beijing, Shanghai, and 
Guangzhou. A second reason is that there are many good breeders in that gen-
eral area, and most of them provide high-quality cynomolgus monkeys. Most of 
these facilities sell the monkeys abroad. 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

Perspective from China  237 

We talked to local people and rented space from them to set up our own 
facility. We immediately faced a problem that has already been discussed and 
that is an overall lack of awareness of animal welfare. Things have improved in 
the past two or three years, but it is still a problem. Also, there is a lack of exper-
tise in veterinary care and technical skills. This is now recognized as a problem, 
and some remote education programs or lecture series have become available in 
China, but unfortunately at that time there were none. 

Also, the quality of the animals is variable. Most of the breeders that sell 
to foreign countries are very good, but others are not, so we must stringently 
screen those animals. 

All this is quite understandable. A quote from a commentary in Cell 
[129(6):1033-1036] published last year says: “There are 135 million Chinese 
living on less than $1 a day, which the World Bank defines as abject poverty. In 
comparison, ‘monkeys listen to music, have toys to play with and drink purified 
water’ in Wincon’s AAALAC-accredited lab.…” Even with the economic boom 
in the past few years, there are still many people at a very low standard of living. 
In such places it is difficult to provide care for our monkeys in such a way that 
they listen to music, have toys to play with, and drink purified water. With re-
gard to purified water, I have a relevant personal experience. When we decided 
to install water purification systems for our monkeys, our technician came to me 
and asked if we could install a faucet in the office for the staff: people do not 
have purified drinking water—they normally boil the tap water for drinking. 
This small anecdote provides a view into the situation in China. 

In developing our program, we decided to adopt a high standard, starting 
with the Guide. While this was a very good decision, in the beginning it was a 
very tough plan to carry through. Staff, including myself, had no experience 
with the Guide. It is embarrassing to say here that I became aware of AAALAC 
only in 2004. However, since we decided to go for this particular standard and 
apply for AAALAC accreditation, it has forced us to do everything properly and 
acceptably to the international community. 

We were very fortunate to develop a collaboration with the University of 
Wisconsin, National Primate Research Center, and with Joe Kemnitz in particu-
lar. The center sends staff to our facility for days and sometimes weeks to help 
us implement the Guide in our facility and laboratories. This activity is continu-
ing, but now people come not just to tell us what to do but also to collaborate 
with us on scientific experiments. 

The third piece of developing our program involved the implementation of 
continuing education for our staff.  

The final aspect of our program development was working with the local 
government to educate them and the local community. These efforts serve to 
bring support from the local community and funds from the local government.  

It has been amazing how quickly things have progressed. In 2003 I visited 
Nanning and we were able to convince some local business people and the local 
government to put in some modest investment to rent a space on the second 
floor of a building beside a breeder, a big monkey farm. In 2004 we decided to 
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work toward the standards set by the Guide, and in 2005 we had laboratory ani-
mal professionals from the University of Wisconsin come in to help us. By the 
end of 2005 we were able to apply for AAALAC accreditation, and we received 
it in 2006. 

Since then everything has been progressing even faster, like everything in 
China nowadays. First, we immediately started getting phone calls from various 
pharmaceutical companies about our company. Second, we suddenly received 
investment money to build a new facility, which is to be completed by next year. 
Third, on a personal level, I have become one of the bigger clients of this com-
pany but am no longer involved with it. A large portion of my research grant 
goes into this company to support my study. But I feel happy about the outcome 
because I am a scientist, not a businessman.  

Finally, I would like to offer a few additional suggestions for those plan-
ning to work with Chinese entities. The first is that it is important to spend more 
time going to China, and not just for site visits. It is important to spend time with 
the people who work there and this will help to solve a lot of problems such as 
language. Even though the English language capability of Chinese staff is not 
great, much may be accomplished just by working side by side. Also, it helps to 
build trust. Once everyone knows each other, it is possible to determine their 
trustworthiness, which is something that cannot be done by teleconference or 
videoconference. 

Another consideration is that flying human primates is cheaper than flying 
nonhuman primates, given the restrictions with transportation. Even though 
travel to China is expensive, it is worth it, especially if one is working with non-
human primates. 

An additional suggestion is that people coming from abroad should work 
with the Chinese government, which, at the local or federal state level, is very 
receptive to advice from abroad and is also receptive to collaborations. In the 
last few years we were able to convince a major science funding agency in 
China to add requirements for major grants, mandating that facilities doing ani-
mal studies must comply with international standards, either by AAALAC ac-
creditation or adherence to the Guide.  

Finally, we are lobbying the Chinese government to support sequencing 
of the cynomolgus monkey genome so that we can compare the various sub-
species as well as do genomic comparisons of Chinese and Indian rhesus. 
Working with the government may require additional effort, but it helps to tap 
into government resources. 
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Transportation Issues with Nonhuman Primates 
 

Saverio Capuano 

 
I am going to focus on the transportation issues surrounding nonhuman 

primates (NHP). It is important to remember that almost 27,000 monkeys came 
into the United States in 2007.1 Even though there is a financial crunch and there 
is not as much money for research and fewer carriers are flying animals, there 
were still 27,000 monkeys that came into this country—and I am still worried 
about transporting animals. 

Not only are there fewer carriers flying animals but there is no air trans-
port within the US. We are converting to ground transport internally, and there 
are several companies that are very good at it. 

It has been said previously at this conference that there are very few 
deaths during transport of NHP. But every year about 200 deaths occur in quar-
antine and it should not be considered a successful transport until the animals 
get out of quarantine. While some of these animals travel huge distances, even 
thousands of miles, a 1% death rate is still unacceptable. Facilities should be 
examined to find out why, if the animals are preconditioned and healthy before 
transportation, 1% of those animals die in quarantine. 

There is a veritable cornucopia of laws and governing bodies that must be 
dealt with in order to move animals domestically or internationally and various 
agencies to enforce these laws and guidelines. Many times these regulations 
contradict each other and there may be [a lot of] ambiguity. Sometimes it is very 
difficult to know what the rules are. In addition, it is necessary to deal with offi-
cials at every one of these governing bodies and their interpretation of the laws.
My plea to all of the attendees here is to get together and work with the agencies 
to develop an interagency agreement. The goal of such an agreement would be 
to bring all the documents together to give us better guidelines. 

The difficulty in finding air carriers that will transport NHP has already 
been discussed. The profit margin for airlines to carry the animals is very low, 

                                                 
1Data from G. Gale Galland, Nonhuman primate importation and quarantine, United 

States: 2007. 35th Annual Workshop of the Association of Primate Veterinarians. Octo-
ber 11-13, 2007; Charlotte, North Carolina. 
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and it costs them money to train their employees, put them at risk, and deal with 
the public relations aspect of it. It is likely that in the future there will be even 
fewer carriers that will transport these animals. 

Good transport practices are based on common sense, on experience, and 
on knowledge of the animals. It is important to know the inspectors, know the 
rules, know all the officials, and know your shipping company, especially when 
it is a large or long shipment. Know what is going to happen with those animals 
every step of the way. Remember that regardless of how the animals are cared 
for in your facility, once they leave it they are under the control of others. One 
thing is to anticipate the weather, particularly in the summer, when there is 
cause for worry because of potentially high temperatures. 

Another consideration is space allocation. While the animals are housed in 
a facility more space may be better, but during transport small is much better. 
Large spaces mean more chance of animals falling, of rolling, of problems with 
motion in transport. Food and water of course must be considered. Anorexia and 
adipsia may occur during transport. It is not prudent to include large volumes of 
water because it causes changes in temperature and bad sanitation in your trans-
port. With regard to handling, it is extremely important to precondition and ac-
climate the animals. They should be prepared by becoming acclimated to the 
transport cages and to the food they will eat during the trip. 

It is prudent to instruct the driver or whoever might be moving or handling 
the animals about how to act with them, what behaviors to look for, and to be 
careful with them, remembering that the transporter likely has little or no 
knowledge about the animals.  

It is important to provide for a way to monitor the animals throughout the 
trip and to prepare emergency procedures for a worst-case scenario, such as the 
truck breaking down or the need to euthanize an animal. It may be necessary to 
have alternate places for the animals to go if the unexpected happens.  

Other issues that should be considered are training, shipping containers, 
and biosecurity. Initial training and continuing education should be given to 
transporters. With regard to shipping containers, ideally each container should 
have an overcarrier, but this may not be feasible. However, it is necessary to 
ensure that the container will endure a trip of thousands of miles. This is particu-
larly true when it comes to biosecurity. If urine or feces were to penetrate to the 
outside of the container, workers may be exposed to infectious agents the pri-
mate might be carrying. This also raises the issue of having the workers wear 
personal protective equipment. Ideally, they should, but doing so might raise 
concerns among the public who see them. The workers should ideally also be 
aware of biocontainment issues, but without specific training it is unlikely that 
they would be. 

In summary, it is important to consider all of these issues before transport-
ing animals in order to make it safe, especially for the animals. 
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The Future of the Use of Nonhuman  
Primates in the UK 

 
Judy MacArthur Clark 

 
This presentation will focus on what we have recently been doing in the 

UK in terms of reviewing the use of nonhuman primates and whether such use 
can be justified. It will consider the Weatherall report,1 including the goal of that 
review, the methodologies, conclusions, and recommendations in the report, and 
the responses to the report. I will end with some personal ideas in terms of the 
way forward. I am taking the place of Professor Roger Lemmon who was unfor-
tunately not able to be here. 

A snapshot of primate use in the United Kingdom (from 2007 UK Home 
Office statistics) shows that use of primates is significantly less than in the 
United States. We performed about 4,000 procedures on primates in 2007, 
which constitutes about 0.1% of all procedures. The actual number of primates 
used was about 3,125, and most of those would have been Old World macaques, 
with a much smaller number of New World monkeys, primarily common mar-
mosets. The number of animals and the number of procedures differ slightly 
because some animals are used in more than one procedure and are thus counted 
more than once. 

The statistics indicate that 87% of animals used are in regulatory toxicol-
ogy and about 13% in basic or applied research, which was the area of greatest 
interest to the authors of the Weatherall report; thus I will not say much about 
regulatory toxicology. The ratio of rhesus to cynomolgus macaques in the UK is 
slightly different from that in the US, where rhesus monkeys are used in most 
basic and applied research. The data show that the use of Old World monkeys 
has stayed relatively stable from 1995 to 2007. On the other hand, the number of 
New World monkeys seems to be on the decline.  

The background to the generation of the Weatherall report was a report 
from the Boyd Group in 2002. The Boyd Group is a very diverse group of indi-

                                                 
1The Use of Non-Human Primates in Research and Testing (2002). Jane A. Smith and 

Kenneth M. Boyd, ed.; the Boyd Group. Leicester: The British Psychological Society. 
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viduals from a range of backgrounds, including science, government, welfare, 
and antivivisection organizations. In 2002, they produced a report on the use of 
nonhuman primates in research and testing.2 

That information was also then taken into consideration by the Nuffield 
Council on Bioethics, which was also a very interesting group of which I was 
privileged to be a member. We produced a report in 2005 on the ethics of re-
search involving animals.3 I recommend that report to provide a breadth of un-
derstanding of the ethics of use of animals in research, which is an excellent 
starting point. 

Arising from the realization in the Nuffield Council report that there were 
significant views being expressed about the ethics of using primates in research, 
the Royal Society and others in the UK set up the Weatherall Committee. It re-
ported in December 2006 on the use of nonhuman primates in research. The 
focus of the report, however, was much more on the scientific justification as 
opposed to ethics. 

The sponsors of the report were the Royal Society, which is somewhat the 
equivalent of the National Academies, the UK Academy of Medical Sciences, 
the Wellcome Trust, and the Medical Research Council, the last two being the 
major funders of basic and applied research involving primates. It was focused 
on hypothesis-driven research in academia and looked at the use of primates in 
communicable disease research, neuroscience, and reproductive biology. There 
was a small amount about fetal development research and aging, as well as a 
brief consideration of drug discovery and development. The report also consid-
ered alternatives, welfare issues, and ethics to an extent, but those were not ma-
jor components. 

The central goal of this study was to examine the scientific case for the use 
of nonhuman primates for research into the prevention and treatment of disease 
or for fundamental research that has the long-term potential for achieving the 
same end. This was a fairly unique approach to looking at the use of primates 
and justification for their use in research. 

The methodology was to set up an “independent” committee. This means 
that all members of the nine-person committee were nonusers of primates in 
research, although some of them were academic researchers, including those 
from overseas, and there was also representation from lay people. There was a 
public call for evidence to which 62 responses were received. In addition the 
committee took oral evidence from 35 witnesses. Both breeding and using sites 
were visited by the committee. The committee sat for some 18 months, and took 
a fairly rigorous approach to writing the report.  

                                                 
2The Use of Non-Human Primates in Research (2006). A working group report 

chaired by Sir David Weatherall. London: The Royal Society, Academy of Medical Sci-
ences, Medical Research Council, Wellcome Trust.  

3The Ethics of Research Involving Animals (2005). London: Nuffield Council on Bio-
ethics. 
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This is an appropriate place to state that the UK regulatory control system 
is very stringent, with a requirement for three licenses for any primate use. 
There are also local ethical review processes. 

Many recommendations emerged in this report. First, it concluded there 
was a strong scientific case for the carefully regulated use of nonhuman primates 
when there are no other means to address clearly defined questions of particular 
biological or medical importance.  

The second recommendation reiterates that point in relation to the fields 
considered in the study—communicable diseases, neuroscience, and reproduc-
tive biology—confirming that nonhuman primates were needed at least for the 
immediate future. There is a sense in this report that there are developments 
occurring all the time that may or may not affect the justification for the use of 
primates in the longer term. 

The third recommendation is that major specialist organizations should 
regularly collate information involving their fields, and the information should 
be disseminated to funding bodies, ethics committees, and regulatory agencies.  

Fourth, the major funding organizations should undertake a systematic re-
view of the outcome of all research using nonhuman primates supported over the 
last decade. That is being done by examining the benefits resulting from funding 
those areas of research.  

The fifth recommendation refers to the development of alternatives, and 
there is strong support for greater funding to develop alternatives to the use of 
nonhuman primates both in research and in toxicology. Funders should expand 
their support for research into refining nonhuman primate research practices 
particularly in behavioral neurosciences. 

A sixth recommendation related to retrospective reporting of severity of 
procedures. This would entail introducing a system to report severity actually 
incurred during procedures, either to a local ethical committee or more cen-
trally. Obviously such reporting would take place after the procedures have 
been performed.  

The next recommendation called for improvements in the training of re-
search workers in nonhuman primate research.  

The committee also addressed housing issues, specifically minimum cage 
sizes, avoidance of single housing, and how cage fittings and conditions can be 
accommodated to the purpose of the experiment, thereby relating the housing to 
the purpose of the research. They also called for better assessments of the advan-
tages of things like access to outdoors and the general need for visual stimula-
tion for primates. 

The next three recommendations relate to regulatory toxicology, particu-
larly in areas where alternatives may be feasible, and pursuing regulators to con-
sider what may be unnecessary tests or duplication of tests. 
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There was a recommendation toward the end of the report that looked at 
the creation of UK centers of excellence, which I will address further when I 
talk about future activities.  

The Weatherall report was produced in December 2006, and in June 2007 
there was a flurry of activity in response to the report. The funders and govern-
ment produced a combined response that was generally supportive of the rec-
ommendations and gave commitment to take them forward and to work together 
on the strategy of how to move forward. 

Shortly thereafter, the UK National Center for the Three Rs (NC3Rs) pub-
lished a critique of the report. It was a constructive critique that sought a more 
rigorous review and analysis of the use of primates in research. It talked about 
the need for a national strategy, which is something now being explored. It also 
mentioned that the NC3Rs has set up an annual meeting on the welfare of pri-
mates, which has been serving a very useful purpose. It draws a very diverse 
audience and serves as a very useful forum for comparing best practice across 
the community that is involved and interested in research using primates. 

What is next then? We are embarking in various areas on thematic re-
views of the use of primates. One area that needs to be explored is the use of 
primates in neuroscience. My team of inspectors in the UK looks at how the 
cost-benefit assessment is applied in those studies and how we can help our 
licensees to adopt best practice. Looking at retrospective severity is also an 
interesting exercise, including options for alternatives and how effectively 
those are being applied. 

In addition, there are moves toward development of a national primate 
strategy, including determining the need for centers of excellence. In the UK 
there are far fewer centers that use primates than in the United States. Some 
question whether it is necessary to develop new centers of excellence rather than 
have existing centers become better networked together. The national primate 
strategy will also look at things like training and sourcing, which were not ad-
dressed in the Weatherall report but are nevertheless very important. Also, it will 
be important to heed the recommendations from [the] Weatherall [report] about 
media and public understanding about why primates are used. 

But as already stated, the use of primates is a global issue, not solely a UK 
issue nor a US issue. While we do some small-scale breeding of primates in the 
UK, many of our primates are sourced from overseas, primarily China, Vietnam, 
and Mauritius. 

It’s clear we have to think of primates as a global resource. We are cur-
rently competing with other countries for our needs; we should not be in compe-
tition but rather exploring the needs of science together. There are significant 
transport and welfare issues to consider as well. And there are significant oppor-
tunities to share best practice, especially between countries, such as the US and 
UK, with well-established programs of primate research and those that are 
emerging scientifically in this field. 
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Those are just some of the issues that come with the fact that the use of 
primates in research is not only a highly sensitive issue but also something that 
has global impact. 

My conclusion is that this is an ideal opportunity for global collaboration 
and harmonization, so that we are not competing for use of these animals but 
truly ensuring that this global resource is being used as effectively as possible. 
We must achieve this by sharing our ideas and by sharing access to those re-
sources. 
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Proposed International NHP Plan 
 

Joseph Kemnitz 

 
In lieu of the last item on the agenda for this afternoon in terms of presen-

tations,1 I will simply mention that the ILAR Council and staff would like to 
capture the content and the spirit of this afternoon’s session and use it to launch 
an international primate plan to enable the best use of global resources to maxi-
mize research progress that requires the use of nonhuman primates while mini-
mizing the numbers used and the negative consequences for the animals. 

We have a draft plan that is not completely polished. Our hope is to launch 
it within the year. We need some additional resources in order to do so. Then we 
have a time line that would call for completion of a written plan within two 
years. 

Finally, I thank all of you who participated in this conference, especially 
the speakers, and very especially Joanne Zurlo and the ILAR staff as well as the 
sponsors of this meeting. 
 

Text of Joseph Kemnitz’s Slides on the Proposed International NHP Plan 
 

Background 
 

First primate plan developed in 1978 by the Interagency Primate Steering 
Committee established by the Director of the National Institutes of Health 
(NIH). 
 
Recommendations were made to ensure: 
 

• Expansion of domestic production of nonhuman primates (NHP) 
• Action to ensure effective use of NHP  

                                                 
1This session reached the end of its allotted time and eclipsed Dr. Kemnitz’s presenta-

tion about the International Primate Plan; the text of the slides he prepared for presenta-
tion is included here.   
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• Stable supply and long-term availability of NHP from countries of 
origin 
 

The 1978 Plan was quickly outdated (e.g., ban on exportation from India, 
AIDS crisis). Great pressure was put on Indian-derived rhesus monkey re-
sources. 

A workshop on International Perspectives: The Future of Nonhuman Pri-
mates Resources was convened by ILAR in 2002.  
 

• Reports on NHP resources and programs in 16 countries 
• Updates on issues such as nutrition, genetics, microbiology and trans-

portation 
 

A companion workshop, Rhesus Monkey Demands in Biomedical Re-
search, was convened by NIH’s Office of AIDS Research (OAR) and National 
Center for Research Resources (NCRR).  
 

• Emphasized pressure on Indian rhesus monkey supply 
• Encouraged use of alternative species 
• Develop a comprehensive plan to preserve and expand resources for 

biomedical research using NHP models 
 

Rationale for a New Plan 
 

• Increasing need for human disease research and testing 
• Disease threats that compromise quality and supply of NHP  
• Globalization of research  
• Need for conservation  
• Need for renewed investment in infrastructure 

 

Overall Scope 
 

To address the current and future needs of NHP supply and use in bio-
medical research on a global level with consideration of multiple issues 
 

Scope 
 

1. Supply and demand issues based on input from countries and facilities 
that are major producers and/or users of NHP 

• Projections for NHP demand in the US over the next ten years will be 
determined in part by examination of US Department of Agriculture data and 
import/quarantine information from the last 10–15 years and in part by examina-
tion of trends and anticipated future trajectories of those trends.  
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• Assessment of needs for NHP in other countries by enlisting expertise 
from these countries in the project. 
 

2. Factors affecting the breeding of various species of NHP used in re-
search 

• This will include breeding of NHP both in the US and abroad, and will 
address issues such as nutrition, age of dams, pregnancy success rates, genetic 
management. 
 

3. Infectious diseases affecting NHP and the standardization of microbial 
characterization of individuals and colonies with a focus on quality control and 
the development and use of reference reagents to minimize variability among 
laboratories and facilities.  

4. Genetic management of animals including either genetic diversity or 
genetic similarity, depending on the needs of the research with recommenda-
tions for standardizing practices. 

5. Behavioral management of the animals with recommendations for best 
practice in maintaining psychological well-being, optimal housing conditions 
and colony management.  

6. Transportation issues specific to NHP, including the control of micro-
environment of the animals during shipping, transport of biological samples 
from NHP, and current international regulatory obstacles to importation and 
transportation of animals. 

7. Training of individuals involved with the care and use of NHP, includ-
ing research and husbandry staff, and addressing the shortage of veterinarians 
specializing in NHP medicine.  

8. Recommendations for the conservation of NHP resources, including the 
creation of formal mechanisms to facilitate sharing of samples and animals, de-
tailed databases of genomic information on individual animals and development 
of small animal models to replace NHP where appropriate. 
 

Some additional issues to be addressed: 
 

• Elaborate on the translational value of research on NHP to human disease 
• Identify priority areas of basic research for which NHP resources will 

be essential 
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Abbreviations 

 
AAALAC    Association for Assessment and Accreditation of  

  Laboratory Animal Care International 
AAAS     American Association for the Advancement of Science 
AALAS    American Association for Laboratory Animal Science 
AAVMC      Association of American Veterinary Medical Colleges 
ABSL     animal biosafety level 
ACCMAL   Central American, Caribbean, and Mexican Association  

  for Laboratory Animal Science 
ACLAM    American College of Laboratory Animal Medicine 
AMCAL    Mexican Association for Laboratory Animal Science 
AMMRA   Asian Mouse Mutagenesis Resources Association 
APC    UK Animal Procedures Committee 
AQSIQ   Provincial Administration of Quality Supervision,  

  Inspection, and Quarantine (China) 
ASLAP    American Society of Laboratory Animal Practitioners 
AV     attending veterinarian 
AVA    Agri-Food and Veterinary Authority 
AVMA    American Veterinary Medical Association 
BAC    bacterial artificial chromosome 
CALAM/ACMAL  Canadian Association for Laboratory Animal Medicine 
CAST    Council for Agricultural Science and Technology (US) 
CCAC    Canadian Council on Animal Care 
CEDD    center of excellence for drug discovery 
CENEVAL   National Center for Higher Education Evaluation (Mexico) 
CHORI    Children’s Hospital Oakland Research Institute (California) 
CIOMS    Council for International Organizations of Medical Sciences 
CMMR    Canadian Mouse Mutant Repository 
CNRS    National Center for Scientific Research (France) 
ConeVet   National Council for Veterinary Medical Education  

  (academic branch of the Mexican Veterinary Medical Association) 
CPCSEA   Committee for the Purpose of Control and Supervision  

  of Experiments on Animals (India) 
CPMP    Committee for Proprietary Medicinal Products 
CRISP   NIH Computer Retrieval of Information on Scientific  

  Projects system 
CRO    contract research organization 
ECLAM    European College of Laboratory Animal Medicine 
ECVAM    European Center for the Validation of Alternative Methods 
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EE     enriched environment or environmental enrichment 
EFSA    European Food Safety Authority 
EMMA    European Mouse Mutant Archive 
ENU    ethylnitrosourea 
ESC     embryonic stem cell 
ESLAV    European Society of Laboratory Animal Veterinarians 
ETS 123   European Convention for the Protection of Vertebrate  

  Animals Used for Experimental and Other Scientific Purposes 
EUCOMM   European Conditional Mouse Mutagenesis 
EUMODIC   European Mouse Disease Clinic 
FDA    US Food and Drug Administration  
FELASA   Federation of European Laboratory Animal Science 

  Associations 
FeSSACAL   South American Federation for Laboratory Animal Science  
FIMRe    Federation of International Mouse Resources  
GEMM    genetically engineered mouse model 
GLP     good laboratory practice 
GM     genetically modified or genetic modification 
the Guide   Guide for the Care and Use of Laboratory Animals  

  (NRC report) 
HO     Home Office (UK) 
HVAC    heating, ventilation, and air conditioning 
IACLAM   International Association of Colleges of Laboratory  

  Animal Medicine 
IACUC    institutional animal care and use committee 
IATA    International Air Transport Association 
ICCVAM   Interagency Coordinating Committee on the Validation  

  of Alternative Methods 
ICH     International Council on Harmonization 
ICLAS    International Council for Laboratory Animal Science 
IKMC    International Knockout Mouse Consortium 
iPS     induced pluripotent stem [cell] 
IRAC    Interagency Research Animal Committee 
JAX     Jackson Laboratory 
JCLAM    Japanese College of Laboratory Animal Medicine 
KOMP    Knockout Mouse Project 
LAM    laboratory animal medicine 
LAR    Live Animals Regulations 
MMRRC    Mutant Mouse Regional Resource Centers 
MOU    memorandum of understanding 
MSM    Mus musculus molossinus 
MTA    materials transfer agreement 
NACLAR   National Advisory Committee for Laboratory Animal 

  Research (Singapore) 
NC3Rs    UK National Center for Replacement, Refinement, and 

     Reduction of Animals in Research  
NCRR    National Center for Research Resources (at US NIH) 
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NGO    nongovernmental organization 
NHMRC    National Health and Medical Research Council (Australia) 
NHP    nonhuman primate(s) 
NIH     US National Institutes of Health  
NorCOMM   North American Conditional Mouse Mutagenesis [Project] 
NTP     National Toxicology Program 
OECD    Organization for Economic Cooperation and Development 
OIE     Office International des Epizooties, now the World 

     Organization for Animal Health (but still goes by OIE) 
OLAW    Office of Laboratory Animal Welfare (at US NIH) 
PAHO    Pan American Health Organization 
PCR     polymerase chain reaction 
PETA    People for the Ethical Treatment of Animals 
PHS     US Public Health Service 
RFID    radio frequency identification 
SARS    severe acute respiratory syndrome 
SIV     simian immunodeficiency virus 
TA     teaching assistant 
TACT    Air Cargo Tariff [book] 
TCP     Toronto Centre for Phenogenomics 
USAMRIID   United States Army Medical Research Institute for  

  Infectious Diseases 
VICH   International Cooperation on Harmonization  

  of Technical Requirements for Registration of  
  Veterinary Medicinal Products 

VRL    Virus Reference Laboratory 
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Animal Research in a Global Environment: Meeting the Challenges 
 

National Academy of Sciences 
2100 C Street NW 
Washington DC 

 
September 23–25, 2008 

 
Program 

 
Tuesday, September 23 
 
7:30 a.m. Registration/Continental Breakfast 
 C Street Lobby/Great Hall 
 
Morning Session 
Judy MacArthur Clark, Chair 
Auditorium 
 
8:45 a.m. Welcome 
 Joanne Zurlo, Director, ILAR 
 
9:00 a.m. Plenary Lecture – Science & Technology and  

US Foreign Policy 
 Norman Neureiter, AAAS 
 
9:45 a.m. Building Momentum: Lessons Learned from the  

2003 ILAR Workshop 
 Hilton Klein, 2003 Conference Chair 
 
10:15 a.m. Break 
 Great Hall 
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10:30 a.m. Challenges and Opportunities for Harmonization 
 Cecilia Carbone, ICLAS 
 David Bayvel, OIE 
 Judy MacArthur Clark, IACLAM  
 Kathryn Bayne, AAALAC International 
 Carl Kole, IATA  
 Joanne Zurlo, ILAR  
 Malachy Hargadon, EU 
  
12:00 p.m. Lunch 
 Great Hall 
 
Afternoon Session 
Kathryn Bayne, Chair 
Auditorium 
 
1:00 p.m. Global Issues – Working Across Different Standards 
 
 Operational Challenges 
 Margaret Landi, Pharmaceutical Industry 
 Bryan Ogden, Contract Research Organizations 
 Steven Niemi, Academia (US) 
 Harry van Steeg, Academia (EU) 
  
3:00 p.m. Break 
 Great Hall 
 
3:15 p.m. Global Issues – Working Across Different Standards 
 
 Training and Education 

Marilyn Brown, Charles River: A Model of  
International Training 

  
 Ann Turner, AALAS 
 Patri Vergara, FELASA Training Program 
 Leslie Retnam, Training in Asia 
  
5:00 p.m. Welcome Reception 
 Great Hall 
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Wednesday, September 24 
 
7:30 a.m. Registration/Continental Breakfast 
 C Street Lobby/Great Hall 
 
Morning Session 
Coenraad Hendriksen, Chair 
Auditorium 
 
8:30 a.m. Plenary Lecture – Animal Research in a Global Environment: 

Meeting the Challenges 
 John Baldoni, GlaxoSmithKline 
 
9:15 a.m. Veterinary Care for Laboratory Animals 
 
 Standards 
 Kathryn Bayne, AAALAC 

Challenges: State of Laboratory Animal Medicine  
Around the World 

 Hans Hedrich, Europe  
 Rafael Hernandez, Latin America 
 James Fox, North America 
 
10:30 a.m. Break 
 Great Hall 
 
10:45 a.m. Veterinary Care for Laboratory Animals: A Path Forward 
 
 Solutions 

David Bayvel, The Role of the OIE 
Michael Chaddock, AAVMC Strategic Plan  
(Introduction by Marguerite Pappaioanou) 

 Patricia Turner, Online Training and Distance Learning 
 
12:00 p.m. Lunch 
 Great Hall 
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Afternoon Session 
Jeffrey Everitt, Chair 
Auditorium 
 
1:00 p.m. International Approaches and Principles for Distress, Pain,  

and Euthanasia 
 David Morton, Distress 
 Matt Leach, Pain 
 Gilly Griffin, Euthanasia 
 
2:15 p.m. International Approaches and Principles for  

Humane Endpoints 
 Fraser Darling, Cancer 
 Carol Eisenhauer, Infectious Diseases 
 Margaret Rose, Genetically Modified Animals 
 
3:30 p.m. Break 
 Great Hall 
 
3:45 p.m.  Cross-Cultural Ethical Perceptions and Ways to  

Resolve Challenges 
 Bernard Rollin 
 
4:30 p.m. Adjourn 
 
 
Thursday, September 25 
 
7:30 a.m. Registration/Continental Breakfast 
 C Street Lobby/Great Hall 
 
Morning Session 
Stephen Barthold, Chair 
Auditorium 
 
8:30 a.m. Coordination of International Rodent Resources 
 Plenary Lecture – Two Mouse Tales 
 Oliver Smithies, Nobel Laureate 
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9:30 a.m. Mice Travelling the World 
  
 Sharing Resources: Licensing Issues 
 Lili Portilla 
 
 Knockout Mouse Databases 
 Franziska Grieder, KOMP 
 Colin McKerlie, NorCOMM 
 
10:30 a.m. Break 
 Great Hall 
 
10:45 a.m. Knockout Mouse Databases (continued) 
 Martin Hrabe DeAngelis, EUCOMM, FIMRe 
 Yuichi Obata, RIKEN 
  
 Repository Issues, Lessons Learned 
 James Womack 
  
 Transportation and Mouse “Passport” 
 William White 
 
12:00 p.m. Lunch 
 Great Hall 
 
Afternoon Session 
Joseph Kemnitz, Chair 
Auditorium 
 
1:00 p.m. International Coordination of Nonhuman Primates (NHP) 
  

Framing the Issues 
Joseph Kemnitz 

 
 Supply and Use of NHP Around the World 
 William Morton, US  
 Sam Poulle, Mauritius 
 C.K. Hsu, China 
 Chris Abee, New World Primates 
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2:15 p.m. Challenges to Outsourcing Studies 
 
 Control of Safety Testing Studies 
 Michael Ballinger 
 
 Academic Collaborations across Borders 
 James Macy 
  
 Perspective from China 
 Alex Zhang 
 
3:00 p.m. Break 
 
3:15 p.m. Transportation Issues 
 Saverio Capuano 
 
3:30 p.m. The Future of NHP Use 
  
 The Future of the Use of Nonhuman Primates in the UK 
 Judy MacArthur Clark 
 
 Need for NHP in Biopharmaceuticals 
 David Ruble 
  
 Alternatives to NHP for Biopharmaceuticals 
 Kathryn Chapman 
 
 Proposed International NHP Plan 
 Joseph Kemnitz 
 
5:00 p.m. Reception (admission by ticket only) 
 Rotunda 
 
6:00 p.m. Conference Banquet (admission by ticket only) 
 Great Hall 
   
 Dinner Speaker 
 
 Cosmopolitanism: Ethics in a World of Strangers 
 Kwame Anthony Appiah 
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Steering Committee Bios 

 
Coenraad F.M. Hendriksen, DVM, PhD, Chair, is Head of the Netherlands 
Centre for Alternatives to Animal Use, Chair of the Alternatives to Animal Use 
at the Veterinary Faculty of Utrecht University, and Senior Scientist at the Labo-
ratory for the Quality Control of Biologicals, Central Animal Laboratories 
(RIVM). His expertise is in animal welfare concerns and lab animal issues in 
Europe. His research activities are focused on the development and validation of 
methods to replace, reduce, and/or refine the use of laboratory animals, espe-
cially in the field of the production and quality control of immunobiologicals. 
He is coeditor of several books and congress proceedings. At the time of the 
workshop he was a member of the Central Committee on Animal Experimenta-
tion (CCD) in the Netherlands, chair of the ECVAM Steering Group on Biologi-
cals, and a member of the Institute for Laboratory Animal Research (ILAR) 
Council (2002–2008). He also served on the steering committee for the 2003 
ILAR International Workshop on Science-Based Guidelines for Laboratory 
Animal Care.  
 
Stephen W. Barthold (IOM), DVM, is Distinguished Professor of Veterinary 
and Medical Pathology at the University of California, Davis, and Director of 
the UC Davis Center for Comparative Medicine. His professional specialty is 
infectious diseases of laboratory rodents and biology of the laboratory mouse, 
with a primary focus on pathogenesis of Lyme borreliosis for the last 25 years. 
Dr. Barthold was elected to the Institute of Medicine (IOM) in 2001 and has 
received a number of career awards. He has served on numerous national scien-
tific advisory and review committees and published over 300 peer-reviewed 
articles, chapters, and books. Dr. Barthold was a member of the steering com-
mittee for the 2003 ILAR workshop and a member (2002–2005) and then Chair 
(2005–2011) of the ILAR Council.  
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Kathryn A. Bayne, MS, PhD, DVM, DACLAM, CAAB, is Global Director for 
the Association for Assessment and Accreditation of Laboratory Animal Care 
International (AAALAC International). In this role she directs the accreditation 
program worldwide and travels extensively to advance AAALAC’s accredita-
tion program and laboratory animal welfare. Prior to this position she worked at 
the National Institutes of Health leading a research program on nonhuman pri-
mate psychological well-being and environmental enrichment programs for pri-
mates, dogs, cats, and swine. She has published over 40 articles on the subject 
and has also published extensively on accreditation of laboratory animal care 
and use programs. Dr. Bayne is a charter member and part of the Executive 
Team of the International Association of Colleges of Laboratory Animal Medi-
cine (IACLAM). She has been a member of the ILAR Council since 2006 and 
also served on the NRC committees that prepared reports on the Psychological 
Well-Being of Nonhuman Primates, Occupational Health and Safety in the Care 
of Nonhuman Primates, and Guidelines for the Care and Use of Mammals in 
Neuroscience and Behavioral Research.  
 
Jeffrey Everitt, DVM, is Director of Comparative Medicine and Investigator 
Support at GlaxoSmithKline (GSK) Research & Development in Research Tri-
angle Park, North Carolina. Dr. Everitt spent 17 years on the senior scientific 
staff of the CIIT Centers for Health Research in Research Triangle Park before 
joining GSK’s global Laboratory Animal Sciences department. He is also an 
adjunct faculty member in the Department of Pathology and Laboratory Medi-
cine at the University of North Carolina School of Medicine in Chapel Hill and 
at the North Carolina State University College of Veterinary Medicine. He 
served on the ILAR Council (2004–2010) and on the Board of Directors of the 
American College of Laboratory Animal Medicine. He is a diplomate of the 
American College of Veterinary Pathologists and of the American College of 
Laboratory Animal Medicine, as well as a Fellow of the International Academy 
of Toxicological Pathology.  
 
James G. Fox (IOM), DVM, is Director of the Division of Comparative 
Medicine and a professor in the Department of Biological Engineering at the 
Massachusetts Institute of Technology as well as an Adjunct Professor at Tufts 
University School of Veterinary Medicine and the University of Pennsylvania 
School of Veterinary Medicine. He is a Diplomate and past president of the 
American College of Laboratory Animal Medicine. Professor Fox is the author 
of over 525 articles, 80 chapters, and 4 patents and has edited and authored 13 
texts in the field of in vivo model development and comparative medicine. He 
has given over 250 invited lectures, consults nationally and internationally with 
government, academia, and industry, and has served on several journal editorial 
boards. He has been the principal investigator of an NIH postdoctoral training 
 
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

260 Animal Research in a Global Environment: Meeting the Challenges 

grant for veterinarians for the past 23 years and has trained 50 veterinarians for 
careers in biomedical research. He also has an NIH training grant for veterinary 
students and has introduced over 100 veterinary students to careers in biomedi-
cal research. He is a past member of the NIH/NCRR Scientific Advisory Coun-
cil and of the ILAR Council (2005–2011). 
 
Joseph W. Kemnitz, PhD, is Director of Translational Technologies and Re-
sources at the Institute of Clinical and Translational Research and professor in 
the Department of Cellular and Regenerative Biology at the University of Wis-
consin, Madison. Until recently he was based at the National Primate Research 
Center and served as its director from 1996 to 2010. Prior to that he was a mem-
ber and chair of the IACUC for the Graduate School. His research has focused 
on nutrition and metabolism in the contexts of reproductive physiology and ag-
ing, primarily using rhesus macaques. He was a member of the ILAR Council 
from 2005 to 2011.  
 
Hilton J. Klein, VMD, MS, is former Senior Director for Comparative Medi-
cine at Merck Research Laboratories. He was also an adjunct assistant professor 
in the Department of Laboratory Animal Resources at the University of Penn-
sylvania. His research interests are in laboratory animal science, particularly in 
the field of laboratory animal infectious disease and surgical production of ani-
mal models. He served as a consultant to the Pan American Health Organization 
as Merck’s representative on nonhuman primate conservation. He was a member 
of the steering committee of the 2003 workshop and of the ILAR Council 
(1998–2005). 
 
Judy A. MacArthur Clark, CBE, BVMS, DVMS, DLAS, DipECLAM, 
DACLAM, FSB, FRAgS, is Chief Inspector in the Animals Scientific Proce-
dures Inspectorate of the Home Office in London, United Kingdom. From 2005 
to 2007 she was Vice President of Worldwide Comparative Medicine at Pfizer 
in Groton, Connecticut, and before that (1992–2005) served as Director of Mar-
keting and Sales at BioZone Ltd., which she cofounded. For over 20 years she 
has consulted on ethical policy development and improving public understand-
ing of science. She is a member and former President of the UK Royal College 
of Veterinary Surgeons and has chaired or served as a member of many high-
level national and international advisory committees on topics such as xeno-
transplantation, farm animal welfare, research funding priorities, and bioethics. 
She actively works on research regulation and policy development in the United 
Kingdom, Europe, and the United States. She is a member of the ILAR Council 
(2006–2012).  
 



Copyright © National Academy of Sciences. All rights reserved.

Animal Research in a Global Environment: Meeting the Challenges: Proceedings of the November 2008 International Workshop

261 

Appendix C 
 
 

Workshop Speakers1 

 
Christian R. Abee, DVM 
The University of Texas M.D. 

Anderson Cancer Center 
Houston 
 
Kwame Anthony Appiah, PhD 
Princeton University 
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John Baldoni, PhD 
GlaxoSmithKline 
Philadelphia, Pennsylvania 
 
Michael B. Ballinger, DVM, MS 
Amgen 
Thousand Oaks, California 
 
Stephen W. Barthold, DVM, PhD 
University of California, Davis 
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 David Bayvel, DVM 
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Wellington, New Zealand 
 
Marilyn J. Brown, DVM, MS 
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Saverio Capuano, DVM 
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American Association of Veterinary 

Medical Colleges 
Washington, DC 
 
Kathryn Chapman, PhD 
National Center for Replacement, 
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1Affiliations shown are those at the time of the workshop. 
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